












WvliJon of fishes,

(J. S. National Museum

UNITED STATES COMMISSION OF FISH AND FISHERIES.

PA.RT XIII.

REPORT

THE COMMISSIONER

1885.

A.--INQUIRY INTO THE DECREASE OF FOOD-FISHES.

B.—THE PROPAGATION OF FOOD-FISHES IN THE
WATERS OF THE UNITED STATES.

-

<*&*
\ •

\«£vc '

GOVEE
WASHINGTON: cri^^o*^
NMENT FEINTING O F F,2tft^ <a\^

1887. * **



Resolved by the Senate (the House of Representatives concurring), That the report of the

Commissioner of Fish aiid Fisheries for the year 1835 be printed, and that there be

printed 11,000 extra copies, of which 3,000 shall be for the use of the Senate, 6,000 for

the use of the House of Representatives, 1,500 for the use of the Commissioner of Fish

and Fisheries, and 500 for sale by the Public Printer, under such regulations as the

Joint Committee on Printing may prescribe, at a price equal to the additional cost of

publication and 10 per cent thereto thereon added, the illustrations to be obtained

by the Public Printer, under the direction of the Joint Committee on Printing.

Agreed to by the Senate February 24, 1885.

Agreed to by the House March 2, 1885.
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REPORT OF THE COMMISSIONER.

A.—GENERAL CONSIDERATIONS.

1.—INTRODUCTORY REMARKS.

The duties assigned to the United States Commissioner of Fish and

Fisheries, as indicated in the law authorizing his appointment, con-

sist, first, in the investigation of the causes of decrease in the supply of

useful food-fishes of the United States, and of the various factors enter-

ing into the problem; and, second, the determination and employment

of s uch active measures as may seem best calculated to stock or restock

the waters of the rivers, lakes, and the sea.

T welve annual reports, containing in all upwards of 12,800 octavo

pages, as well as several hundred plates, have heretofore been issued.

This, the thirteenth, swells the total number of pages to upwards of

14,000. It covers the operations of the Commission during the calendar

year 1885 and in part for 1886, being the fifteenth year of its history.

Year by year a more or less rapid and continual expansion of the

Commission has been chronicled, increased appropriations have been

made, indicative of the appreciation by Congress of the efforts put forth,

and a growing dem and from the people of the country for assistance in

maintaining and increasing the food supply of the nation has been de-

veloped. As heretofore, the work of the C ommission has been aided and
supplemented by that of the various State commissioners acting under

appointment from the governors of the different States and Territories.

Relations with all these have been cordial and harmonious, and each, in

varying methods, has done what was possible with the means placed at

his disposal. The State commissioners are in no sense responsible to

the United States Commissioner, and whatever co-operation has taken

place has been of a purely voluntary nature. The following States and

xrx
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Territories have been represented during the present year by the num-

ber of commissioners indicated

:

State.

Alabama ...

Arizona
Arkansas. ..

California .

.

Colorado
Connecticut
Delaware...
Georgia
Illinois

Indiana
Iowa
Kansas
Kentucky ..

No. State.

Maine
Maryland
Massachusetts .

Michigan
Minnesota
Missouri
Nebraska
Nevada
New Hampshire
New Jersey
New York
North Carolina

.

Ohio

No. State.

Pennsylvania .

Rhode Island .

,

South Carolina
Tennessee
Vermont
Virginia
Washington ...

"West Virginia
"Wisconsin
Wyoming

Total

No.

There has also been hearty co-operation with the work of investiga-

tion by various men of science, notably by those connected with Gov-

ernment bureaus of this and other countries, and with many of the lead-

ing colleges and educational organizations of the country. To the

latter it has been possible for the Commission to supply, in return, col-

lections of marine forms and other material of great value for class-room

instruction, and for museum purposes. These collections involve no

expense to the recipients beyond the cost of freight, of alcohol, and of

suitable receptacles for exhibition and storage, and are assigned to

schools and colleges upon recommendation of the member of Congress

from the district in which the institutions are located.

In addition to the usual routine operations of the Commission during

the year, in the way of general administration, of inquiry, and of propa-

gation of food-fishes, the following specially noteworthy points may be

indicated as having engaged its attention. These will be referred to

more fully hereafter:

1. The completion of the suite of buildings at Wood's Holl, and their

occupancy, for the purposes of investigation and fish production.

2. The exploration of the fishing-grounds of the Gulf of Mexico by

the steamer Albatross, and the investigation of the red snapper and

other fisheries.

3. The appropriation of $14,000 for building the schooner Grampus,

the construction of plans, and the award of the contract for building to

Messrs. Bobert Palmer & Sons, of Noank, Conn.

4. Participation in the New Orleans Cotton Centennial Exposition, at

which were exhibited the steamer Albatross, with her appliances for

research and practical work, and a hatching car fully equipped with

eggs and live fish.

5. The taking of a census of the fisheries of the Great Lakes for pur-

poses of comparison with that of five years ago.

0. The co-operation of the Treasury Department in obtaining statistics

of the sea fisheries of the Atlantic Ocean,
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7. The examination of the oyster-beds of* Long Island Sound by the

steamer Lookout under the direction of Mr. E. G. Blackford.

8. The importation of several installments of live soles from England,

and of the eggs of Loch Leven trout and Goregonus albula.

9. The hatching of cod at Wood's Holl, of grayling at Northville, and

of shad at a new station on the Delaware.

10. The building of a shad hatchery at Port Washington on the Po-

tomac River.

11. The discovery of a rational system of oyster culture, including

the collection of spat by a new process proposed by John A. Ryder.

12. The transportation of clams from Tacoma, Wash., on the Pacific

coast, to Wood's Holl Station upon a car of the Commission.

13. The successful confinement of young shad in a pond from June

to November.

14. The extensive distribution of carp to private ponds and numer-

ous plants made in public rivers.

15. The continued efforts and increased results in taking and hatch-

ing the eggs of shad, whitefish, trout, salmon, and other species of food-

fish at previously established stations of the Commission.

16. The exportation of live catfish to Holland, France, Germany, and

England ; and of large shipments of whitefish eggs to Germany, Switz-

erland, and Australia.

17. The introduction to commerce of smoked kingfish.

IS. The record of the establishment of the Iceland halibut fishery as

a profitable undertaking for American fishermen.

19. The meeting in Washington of the American Fisheries Society.

20. The publication of Section I of the quarto fishery report in two

large volumes, one of text and one of plates.

The work connected with the administration of the office has probably

been greater during the present year than in any preceding year. The
number of letters received, registered, and indexed during the fiscal

year ending June 30, was 14,174, and the number written during the

same period, 10,-549, or a total of 24,723. In addition, there were re-

ceived 3,994 applications for fish and several thousand statistical re-

turns relating to the lake fisheries, the sea fisheries, and. the culture of

carp.

This increase in the office work of the Commission has necessitated

additional room, and on the 1st of October the house immediately north

of the Fish Commission office, known as 1448 "N" street,K W., was leased

and has since been occupied as offices of the disbursing agent and his

clerks.

It gives me much pleasure to record that during the year no casualties

have occurred to the immediate personnel of the Commission, and no

serious interruption of work in consequence of death or prolonged sick-

ness of any of its members. The death of Prof. Henry J. Pice, which

occurred at his home in Brooklyn, 1ST. Y., on December 14, however, in-
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volvcd a serious loss on account of the interruption of the valuable em-

bryological work, which he conducted for the most part at the private

laboratory of Mr. E. G. Blackford, Fulton Market, New York City, and

in which the Commission was much interested. The general cause of

fish-culture has also suffered in the death of Mr. George Henry Jerome,

which occurred August 15, at Niles, Mich. He was for a time a mem-

ber of the State Board of Fish Commissioners of Michigan, and was the

first State superintendent of Michigan fisheries. Many years of his life

were devoted to the cause of fish-culture, and his influence was often

potent with the legislature of his adopted State when questions arose

with reference to the fisheries.

2.—STATIONS OF THE UNITED STATES FISH COMMISSION.

During the present year all of the stations which were occupied dur-

ing 1884 have been in use, and there have been added thereto tempo-

rary stations on the Delaware Biver for the purpose of hatching shad.

A.

—

Investigation and Research.

(1) Gloucester, Mass.—This station was first occupied in 1878, and

has been maintained ever since on account of the opportunities fur-

nished for securing information with reference to the sea fisheries. In

February of the present year the office was placed in charge of Mr.

W. A. Wilcox, secretary of the American Fish Bureau. With the

assistance of Capt. S. J. Martin, statistics of the fisheries have been

collected, from which monthly reports have been compiled and pub-

lished in the Fish Commission Bulletin. Mr. Wilcox has also assisted

in obtaining extended information relative to the sea fisheries.

(2) Wood's Holl, Mass.—This station, which has been occupied since

1881, is the largest and perhaps the most important of all occupied by

tbe Commission. It furnishes a harbor an d wharfage for the steamers of

the Commission which are engaged in research along the North Atlan-

tic coast each summer. It is fitted up especially for the propagation of

marine forms, such as the cod, the lobster, and the oyster. It is iu

charge of Capt. H. C. Chester, and is occupied by the Commissioner in

person during three or four of the summer months.

(.3) Saint Jerome, Md.—This station, estabiishe d in 1881, is used for

experimental work in connection with oyster culture, and is in charge of

W. de C. Ravenel. Five ponds have now been constructed, and during

the year extended observations have been made upon the densities of

sea-water in various typical localities.

B.

—

Propagation of Salmonidjs.

(4) Grand Lalcc Stream, Me.—This station since 1875 has been oper-

ated jointly in Hie interest of Maine, New Hampshire, and Massachu-

setts, and of the United States, and is under the direction of Mr.
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Charles G. Atkins. Work is confined to propagating landlocked or

Schoodic salmon, of which 641,000 eggs were taken the present year.

(5) Buclesport, Me.—This is one of the oldest stations of the Commis-

sion, having been established in 1872, and is also under the direction of

Mr. Atkins. It is devoted to the production of eggs of t he Penobscot

salmon, of which 2,315,000 were secured during the present year. An
installment of eggs of Coregonus albula from Germany was hatched and
deposited in Heart Pond, Orland, Me., and Lake Hebron, Monson, Me.

(6) Northville, Mich.—This station, established in 1872, was one of

the first occupied by the Commission and has been in continuous oper-

ation. It was first established for the propagation of whitefish, but

at present its operations extend to the cultivation of brook trout,

rainbow trout, lake trout, landlocked salmon, and brown trout. It has

been in charge of Mr. F. W. Clark for a number of years and has pro-

duced several hundred millions of eggs of the whitefish.

(7) Alpena, Mich.—This station was organized in 1882 as an auxil-

iary to the Northville Station. Whitefish eggs are taken at Alpena
and forwarded to Northville for development. This is also under direc-

tion of Mr. Clark.

(8) Baird, Gal.—This station was opened in 1873 for the purpose of

securing eggs of the California salmon. It was operated for this pur-

pose for about ten years, but during the year 1884 and the present year

no eggs have been taken, although a keeper has been in charge. Mr.

Livingston Stone has superintended it from its inception.

(9) Trout ponds near Baird, Cal.—This, as well as the preceding sta-

tion, is situated on the McCloud River, and is also under direction of

Mr. Stone, although more immediately carried on by Mr. L. W. Green.

It has been operated since its establishment in 1879 for securing eggs

of California or rainbow trout, of which 246,000 were obtained in 3885.

During the present year a disease developed among the trout which

caused some alarm, and which was investigated by Prof. S. A. Forbes,

with the result of ascertaining that it was identical with that which

swept off such large quantities of fish in the Wisconsin lakes in 1884.

(10) Wytheville,Va.—This station, the property of the State of Vir.

ginia, has been used by the United States Commission since 1883,

through the courtesy of Colonel McDonald, the State commissioner.

Its superintendent is Mr. George A. Seagle. It is used for the propa-

gation of Penobscot salmon, California trout, brook trout, Rangeley
trout, lake trout, black bass, red-eye perch, carp, and grayling. Dur-

ing the present summer a new hatchery was erected with a capacity of

500,000 eggs. Several small ponds were also constructed and the dis-

tribution of the water supply completed.

(11) Cold Spring Harbor, N. Y.—This station is the property of the

New York State Fish Commissioa, and is in charge of Mr. Fred Mather,

since 1883. Through the courtesy of Mr. E. G. Blackford, one of the

State commissioners, work has been performed in behalf of the United
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States Commission iu connection with the propagation of whitefish,

brook trout, rainbow trout, brown trout, Penobscot salmon, and land-

locked salmon.

C—Propagation of Shad.

(12) Battery Station, Md.—This station has been operated since 1876

for the purpose of hatching shad, the young of which have either been

returned to the waters of Chesapeake Bay or transported to other por-

tions of the country for introduction to new waters. During a portion

of the season the steamer Lookout, Mate James A. Smith, was in attend-

ance to co-operate with the work. In the present season over 10,000,000

young fish were hatched, of which about one-halfwere deposited in the

immediate vicinity.

(13) Central Station, Washington, B. G.—In 1881 the old Armory

building was assigned to the Commission for the purpose for which it is

now used. It receives at different times of the year eggs of shad, herring,

salmon, whitefish, and various kinds of trout, to be hatched and distrib-

uted by cars to various portions of the country. The station is in

charge of Colonel McDonald.

(14) Fort Washington, Md.—Stations in this vicinity have been occu-

pied by the Commission since the year 1874 for the purpose of collecting

shad eggs. The immediate locality was first occupied in 1883 by per-

mission of the War Department. During the present year a building

was constructed near the wharf, to be used as a hatchery and for the

storage of eggs, of which over 22,000,000 were taken. It is in charge of

Col. M. McDonald, and practically is an outpost of the Central Station.

(1 5) Gloucester Gity, N. J.—This station, situated on the Delaware

Eiver, was first occupied the present year. The steamer Fish Hawk was

stationed at this point from May 23 to June 10, and succeeded in securing

over 10,000,000 eggs. This work was under charge of Lieut. L. W. Piep-

meyer, U. S. N., commanding the vessel.

The steamer Lookout, Mate James A. Smith commanding, made two

trips to the Delaware for the purpose of collecting shad eggs, most of

which were transferred to Battery Station.

(16) Lambertville, N. J.—A temporary station was organized at this

place during the present year, for the first time, for the purpose of hatch-

ing shad eggs. Car No. 3, in charge of Mr. J. F. Ellis, fully equipped with

shad-hatching apparatus, was moved to this point early in June, where

it remained until the middle of July and met with fair success.

D.—Propagation op Carp.

(17) Monument Reservation, Washington, B. G.—The carp ponds were

established at this point in 1878, since which time large numbers of

scale, mirror, and leather carp have been produced. There have also

been grown in limited numbers goldfish, golden ides, and tench. Dur-

ing the present year the experiment was made of confining shad in one
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of the ponds throughout the summer, which proved successful. Mr.
Rudolph Hessel is in charge.

(18) Arsenal Grounds, Washington, D. (7.—This station is supplement-

ary to the Monument Eeservation Station, and has been used since 1878

for the cultivation of scale carp. It is in charge of Mr. Richard Lynch.

For information with reference to the actual work accomplished with

different species of fish and eggs at these various stations, the reader is

referred to a later portion of this report, where there will be found a

full list of species cultivated by the Commission and a statement of the

success attained with each variety.

3.—NEW HATCHING STATION PROPOSED.

In Colorado and elsewhere in the Rocky Mountain region there oc-

curs in considerable numbers the Rocky Mountain trout* (Salmo purpu-

ratus), which is deemed by ichthyologists much more worthy of propa-

gation in Eastern lakes and streams than Salmo irideus, as attaining a

larger size, being more active, and inhabiting a wider variety of waters.

Mr. Pierce, the Colorado Fish Commissioner, describes it as occurring

at the Twin Lakes, in Lake County of that State, of good size, and in

abundance sufficient to warrant artificial propagation. (The Twin Lakes

are 5 miles from Twin Lake Station, on the Denver and Rio Grande
Railroad, and 18 miles from Leadville.) He says: "It is rarely caught

at less than 2 pounds weight, and runs from that to 10 pounds. The
specimens I saw were 4, 5, 7, and 10 pounds, respectively." During

June of the present year he sent an agent to Twin Lakes, who put up a

hatchery at the foot of the lower lake with a capacity of 1,000,000 eggs.

He had no difficulty in procuring plenty of fish with a seine or in trap-

ping them between the lakes in large quantities. Only a few eggs were

secured during June, which led to the conclusion that the work should

have commenced earlier, rjerhaps in April. What eggs were obtained

were hatched, and about 1,000 of fry were removed to a pond at

the State hatchery at Denver. At the upper end of the smaller of

* Prof. D. S. Jordan says : I feci very sure that this trout is tho most valuable one

we have, and I would like to see it have a chance.

My preference for Salmo purpuratus over Salmo irideus lies in this: It reaches a

larger size, and from the extent of its distribution (every river and lake from South-

east New Mexico, Colorado, Dakota to Oregon and Kamchatka) it seems more
adaptable to a variety of circumstances and waters. It is a handsomer, more active

species. It is unquestionably different from S. irideus, having a larger moutb, teeth

on the hyoid bone, and especially much smaller scales.

From two red blotches under the chin, always present in life, I have suggested that

it bo called tho red-throated trout. It thrives in lakes. UtahLako is full of them,

and they run up the Provo River in such numbers that tho irrigating ditches scatter

them all over the meadows. The finest specimens I have seen arc those from Lake
Taboo, whore they reach 2f5 pounds weight. There is a lUtlo hatchory now at Tahoe

Citjr
, Nevada. This locality is tho best I know. Next I would place Provo, Utah.
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the lakes there is an abundance of spring water suitable for hatching.

The State of Colorado having made no appropriation for 1885-'86, the

use of the State hatchery was tendered to the United States Commis-

sion by Mr. Pierce, with the approval of Governor Eaton. Senator

Teller also manifested his interest and approval of the proposed work.

In addition to the State hatchery Mr. Pierce owns a private hatchery

of 300,000 eggs capacity, at which he raises trout for market.

Mr. Pierce was informed that the establishment of a trout-breeding

station in Colorado would be considered a very important auxiliary to

the work of this Commission, and that as early as practicable a recon-

naissance of the lakes, their location and surroundings, would be made
with a view to active operations. The actual equipment of the station

when once erected would be inexpensive, as the necessary apparatus is

now on hand. The matter remains in abeyance for future considera-

tion.

4.—VESSELS OF THE U. S. FISH COMMISSION.

A.—The Steamer Albatross.

The Albatross, under the command of Lieut.-Commander Z. L. Tan-

ner, U. S. 1ST., continued during the year to do valuable work in connec-

tion with the investigations and researches required of the Commission

by the Government.

At the beginning of the year all preparations for sea had been com-

pleted, and on January 3 the vessel left the navy-yard at Washington

and proceeded to sea under instructions to make a full and careful in-

vestigation of the food-fishes and fisheries of the Gulf of Mexico, includ-

ing a trip to the island of Cozumel off the coast of Yucatan, and a visit

to the New Orleans Exposition as a part of the display of the Fish Com-

mission. While in the Gulf Stream off and to the southward of Cape

Hatteras the weather was too rough to admit of much deep-sea research

or a satisfactory attempt to search for tile-fish, and the vessel was

finally run. out of the stream and headed for Key West, where she

arrived on the 9th. After lying there a few days the Albatross steamed

over to Havana, where the usual courtesies were extended by the officials

of the port, and in the vicinity of which some valuable scientific work

was done.

Leaviug Havana the vessel proceeded across the Gulf to the island of

Cozumel, making soundings and dredgings on the way, reaching the

island on the 22d of January, where she remained until the 29th, during

which time an investigation was made of parts of the island, especially

of the village of San Miguel, and numbers of birds and marine speci-

mens were obtained. Soundings were next made on the Campeche

Banks, but the examination of this region was cut short by sickness on

board, and the vessel proceeded to Pensacola, where a typhoid patient

was transferred to the hospital. Some investigations were made on the

lishing-banks off Cape San Bias in regard to the character of the bot-
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torn and the marine fauna, after which the vessel proceeded to New
Orleans, reaching there on February 13. Here from February 20 to

March 1 the Albatross was on exhibition at the exposition wharf, dur-

ing which time many thousands of people from all parts of the country

visited her and expressed great interest in what they saw.

On the 1st of March the steamer left New Orleans for Pensaco'la,

making soundings and dredgings on the way. From the 6th to the 19th

the time was occupied in an examination of the fishing-grounds and

fisheries off the west coast of Florida, especial attention being given to

the red-snapper banks off Cape San Bias, which were visited under the

guidance of Mr. Silas Stearns, of Pensacola. Capt. Joseph W. Collins

was also on board, and a fall account of the investigation will be found

n his report in the appendix. On March 20 the vessel arrived at Key
West, where coal was taken on and some necess ary repairs were made.

On the 30th the return passage to Washington was begun, and un-

successful attempts were made to take tile-fish. From the middle of the

Gulf Stream to the coast and for some distance up Chesapeake Bay a

line of soundings and a set of serial temperatures were taken, which are

likely to prove of great value in connection with the study of the move-

ments of migratory fish at this season. On the 0th o f April the vessel

was again at the Washington navy-yard, having made the entire cruise

without any notable accident or loss.

The next trip was made from June 2 to the 7th, being chiefly in search

for tile-fish off the mouth of the Chesapeake Bay an d along the coast

towards Cape Hatteras. None were taken, but much trawling and

dredging was done, and the naturalists obtain ed a considerable variety

of deep-water and surface forms of life.

The summer cruise of the Albatross was begun June 13, when she

left the Washington navy-yard under instructions to visit and make.an

examination of the Newfoundland Banks. Arriving at Newport, further

preparations were made for the cruise, and on the 17th she again pro-

ceeded to sea. Two reported shoals were sounded on, in accordance

with a request from the Bureau of Navigation, and their non-existence

was verified. Numerous soundings and inves tigations of the bottom at

various portions of the banks were made, with a vie w of furnishing data

for a contour map of the fishing-banks, while the usual examinations

were made to determine the biological conditions of the grounds. Some
torpedoes were exploded for the purpose of ascert aining the results on

the marine life of the vicinity. The vessel returned to Wood's Holl on

July 16, where she remained until August 6, making necessary repairs

and preparing for a fresh trip to the former tile-fish grounds.

During August and September two trips were made from Wood's

Holi, having for their principal object the investigation of grounds

where tile-fish were formerly found, and the taking of specimens of that

fish if possible. Much valuable scientific work was done in dredg-

ing, sounding, taking temperatures, and in investigating some of the
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more obscuro forms of marine life. No traces of tile-fish, however,

were found. The result of the search of the Albatross for this fish

during the year, taken in connection with the similar results of other

investigations made since 1882, by this vessel and others, seems to

indicate that the tile-fish have been entirely exterminated, or at least

have abandoned our coast. The search has been made for them with

much care, as they promised to be a fish of great commercial value, and
had been taken in considerable numbers during the seasons of 1880 and

1881, previous to the unprecedented destruction of the species in March
and April of 18S2.

On October 8 the A lbatross left Wood's Holl, and stopped at New-
port and New York, before going on a short trip of investigation off

the capes of the De laware and the Chesapeake and a little farther

south. On the 24th she returned to the navy-yard at Washington,

where she remained until the end of the year, engaged in refitting and
preparing for future work.

In the appended report of Captain Tanner on the work of the Al-

batross in 1885' will be found full details as to the officers and specialists

on board, as well as of the several trips made ; while added to his re-

port in general on the operations of the vessel will be found reports of

the navigator, engineer, surgeon, naturalist, and several valuable tables

containing statistical and other details.

B.—The Steamer Fish Hawk.

As stated in the report of 1884, Lieutenant Wood was relieved from

the command of this steamer December 31. Lieut. L. W. Piepmeyer

s ucceeded him at that date and remained in command throughout the

yea r. From the 1st of January to the 25th of April the vessel was
engaged in vario us duties in connection with the Havre de Grace

Station, and work in Chesapeake Bay. On the 7th of May the American
Fisher.es Society, which was holding its annual meeting in Washing-

ton, was invited to a trip upon the Fish Hawk to witness the shad

work at Fort Washington. The excursion occupied the entire after-

noon, furnishing the members ample opportunity for witnessing the

hauling of the seine and the manipulation of the eggs in the hatching

house. From the lGth to the 20th of May the vessel was moored at

Fort Washington and the crew were instructed in spawn-taking. She
then proceeded to the Delaware, arriving at Gloucester Point May 23,

and remained in those waters until June 10, visiting the fisheries and
collecting shad eggs. Of a total of 10,000,000 eggs, over 8,000,000 were

hatched and the fry returned to the Delaware Eiver. On the 11th of

June the steamer was placed on exhibition at Burlington to enable

those interested in the fisheries to inspect the process of handling and

hatching eggs. The vessel was then transferred to the Chesapeake for

the purpose of continuing shad work, where 4,500,000 eggs were ob-

tained and 1,370,000 young fish hatched. During August the Fish
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Hawk was at Saint Jerome Station assisting in the driving of piles on
each side of the entrance to the new channel which had been cut. In

September, after undergoing repairs at Baltimore, the vessel proceeded

to Wood's Holl, where she arrived on the 27th. She remained there

until the close of the year, performing such duties as were required in

connection with that station.

C.

—

The Steamer Lookout.

The Lookout was under the command of Mate James A. Smith
throughout the year. From January 1 to the 4th of February the ves-

sel was at Baltimore. On January 22 orders were issued to prepare

the steamer for a trip to the Gulf coast in order to make an investiga-

tion of the fisheries of the west coast of Florida and of the Gulf of

Mexico. Arriving at Cedar Keys, Florida, March 14, Assistant Com-
missioner Ferguson joined the vessel and thereafter directed her move-
ments. Among the places visited were Saint Joseph, Saint Andrew's
Bay, Pensacola, Key West, Apalachicola, Cedar Keys, Auclote Keys,
Clear Water Harbor, Tampa, Punta Rassa, and Havana. She returned

to Washington May 7, and after some repairs entered upon the shad-

hatching work on the Susquehanna and Delaware Rivers, and was so

occupied until June 5. During the first part of July the vessel made
various trips in Chesapeake Bay, and made an examination of the

Spanish-mackerel fisheries. On July 20 the Lookout arrived at Wood's
Holl. On the 29th a trip was made to No Man's Laud for swordnsh,

and on the 31st a trip was made to New Haven to obtain oysters for

us e in propagation at Wood's Holl. From the 12th to the 27th of Au-
gust the vessel was detailed to service with Mr. E. G. Blackford, a Fish

Commissioner of the State of New York, charged with investigating

oyster-beds of Long Island Sound and vicinity. A trip was made with

live fish from New York to Wood's Holl early in September. In Octo-

ber the Lookout was used to transport a large quantity of specimens to

the Peabody Museum, New Haven, Conn., for investigation by Profess-

or Verrill, after which, service was performed in Chesapeake Bay in

conn ection w7ith the stations located there. The close of the year found

the vessel laid up in Baltimore.

D.

—

The Schooner Grampus.

In my report for 1884 mention was made that an appropriation of

$14,000 had been asked for from Congress to build a vessel for a spe-

cial purpose—that of transporting living fish from the oceanic fish-

ing-grounds to the main station at Wood's Holl, Mass. The pos-

sibilities of artificial propagation, so far as sea-fish are concerned,

seemed almost limitless, provided an ample supply of fish, such as hali-

but, cod, mackerel, &c, could be obtained. It is only possible to get a

supply of these by using a smack containing a well, and the possession
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of such an adjunct has been considered a very important matter to the

Commission.

The appropriation was made by Congress, and shortly afterwards, on

his return from a cruise on the Albatross to the Gulf of Mexico, Capt.

J. W. Collins began work on the model and plans for a vessel. It had

been previously determined that a schooner-rigged sailing vessel of

about 80 tons net register would be best adapted to the require-

ments of the Commission. The whole matter of designing her in all its

details of model, interior arrangement, rig, &c, was placed in the

hands of Captain Collins, who for several years past has made a spe-

cial study of the fishing vessels of Europe and America. His studies

and experiences have led him to believe that the fishing boats in use on

our New England coast have heretofore been more or less faulty in

model and rig for the special work which they have to perform, particu-

larly in the winter season. Therefore, in designing this vessel for the

Commission, an attempt has been made to produce anew and improved

type of fishing schooner, one which would not only possess the best

qualities of the clipper craft now employed in the New England fish-

eries* but would also be much more seaworthy. It is believed by
those who have had the best opportunities for studying the question

in all its bearings that the fishing schooners built during the past quar-

ter of a century or more have generally been too shallow to insure re-

quisite safety when exposed to gales, and that they are liable to be

capsized by heavy seas. Sin ce their center of gravity is not sufficiently

low to enable them to right again, the consequence is that they have

frequently filled and sunk with all on board.

The loss of life and property from this cause has on many occasions

been enormous, and it is apparent that any improvement in the model

of our fishing schooners which can obviate these distressing circum-

stances will be a great blessing to the fishing interests. The vessel de-

signed by Captain Collins, for which the name of Grampus has been

selected, has been made 2 feet deeper than the fishing schooners of

the same length are usually built, and therefore should be very much
safer, since her ballast can be placed lower and her stability corre-

spondingly increased. In several other respects besides that of depth,

the Grampus differs from the typical fishing schooner: First, instead

of having a raking stem and a long projecting cut-water, her stem is

nearly straight and perpendicular above water and curves away at an

easy slope to join the keel below load-line. This is believed to be quite

an important improvement, since the long cutwater, which is liable to

be broken oft by a heavy sea or otherwise damaged and thus become a

source of constant expense, is dispensed with. At the same time, with a

given length over all, the length of the load-water line is increased 4

or 5 feet at the bow ; consequently the entrance can be made much
easier and the buoyancy on the water-line forward increased. This

change, everything else being equal, should produce a vessel that would
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be swifter and dryer than one of the common forms. Second, the after
section has been made different from that of the ordinary fishing craft.

The run of the latter is commonly hollowed out very much, leaving the
quarters and counter very flat, while the horizontal lines in this part of
the vessel are generally a series of very abrupt curves. The after sec-

tion of the Grampus, while preserving a general semblance to that of a
fishing schooner, has much easier lines, and the stern has a greater
rake, which gives it a more symmetrical appearance and will enable the
boat to run easier in a seaway.

The rig of the Grampus differs from that of fishing vessels generally,

n having all wire standing rigging and in carrying a fore-staysail and
smalljib instead of the large jib which is almost universally used. This
change in the head sails makes it possible, when a vessel is obliged to

reef in heavy weather, to keep the center of effort of the sails nearly

in its proper place and insures the easier management of the craft.

The ship was "laid down" and her molds were made by Mr. D. J.

Law lor, of Chelsea, Mass., who is widely known as an eminent naval

architect, and who also gave Captain Collins considerable mechanical

assistance iu the preparation of the plans, &c.

Owing to the fact that it was found necessary to have Captain Col-

lins go off on a cruise to the Eastern fishing-banks the work of prepar-

ing the plans for the Grampus was considerably delayed. However,
the plans and specifications were completed early in September and
bids were advertised to be received on September 22. The number of

bidders was five, their proposals ranging from $9,300 to $17,000, as

follows :

David Clark, Kennebunkport , Me $17,000
James D. Leary, Brooklyn, N. Y 13,440

Arthur D. Story, Essex, Mass 9,500
Bishop & Murphy, Gloucester, Mass [), 500

Robert Palmer & Sons, Noank, Conn 9,300

The lowest bid was received from the firm of Eobert Palmer & Sons,

Noank, Conn., and the contract was awarded them, they entering

into it on October 6. The bid given by Palmer & Sons was for build-

ing the hull and furnishing the spars only. A separate contract was
awarded Messrs. E. L. Eowe & Son, of Gloucester, Mass., to rig the ves-

sel and furnish her with chains, anchors, sails, and top iron-work com-
plete for the sum of $1,913.

Work was commenced on the vessel's hull as soon as practicable after

the contract was completed, and at the close of the year reasonable prog-

ress had been made, though considerable delay had been incurred on
account of inclement weather. The frame and outside planks are of

oak ; she is ceiled with yellow pine ; fastened with copper and yellow
metal below water-line and with galvanized iron elsewhere.

The well is of a unique pattern for a large smack and is specially

adapted for the needs of the Commission. It is nearly in the center of
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the schooner and is cone-shaped with the base at the bottom of the ves-

sel and the apex at the deck, being what is commonly termed a " box-

well." It is 10 feet long by 8 feet wide at the base, and 4 feet long by

2£ feet wide at the top, which is flush with the deck. This form of well

makes it possible to reach any fish that may be in it from the deck,

without difficulty, and obviates the necessity which might occur of

grounding the vessel when the contents of the well are to be removed.

Besides carrying on the work which has been mentioned it has been

thought desirable to have the Grampus make experimental trials with

the great beam-trawl which is so extensively used in the fisheries of

Europe, iu order to ascertain whether this form of apparatus can be

profitably employed in the commercial fisheries of the United States.

To handle this properly and successfully it is necessary to have steam

power. The question of what form of steam apparatus would be best

adapted to this work was referred to Lieut.-Commander Z. L. Tanner,

U. S. N., commanding the steamer Albatross. After due consideration

he decided that a steam windlass would be the most suitable, and a con-

tract for making the same was awarded the American Ship Windlass

Company, of Providence, E. I., and the apparatus was completed early

in December. Passed Asst. Eng. I. S. K. Eeeves, U. S. N., consulting

engineer of the Commission, has been given charge of obtaining and

putting on board the steam-boiler, steam-pump, water-tanks, and the

necessary piping, &c, connected with the operation of the steam ap-

paratus and water-tanks. This work will be accomplished with as little

delay as possible, and the introduction of the steam windlass apparatus

will conform as nearly as may be with the completion of the vessel's

hull.

E.—Other Vessels.

In addition to the sea-going vessels already named, the Commission is

provided with six steam launches, which are used either as attendants

to the above-named steamers or for towing barges, transporting eggs

and fish, or for miscellaneous work in connection with the stations. The

list is'as follows

:

Albatross cutter, 26£ feet long, 7 feet beam, and 3| feet deep.

Albatross gig, 25 feet long, 5^ feet beam, and 3^ feet deep.

Fish Hawk launch, 24£ feet loug, 5| feet beam, and 3f feet deep.

Cygnet (No. 82), 33 feet long, 8£ feet beam, and 4 feet deep.

Launch No. 68, 37 feet long, 7 feet beam, and 3 feet deep.

Launch No. 55, 30 feet long, 7f feet beam, and 3 feet deep.

The two last-named launches are attached to the Havre de Grace

Station, while the Cygnet has been in service alternately between Havre

de Grace and Wood's Holl.

Launch No. 08 and launch No. 55 are the property of the Navy De-

partment, and have been loaned to the Commission by the courtesy of

the Bureau of Equipment and Recruiting.
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F.

—

Assignments op Naval Officers.

The list of changes in the assignment of naval officers connected with

the service of the Fish Commission, either on vessels or on shore, has

been as follows

:

On April 13 the apothecary of the Fish Hawk, Mr. J. Alban Kite, re-

signed his place and was succeeded by G. F. Nelson, M. D., on appoint-

ment of Surgeon-General F. M. Gunnell.

On April 22 Ensigns E. H. Miner and L. M. Garrett were detached

from the Albatross.

On July 31 Passed Assistant Engineer W. L. Bailie was retired from

service, and Passed Assistant Engineer I. S. K. Eeeves was transferred

from the Fish Hawk to fill the vacancy in shore duty at Wood's Holl.

On August 17 Engineer S. H. Leonard was ordered to the Fish

Hawk.
On September 30 Lieut. H. S. Waring was ordered to duty on the

Albatross.

On November 4 Ensign Franklin Swift, and on November 10 Lieut.

A. C. Baker, were detached from the Albatross.

On December 3 Ensign W. J. Maxwell reported on board the Fish

Hawk for duty.

On December 12 Lieut. 0. J. Boush was detached from the Albatross.

On December 21 Lieut. Bernard O. Scott reported for duty on the

Albatross.

I regret to record the loss of the services of Passed Assistant En-

gineer William L. Bailie, who in February, 1884, was ordered to duty

with the Commission in connection with the steam engineering work of

the Wood's Holl Station, being transferred from the steamer Fish Hawk.
The efficiency and completeness of the work at the station is due in

large part to the ingenuity exhibited by him in planning the necessary

arrangements and combinations and in carrying them out.

His services, also, in connection with the steam engineering and
plumbing work of the Fish Commission cars, of the Central Station at

Washington, and at the United States carp ponds, &c, have been of

very great importance.

In consequence of physical disability Mr. Bailie was placed on the re-

tired list of the Navy on July 1, 1885, which, of course, relieved him from

official duty with the Commission. He, however, volunteered his serv-

ices in connection with the completion of the work, and remained at the

station until September 1G, when he left to take up his abode in Balti-

more.

5.—CARS OF THE U. S. FISH COMMISSION.

The history of the construction and use of these cars has been de-

tailed in previous reports, and need not here be repeated. The cars

are as follows

:

No. 1, constructed in 1881, now in charge of Newton Simmons.
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No. 2, constructed in 1882, now in charge of George H. H. Moore.

No. 3, constructed in 1884, now in charge of J. F. Ellis.

These cars are in active service about six months of the year. Dur-

ing the remainder of the time they are stored in a shed erected for the

purpose near Central Station, and the crews furloughed. In all the

miles of travel, now aggregating many thousand, no serious accident has

ever happened to any of these cars, if we may except a slight "smash-

up" in Canada a few years ago, which damaged the end of one car,

but injured none of the occupants.

As has been stated on a previous page, the experiment of using a car

as a temporary hatchery was tried at Lambertville, N. J., with good

results.

One of the cars was displayed at the New Orleans Exhibition, with

its load offish and eggs, and excited great interest.

6.—COURTESIES EXTENDED TO THE UNITED STATES FISH COMMISSION.

A.—By the Government.

Treasury Department—Secretary's Office.—The Acting Secretary,

C. S. Fairchihl, granted a permit May 1 for taking seals at the Priby-

lov Islands. On September 5 he directed the collector of customs at the

port of New York to render facilities in connection with the landing of

soles imported from England for the purposes of propagation. On the

6th of November the order to the collector at New York was made
general to cover all importations offish and eggs in behalf of the United

States Fish Commission.

On the 16th of December the Department issued a circular to all col-

lectors of customs at ports where fishing vessels are documented, re-

questing them to co-operate with the Fish Commission in obtaining

statistics of the ocean fisheries.

Light-House Board.—This Board has continued to assist in securing

ocean-temperature observations at thirty-five light-houses and light-

vessels along the Atlantic coast. A list of these light-houses will be

appended to this report. On June 15 the Board granted for the sum-

mer the use of the old laboratory building at the Wood's Holl buoy

department, which has been previously of much service to the Commis-

sion. With the completion of the new buildings, however, the present

season is probably the last that this courtesy will be desired.

Coast Survey.—Frequent calls have been made upon the Coast Sur-

vey for tide-tables, maps, and charts for use on the different vessels and

at the stations of the Commission, which have been supplied very cour-

teously. On July 2 it lent a set of hydrographic charts, to be copied

and used in studying the movements of mackerel, menhaden, and other

fish along the coast, thus saving a large amount of original work. The
Superintendent of the Survey on May 14 offered to lend the schooner

Matchless, but it was found unnecessary to accept the offer.
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Life-Saving Service.—As in several preceding years, the keepers and

patrolmen have reported the stranding of marine animals, and co-oper-

ated with representatives of the Smithsonian Institution in securing

specimens for study and exhibition. Among the valuable accessions

was a pigmy sperm-whale, reported on January 1 by James B. Hobbs,

keeper of Kitty Hawk, JST. C.

Another accession was found on the beach near High Head L.-S.

Station by Mr. B. C. Sparrow, superintendent of the Second L.-S. Dis-

trict, and proved to be the so called "dish-rag gourd" (Luffa wgyptica).

October 24 Joel Eidgway, keeper of Barnegat L.-S. Station, reported

a whale (Kogia breviceps) ten feet long, stranded near the station.

War Department.—Permission to use the facilities at Fort Wash-

ington for the purpose of hatching shad has been continued during the

present year.

Signal Office.—General Hazen has continued to furnish weather indi-

cations to Wood's Holl during the summer season, as well as to the

steamer Lookout during its trip along the southern coast and the Gulf

of Mexico.

Navy Department.—The officers and crews of all the vessels of

the Fish Commission have been furnished by the Navy Department dur-

ing the year, and the facilities of various navy-yards, particularly that

at Washington, have been extended to the Commission.

Bureau of Construction and Repair.—The launches Nos. 55 and 68

have been furnished for several years, and their loan was continued

during the present year.

Bureau of Steam Engineering.—On November 11 Commodore Charles

H. Loring granted the loan of some tools for use at Havre de Grace

and at Wood's Holl.

Bureau of Equipment and Recruiting.—Coal was furnished to the Fish

Commission vessels upon requisition, at contract prices, as in preceding

years.

Inter ior Department—Patent Office.—The Official Gazette of the

Patent Office has been supplied weekly, as heretofore, and specifica-

tions and drawings of all patents relating to fish aud fishing apparatus

as issued.

Senate and House of Eepresentatives—Folding-Rooms.—The
superintendents of the Senate and House folding-rooms kindly con-

sented to envelop the quarto report, which was issued in two volumes

December 20.

Health Office of the District of Columbia.—Statistics of

the Washington fish-market have been furnished in monthly tables, as

in previous years. These have been compiled and published in the

Fish Commission Bulletin.

B.—By the Railroad Companies of the United States.

The courtesies extended by the railroad managers have been : (1)

The transportation of Fish Commission cars gratuitously over several
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thousand miles of road; (2) the transportation of Fish Commission cars

at the rate of 20 cents per mile over an even greater number of miles

of road
j (3) permission to carry fish and eggs in baggage-cars of pas-

senger trains, and for the attendants to enter the cars for the purpose

of caring for the fish ; and (4) furnishing such repairs as have been

needed to the cars at the shops of several companies, notably the Penn-

sylvania Railroad and the Baltimore and Ohio Railroad. A list of the

roads furn ishing free transportation, and also of those furnishing trans-

portation at the 20-cent rate, will be appended to this report. It may
be well to explain that the 20-cent rate is a very large reduction upon

rates charged for hauling private cars. For instance, for hauling a pri-

vate car from Philadelphia to Pittsburg the Pennsylvania Company
would charge eighteen full fares, or $180, while for hauling the Fish

Commission car it would charge 20 cents per mile, and as the distance

is 3.~>2 miles the charge would be $70.40, which is $109.00 less than the

charge to private parties for the same service.

C.

—

By Foreign Steamship Companies.

The foreign steamship companies have continued their liberal treat-

ment of the Commission by free transportation of fish and eggs. The

extent to which these facilities have been furnished will be seen by

reference to the list of courtesies extended to and received from foreign

countries, to be stated hereafter.

D.—Courtesies prom Foreign Countries.

Germany.—On February 24 there were received from the Deutsche

Fiscberei-Verein 40,000 eggs of the brown trout {Salmo fario). From
this lot, one-half of which were consigned to Mr. Blackford, about 19,000

fry were secured.

On January 30 a box of 50,000 eggs of Coregonus albula was received

in New York and repacked by Mr. Mather and forwarded to the Bucks-

port Station.

On November 5 there were received by steamer Elbe 10 macropods

or paradise-fish, from Paul Matte, fish-culturist, Lichterfelde, Germany.

These were received in New York by Mr. Blackford, who transferred

them to his aquarium in Fulton Market pending their final disposition.

They had, however, been so exhausted by the journey that in a few

days all had died. Mr. Matte sent these fish with the hope of procur-

ing American ornamental fish in exchange, his collections including

representatives from many parts of the world.

England.—Persistent efforts have been made during the present year

to safely transport soles. On September 10 an installment from the

National Fish Culture Association of England arrived per steamer Re-

public in care of Mr. W. T. Silk, but all the fish had died in the pas-

sage from Liverpool to New York.
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The Marquis of Exeter, who is president of the National Fish Cult-

ure Association, had interested himself in the success of this ship-

ment, and had kindly placed at the command of the National Fish

Culture Association his private fish culturist, Mr. Silk, in order to in-

sure the best possible results.

In his letter of September 25 Mr. W. Oldham Chambers, secretary

of tbe National Fish Culture Association, said that complete arrange-

ments had been made by him for catching soles on the Essex coast.

Tbey were deported from the boat at Harwich to Liverpool by special

van in charge, of a qualified attendant, who, on arriving at Liverpool,

handed the fish over to Mr. Silk in perfect condition. Mr. Chambers
further says : " I fear their loss was due to the fact that Mr. Silk placed

the fish in the public baths at Liverpool, which is not only brackish, but

fall of impurities, naturally fatal to deep-sea fishes- like soles. My
council desire me to express their deep regret at the ill-fortune attend-

ing their endeavors to further the acclimatization of flat-fish in the

United States, but at the same time wish me to assure you that they

will take an early opportunity of renewing the experiment notwith-

standing the recent failure, caused more from wrong treatment than

from inherent incapaci ty on the part of the fish to withstand the strain

of transportation."

On October 8 Mr. Thomas J. Moore, curator of Liverpool Museum,
with the aid of Mr. W. A. Duncan, forwarded to Mr. E. G. Blackford

12 soles by the steamer Britannic, Capt. Hamilton Perry, of the White
Star Line. These were received October 19 and presented to the Fish

Commission. The 9 soles which reached New York alive were immedi-

ately sent to Cold Spring Harbor to be cared for until arrangements

could be made to transport them to Wood's Holl in safety. From the

time of arrival at Cold Spring Harbor, October 20, Mr. Mather made
observations upon their habits, and reported them doing well until De-

cember 30, when the soles, together with a large installment of cod

eggs, were frozen to death during a violent storm. An important feat-

ure of Mr. Moore's method was the use of six Mortimer ship aquaria

containing 2 soles each. The bottom of the glass globes in which the

fish were placed was covered with an inch or two of sand. The soles

buried themselves therein and no chafing resulted. This shelter imi-

tates quite well their native, habitat.

On October 24 an installment of 500 soles was sent from Liverpool,

by the Cunard steamer Gallia, in charge of Mr. William Little, of 32

Seratton Load, Southend, Essex County, England. These soles were

taken off Norwich and transmitted by rail to Liverpool, where Mr. W.
Oldham Chambers, secretary of the National Fish Culture Association,

made arrangements for their reception and transshipment. The steamer

arrived at her dock in New York on the morning of November 3. Mr.

Blackford and Mr. Mather were there with a tug and suitable cans to

receive them, but were greatly disappointed to find that most of the
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fish had died when the steamer was only two days out, and the remain-

der a few days later. They had been placed in several casks, without

sand upon the bottom of the vessel. Consequently the soles, lying right

upon the bottom, were very much chafed at their heads and tails. Mr.

Little, the attendant, was selected because he was the fisherman who
had caught these soles, and he was able to give information with regard

to their habits, food, and movements. As the basiDS at Wood's Holl

had been prepared for the reception of this large shipment, and the

steamer Lookout had been sent to New York to convey them to Wood's

Holl, and the facilities already alluded to had been secured from the

custom-house, the bitter disappointment at the loss of the outire 500 fish

may be readily understood.

Scotland.—On January 2, 100,000 eggs of Loch Leven trout (Salmo

levenensis) were received from Sir James Gibson Maitlaud, of the Howie-

toun fishery, Stirling, Scotland.

7.—COURTESIES TO FOREIGN COUNTRIES.

Scarcely a year has passed since the organization of the Commission

in which there has not been one or more transmissions of fish or eggs

to foreign countries in response to requests made in behalf of their re-

spective Governments. While in a few instances failure has resulted,

the general success has been such as to lead to renewed demands. The

present year has witnessed greater activity in this direction than in

preceding years. As will be seen from the preceding paragraphs as

well as from other reports, suitable returns have been made to the

United States by several countries furnishing the Commission with fish

or eggs of fish new to the United States.

The Commission has been called upon to extend courtesies to foreign

countries in the way of imparting information upon the methods and

success of American fish -culture, and accredited representatives of

other Governments have been accorded the facilities of the office in

Washington and of such stations as they chose to visit for the purpose

of examination. The reports and bulletins of the Commission, notably

the quarto report which appeared during the present year, have been

very greatly sought by foreign fish-culturists, and so far as possible

their wishes have been met. Scarcely a week has passed without re-

ceiving letters from such persons making inquiries with a view to in-

creasing the efficiency of their work. These letters, whether received

through the State Department or direct, have been answered promptly

and as fully as practicable.

An interesting correspondence was held with Juan de la C. Cerda,

Chilian consul-general at San Francisco, who was commissioned by the

Chilian Government to secure California salmon eggs for Chili. The

Chilian Government called upon this Commission to recommend a suit-

able person to take charge of the introduction of salmon into Chili, and

it gave me much pleasure to nominate Mr. Livingston StoiiQ. The
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year closed without any decisive answer having been received to Mr.
Stone's proposition. A statement of what is hoped to be accomplished
by the Chilian Government will be found in the Fish Commission Bul-

letin of 1885, page 247.

There has been considerable correspondence with a view to transmit-

ting shad to Holland, but the apparatus for accomplishing this result

with so delicate a species has not yet been perfected sufficiently to war
rant making the effort.

The species covered by the transmission of fish or eggs of the present

year include whitefish, rainbow trout, brook trout, Penobscot salmon,

landlocked salmon, catfish, carp, bass, red-eye perch, and suckers.

The list of countries to which transmissions have been made includes

Australia, Brazil, Canada, England, France, Germany, Mexico, Tbe
Netherlands, Scotland, and Switzerland.

Australia.—On January 5 there was forwarded from the Xorthville

Station, in charge of special messenger as far as Council Bluffs, 1,000,000

whitefish eggs, consigned to the Ballarat Acclimatization Society, W.
P. Whitcombe, president. The eggs were received in San Francisco by
Mr. Robert J. Creighton, agent for the New Zealand Government,
who placed them safely on board the Pacific mail steamer. Bis son,

Mr. Charles Creighton, reported that the eggs reached Sydney in good
condition, but while on the steamer plying between Sydney and Mel-

bourne they were subjected to a rise in temperature which destroyed

the entire lot before reaching their destination.

Brazil.—On March 28, 100 carp were sent to Preston A. Eambo, care

of John C. Uhler, M. D., Baltimore, who left for Bio Janeiro March 30.

The carp were from one to two inches in length, and being in charge of

an attendant doubtless reached their destination in good condition,

although nothing definite has been heard.

Canada.—Duriug December of the present year applications for carp

were received from twenty residents of the Dominion of Canada. As
it was too late to supply them in 1885 the applications were held over

for consideration in 1886.

England.—Eggs of whitefish, lake trout, Atlantic orPenobscot salmon,

brook trout, landlocked salmon, and rainbow trout have been sent to

Great Britain during the present year, the transportation being furnished

free of charge by the Cunard Line.

The following shipments have been made to the National Fish Culture

Association, South Kensington, London, England, care of Hon. Edward
Birkbeck, M. P., vice-president of the association: On January 14,

250,000 eggs of the whitefish and 30,000 eggs of the lake trout were

shipped by steamer Gallia, Mr. W. Oldham Chambers, secretary to

the association, under date of February 10, announcing the arrival

of the eggs in excellent condition, the rate of mortality being remark-

ably low. On February 4, 30,00J eggs of the Atlantic or Penobscot
salmon were shipped by steamer Scythia, these also arriving in excellent
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condition, the death rate being under 1 per cent. On February 11,

25,000 brook trout eggs were sent by steamer Servia, their safe arrival

being announced February 25. On March 27, 30,000 landlocked salmon

eggs were transported by steamer Bothnia, and on April 18, 5,000 rain-

bow trout eggs were sent by steamer Servia. Mr. W. Oldham Chambers,

in presenting the thanks of the association for the salmon and trout

forwarded during the present year, reports that they " were hatched

out at South Kensington with a very low minimum of mortality, and

the fry were in due course transferred to our fish-culture establish-

ment at Delaford Park, where they continue to thrive."

On October 20, 1885, Mr. W. Oldham Chambers wrote, " The propa-

gation of whitefish this year having proved such a great success, we
are particularly desirous of making a special feature of this species

next year."

On the 11th of April a consignment of 10,000 rainbow trout eggs was
sent by steamer Devonia, of the Anchor Line, to the same address.

These also arrived in good order.

Concerning the above, Land and Water of February 28, 1885, says:

Foremost among the most interesting consignments of eggs which have been

received from abroad are a large number of ova of various kinds'forwarded by the

American Government, through their Fishery Commissioner, Professor Baird. The
United States Government has been most liberal in its presents of fish eggs, and

English pisciculturists owe it a hearty vote of thanks for gi ving the National Fish

Culture Association an opportunity of carrying on experiments with a view of ascer-

taining whether the introduction of certain fish from American waters into our

English, Irish, and Scotch rivers and lakes can be practically and advantageously

carried out.

On June 20 there were sent by the steamer Brita nnic, of the White
Star Line, 50 catfish to the National Fish Culture Association. Under
date of July 10 the secretary, W. Oldham Chambers, stated that 48

had arrived in safety and been placed in the establis hment at Delaford

Park. The London Globe of July 11 notices the fact and pronounces

them of great economic value.

In October Mr. W. T. Silk, who had accompanied the consignment of

soles alreadjT referred to,, took back with him to Eugland, for the Mar-

quis of Exeter, 250 black bass and 50 red-eye perch; and for the National

Fish Culture Aquaria at South Kensington, 20 suckers, all of which had
been forwarded from the Wytheville Station.

France.—On March 1, a package of 10,000 rainbow trout eggs from

Wytheville Station reached New York. These were presented to Mr.

E. G. Blackford, who forwarded them to the Society of Acclimatiza-

tion, Paris.

By steamer Am6rique, on July 18, Mr. Blackford sent six cans con-

taining 100 catfish (Amiurus nebulosus) to Havre. Of these 50 were

forwarded to W. Coleman Burns, who received them at Paris in excel-

lent condition. The other 50 were for the Society of Acclimatization,

whose secretary reported under date of July 29, the receipt, in perfect

condition, of 41 specimens.
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Germany.—During the present year the eggs of whitefish, brook trout,

landlocked salmon, and rainbow trout have been shipped to Eerr von
Behr, president of the Deutsche Pischerei-Verein, care of Mr. Busse, of

Geestemtinde, by the North German Lloyd Steamship Company. This

line transported the eggs free of charge. I regret to say that three con-

signments intrusted to the steamer Eider arrived in bad, if not totally

worthless, condition. As a rule this company has been successful with

the eggs committed to its care.

On January 10, 3,000,000 whitefish eggs were shipped by the steamer

Salier, the eggs arriving in Geestemtinde in good order, but by some
misunderstanding half of them were shipped from there to Switzerland.

An additional lot of 1,000,000 whitefish eggs was sent on February 20

by the steamer Eider, but arrived in bad condition. On reaching

Geestemtinde no ice was found in the boxes.

The 40,000 brook-trout eggs shipped on February 7 were well cared

for by the steamer Fulda and arrived at Geestemtinde in good order.

On the 30th of March a lot of 40,000 landlocked salmon eggs and

10,000 rainbow trout eggs were shipped by steamer Eider. As was the

case with the whitefish eggs shipped on the 20th of February, there

was a lack of ice in theboxes and all of the rainbow trout and nearly all

of the landlocked salmon were lost. Mr. F. Busse, of Geestemtinde,

under date of April 12, 1885, reports that the consignment of fish eggs

arrived without any ice whatever, even the boxes being dry. The
Salmo irideus had actually decayed, and not a single egg could be dis-

tinguished on the frames. The landlocked salmon on their arrival were

found to be considerably developed, some young fish having already

slipped out of the eggs.

On June 16, 50 live catfish were sent to the Deutsche Fischerei-Ver-

ein by steamer Ems. On July 17 Count Max von dem Borne reported

that 49 had arrived safely at Berneuchen.

The last-named gentleman having expressed a desire to introduce

into the fish-ponds of Berneuchen the wild-rice {Zizania aquatica), a

bushel was obtained from Valentine Brothers, Janesville, Wis., and

forwarded to him. On September 7 he reported that the seeds failed

to germinate.

Mexico.—On March 14 the Fish Commission representative at New
Orleans delivered to Dr. Barroeta a pail of 25 carp, to be taken by him

to Mexico, the smallest and strongest carp of the different varieties

being selected.

On April 6 Dr. Barroeta reported that 14 reached their destination

alive. On that date he forwarded a second installment. On October

13 Senor Esteban Chazari, of the City of Mexico, made a request for

carp and lake trout eggs. Carp four months old to the number of 800

were forwarded by Wells, Fargo & Co.'s Express, via El Paso, Tex.,

on the 4th of December, and on the 26th Mr. Chazari received them in
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good condition. On January 18, 1880, 25,000 lake trout eggs were for-

warded to him, but were unfortunately received in poor condition.

The Netherlands.—On March 10 Mr. E. G. Blackford forwarded 5

black bass to Dr. C. Kerbert by steamer Edam, Captain Taat. On

April S Dr. Kerbert reported their safe arrival. On July 7 Dr. Ker-

bert acknowledged the receipt of 30 catfish which had also been sent

by steamer Edam through the assistance of Mr. Blackford.

Scotland—On April 4, 20,000 landlocked salmon eggs were for-

warded to the Tay District Salmon Board, care of John Anderson &
Sou, Edinburgh, by steamer State of Pennsylvania, of the State Line.

A very courteous letter of thanks was received from Vice-Admiral W. H.

Maitland Dougall, R. N., writing in behalf of the Tay District Salmon

Board, but definite statements concerning the condition of the eggs on

arrival are lacking. On April 18, 10,000 rainbow trout eggs were

shipped by steamer Devonia, of the Anchor Line, to Sir James Gibson

Maitland, of the Howietoun fishery. These arrived in good condition.

Switzerland.—As has already been stated, one-half of the million

whitefish eggs sent January 8 to the Deutsche Fischerei-Verein were

forwarded to Switzerland. Under date of February 19 the Swiss min-

ister, Hon. Emil Frey, stated that the eggs reached Berne in fine condi-

tion and had been distributed to hatcheries at Zurich, 50,000 ; Berne,

100,000; Lucerne, 50,000; Zug, 50,000; Grisons, 100,000; Vaud,

100,000 ; and Geneva, 50,000.

8.—SERVICES RENDERED TO OTHERS.

On the night of Saturday, September 5, the steamer Monohanset,

belonging to the New Bedford, Vineyard and Nantucket Steamboat

Company, ran aground on a bar in the Great Harbor at Wood's Holl,

about 200 yards from the railroad depot. The occurrence took place

about 11 o'clock at night, and the vessel had on board about five hun-

dred passengers, who had been to Cottage City to witness the annual

illumination, and who were to take a train about midnight to Hyannis.

Although there was no danger in the occurrence, the probability of

a long detention through the night was not comfortable to contemplate,

and the case havingbeen brought to my notice I authorized and directed

the steamer Lookout and the steam launch, having a large scow in tow,

to proceed at once to the scene. In two trips of the vessels the en-

tire party was landed on the dock ; and the cars being rapidly filled,

the train proceeded to its destination.

The company, appreciating the services rendered, transmitted the fol-

lowing communication :

New Bedford, September 7, 1885.

Dear Sir: Please accept our thanks for the valuable service rendered ua in land-

ing the passengers (something over lour hundred) from the steamer Monohanset,

ashore at Wood's llo I! Saturday night, and for other assistance rendered. It was a

rainy and disagreeable night, and it wax a great re! id' to the largo number of passen-
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gers when you came to their aid, taking them from the steamer and landing them on

the wharf at Wood's Holl safe at midnight.

If we can hereafter serve you in any way please advise us, as we desire to show our

appreciation for wliat you have done for us.

Very respectfully yours,

EDW. T. PIERCE,
Agtynf.

Prof. S. F. Baird,

U. S. Fish Commission, Wood's Holl.

9.—PARTICIPATION IN INTERNATIONAL, EXHIBITIONS.

A.—London, 1883.

The history of our connection with the great International Fish-

eries Exhibition, at London, has already been given in preceding reports.

In 1885 the medals and diplomas which had been awarded to the U. S.

Fish Commission arrived, the list of which is as follows

:

Rigged models of fishing-vessels : Gold medal.

Mackerel and herring nets : Diploma.

Exhibit of artificial flies : Gold medal.

Fish transporting car : Silver medal.

Model of lobster-boiling establishment : Gold medal.

Collection of piscicultural exhibits : Gold medal.

Collective exhibit of invertebrata : Gold medal.

Whale-bone : Gold medal.

Enlargement of photographs and drawings illustrating fishing pursuits: Gold
medal.

Collection of primitive fishing tackle, modern sea-fishing lines, gear, and hooks:

Gold medal.

Collective exhibit of publications relating to the fisheries : Gold medal.

Herring smoke-house, collective exhibit of appliances : Silver medal.

Model of menhaden oil and guano factory : Gold medal.

Collection of oils, &c. : Gold medal.

Collective exhibit of fishery products: Gold medal.

General exhibit offish-eating birds and mammals: Gold medal.

Collection of dredge exhibits : Silver medal.

Photographs of fish-culture : Silver medal.

Collective exhibit of deep-sea exploration apparatus: Gold medal.

Collective exhibit of boats : Gold medal.

Builders' models of fishing vessels : Gold medal.

Purse-seine net : Gold medal.

Collection of dry-salted fish : Diploma.

Collective exhibit of fish : Gold medal.

B.—New Orleans, 1885.

The U. S. Fish Commission, in 1885, participated in the World's In-

dustrial and Cotton Centennial Exposition at New Orleans, sending

exhibits to illustrate the fisheries, fish-culture, and deep-sea research.

The Board of Government Commissioners, appointed by the President

in 1884 to make arrangements for a general Government display at the

Louisville, Cincinnati, and New Orleans exhibitions, included Mr. G.
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Brown Goode, Assistant Director of the IT. S. National Museum, who
was charged with the preparation of an exhibit from the Smithsonian

Institution, the National Museum, and the IT. S. Fish Commission.

In the fall of 1881 the collections were shipped from Washington and

duly installed at New Orleans soon after the opening on December 10,

1884. The exposition continued till May 31, 1885. Mr. Goode being

obliged to return to Washington, the care of the collection was given

to Mr. R. Edward Earll, of the Fish Commission, who was assisted by
Colonel McDonald and others.

The exhibit of fisheries and fish-culture occupied 2,345 square feet of

the 24,750 square feet allotted in the Government buildings to the gen-

eral display of the Smithsonian, National Museum, and Fish Commis-
sion. The collection included some of the exhibits which had previously

done service at Berlin and London. Among the objects displayed were

about one hundred and fifty photographs, size 30 by 40 inches, illus-

trating the apparatus and methods employed in the sea and river fish-

eries of this country, and a collection of models in plaster of the prin-

cipal fresh and salt-water food-fishes of the United States.

A series of diagrams and tabulated statements, prepared by Prof.

W. O. Atwater, showed in an instructive manner the relative food

qualities of the leading food-fishes compared with other foods.

A full-sized whale-boat, with complete outfit ready for the chase, was
an attractive exhibit.

Colonel Marshall McDonald, of the U. S. Fish Commission, had the

direction of the fish-cultural exhibit, which consisted of a series of six

tables containing hatching apparatus in which the embryos of white-

fish, salmon, and other species were kept during their development,

and small aquaria in which the newly hatched fry were exhibited.

There were also six large aquaria containing trout, salmon, carp, and

several other species of fish from the Fish Commission ponds at Wash-
ington. There was also a series containing numerous forms of hatch-

ing apparatus used at the hatcheries of the IT. S. Fish Commission,

and models of various kinds of fish-ladders or fishways.

Arrangements were made with the management of the exposition

for a supply of pure water for conducting the hatching operations, and
at intervals during the continuance of the exposition, eggs of different

species were shipped to New Orleans and x^laced in the hatching ap-

paratus, where they were allowed to remain until hatched. This ex-

hibit was perhaps the most popular in the entire exhibition, and during

the time when clear water could be obtained, and the young fish were

hatching, a majority of the people attending the exposition found their

way to the space, some of them lingering hour after hour.

On February 18 Colonel McDonald arrived with IT. S. Fish Commis-
sion Car No. 3, containing a full equipment of hatching and transport-

ing apparatus. This car was placed on a side track at the Prytania

street entrance of the exhibition adjacent to the Smithsonian space,
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and was constantly open for inspection from 8 in the morning until 6

in the evening. In it were shown, not only the processes of hatching,

but the methods employed in transferring the fry to waters very remote

from the hatchery. After the fish-cultural exhibition had been installed

Colonel McDonald returned to Washington, and J. Frank Ellis was
placed in charge of the car, and James Carswell assumed control of

the fish-cultural display in the Smithsonian space in the Government
building. The car remained until the middle of May, when it was re-

called to be used in the distribution of shad from the Fish Commission

hatcheries in Washington and Maryland.

The Fish Commission steamer Albatross was engaged during the

winter of 18S4-'S5 in scientific investigation of the currents, tempera-

tures, and marine life in the vicinity of the West Indies and in portions

of the Gulf of Mexico. She was stationed for a few days at New Or-

leans. On her arrival in that city the exposition mauagement placed

a portion of the exposition wharf at her disposal. She soon occupied

the place assigned, and was thrown open for inspection by persons vis-

iting the exposition as a part of the exhibit of the U. S. Fish Com-
mission. The apparatus employed in her scientific investigations was
arranged on deck, and interesting forms of marine life recently taken

in the deep waters of the Gulf of Mexico were removed from the tanks

and placed in glass bottles in the steamer's laboratory, where they could

be viewed by those who might be interested. At the request of Capt.

Z. L. Tanner, an efficient corps of officers and scientists remained con-

stantly on duty to inform visitors of the general character of the work in

which the steamer was engaged, and to explain the workings of the ap-

paratus. After a stay of ten days, during which time she was visited

by a very large number of people, she left the exposition in order to

resume her work, which had been temporarily interrupted.

10.-—MEETING- OF THE AMERICAN FISHERIES SOCIETY.

The fourteenth annual meeting of the American Fisheries Society

(formerly known as the American Fish-Cultural Association) was held

at the National Museum in Washington, D. C, on May 5 and 6, 1885,

under the presidency of Hon. Theodore Lyman, of Massachusetts.

During the meeting twenty-seven names of gentlemen were proposed
and elected to membership.

The first paper read was by Prof. Eobert E. C. Stearns, on " The giant

clams of Puget Sound," in which the habits, size, and edible qualities

of the geoduck clam (Glyeimeris gencrosa) were described. This was
followed by a paper on the "Hibernation of the black bass," by Dr.

James A. Henshall, in which he held that the hibernation of fishes is

iqfluenced more by the supply of food than by temperature, and that

both species of black bass hibernate in the northern sections of America.
Mr. Fred Mather presented a paper on " Protecting and hatching the

smelt," which contained some interesting statements regarding the
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habits of tlie smelt, and showing some of his experience in procuring

and handling the eggs. Mr. Frederick W. True read a paper on "The
porpoise fishery of Cape Hatteras," in which he stated the objects to

be pursued by a company recently organized in Philadelphia for the

capture of porpoises near Cape Hatteras, in order to utilize these dol-

phins for producing oil, leather, and food. It may be noted that a con-

siderable variety of opinions was expressed in the society regarding

porpoise flesh as a food product, some holding it excellent when properly

smoked and others maintaining that it is a very inferior article of food.

Later in the season Mr. True ate some broiled steak cut from a young
porpoise brought in by the steamer Albatross, and expressed himself

as very favorably impressed by the edible qualities of this young ceta-

cean.

In the first paper read on the morning of May 6 Mr. Frank N. Clark

stated the " Eesults of planting whitefish in Lake Erie," and showed
by testimony from many reliable fishermen and fish-dealers that while

the aggregate catch is steadily increasing, so also are the whitefish on
the increase in Lake Erie, and that this increase is due solely to the

work of the hatcheries. The next paper was by Mr. J. S. Van Cleef,

on "How to restore our trout streams," in which he showed that the

destruction of the trees bordering on the streams and the changed
condition of the banks produced thereby has resulted in depriving the

trout of their natural hiding-places, and that this is the main cause of

their depletion, in connection with excessive fishing with nets and hooks

and lines. Mr. A. N. Cheney next discussed the question "Does trans-

planting affect the food or game qualities of certain fishes?" stating

his opinion that fish in alien waters improve in food and game qualities

only when they find better food or water, which causes a more vigorous

condition. Then followed a paper by Mr. John A. Kyder " On some of

the protective contrivances developed by and in connection with the

ova of various species of fishes," giving some matter of considerable

biologic value. Prof. Otis T. Mason next read a short paper on "The
use of the throwing-stick by the Esquimaux," several specimens being

shown, their use described, and the statement made that this implement

is in use only in Australia, South America, and among the Esquimaux
of North America. This was followed by a valuable contribution from

Prof. Theodore Gill, entitled "The chief characteristics of the North
American fish fauna." In this he considered only the fresh-water forms

of America north of Mexico, stating that they numbered over six hun-

dred species, representing nearly one hundred and fifty genera and
about thirty-four families; and he concluded that the number of genera

and types common to Europe and North America is comparatively

small, while the special peculiarities of the North American fishes are

sufficient to entitle this region to be considered as a primary geo-

graphical division of the globe.

The next paper in order was on "Some objective points in fish-

«ulture," by Col. M. McDonald. This discussed what yet remains to
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be done in the way of intelligent and progressive fish-culture, speak-
ing of the great value of scientific investigations, the need for compe-
tent legislation on the fisheries, and the practical worth to the Govern-
ment of complete statistics, especially in relation to the sea fisheries.

Mr. W. V. Cox followed with " A glance at Billingsgate," which gave
an excellent description of that famous old fish-market, and ended with
the conclusion that there is little, if anything, for American fish-dealers

to learn at Billingsgate, except how far in advance of them in this res-

pect we are on this side of the Atlantic. A paper was then read by
Mr. E. G. Blackford on " The oyster-beds of New York," in which he
spoke of the investigation in progress under his charge during the past
year and the present condition of the oyster areas of the State. This
investigation showed that the natural oyster-beds were in bad condition

and much less in extent than they were twenty years ago, but that the

loss in the natural areas was more than made up in the formation of

planted beds, which increase the territory upon which oysters are grown,
so that the number of oysters sent to market is three or four times what
it was a score of years ago. The pollution of the water and the conse-

quent destruction of the oyster-beds in the vicinity of New York City

was referred to, and a plan was spoken of whereby individual owners
may hold small areas of oyster-grounds and work them thoroughly.

Mr. Charles G. Atkins reported on " The biennial spawning of sal-

mon," as learned from experiments conducted at Bucksport, Me. These
seem to indicate that it is the normal habit of the Penobscot salmon to

spawn every second year, while it seems to be fairly well established

that a large part, perhaps nearly all, of the salmon, instead of proceed-

ing to sea at once after spawning, linger in the fresh water all winter

and descend only with the spring floods. The concluding paper was
by Mr. Fred Mather on the " Work at Cold Spring Harbor," which
gave a sketch of the operations at this hatchery with foreign and do-

mestic fish during the season of 18S4-'8o. The facts stated are included

in the Keports of the U. S. Fish Commission for 1884 and 1885.

Before the final adjournment the members of the society went to the
White House and were presented to President Cleveland. A visit was
also made to the Government carp ponds, near the Washington Monu-
ment.

On May 7 the society made a trip to the shad-hatching grounds of

the Potomac, on the Fish Commission steamer Fish Hawk. At Fort
Washington 4,000,000 eggs were exhibited in process of packing for

shipment to the central station at Washingtion. On the homeward
trip a meeting of the executive committee was held, at which it was
decided to hold the next annual meeting in Chicago.

The following gentlemen were elected as officers of the society for the

ensuing year

:

President—Col. M. McDonald, of Berryville, Va.
Vice-president—Br. W. M. Hudson, of Hartford, Conn.
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Treasurer.— £3. G. Blackford, of Brooklyn, N. Y.

Recording secretary.—Fred Mather, of Cold Spring Harbor, N. Y.

Corresponding secretary—W. V. Cox, of Washington, D. C.

The members of the executive committee are as follows:

Prof. G. Brown Goode, of Washington, D. C.

Boland Bedmond, of New York, N. Y.

George S. Page, of Stanley, N. J.

W. L. May, of Fremont, Nebr.

Frank N. Clark, of Northville, Mich.

Dr. James A. Henshall, of Cynthiana, Ky.
S. G. Worth, of Raleigh, N. C.

11.—PUBLICATIONS IN 1885.

Reports.—The report for 1883 (Vol. XI) was completed, and much prog-

ress made upon the report for 1881 (Vol. XII) during the present year.

The printing of the report for 1885 (Vol. XIII) having been ordered

by joint resolution of Congress March 2, 1885, several monographs were

handed to the Public Printer, including a Catalogue of the Fishes of

North America, by Prof. D. S. Jordan, of which extra copies were

printed for immediate distribution.

The first section of the quarto report on the Fishing Industries of the

United States was issued in two volumes, one of text and one of plates,

in December of the present year. In addition to the copies distributed

by the Commission and by members of Congress, a considerable num-
ber have been purchased by interested persons from the Public Printer

at the low price of $2.45 for both volumes, Congress having made pro-

vision therefor in the resolution ordering the printing.

Bulletins.—The bulletin for the current year (Vol. Y) was commenced
promptly at the beginning of the year, the first signature bearing date

of January 19, 1885; and sets of signatures were mailed to foreign and
domestic correspondents March 12, August 22, September 5, October

20, and November 7. At the latter date the entire volume was in type,

and there only remained the press-work aud binding of the regular edi-

tion. This was completed and the edition distributed in March, 1886.

Pamphlets.—Six papers have been issued in pamphlet form during the

year, as follows

:

90. Shufeldt, B. W. The osteology of Amia calva : including cer-

tain special references to the skeleton of Teleosteans.

[From Report for 1883, pp. 747-878.]

91. Byder, J.. A., and M. Puysegur. Papers on the development and
greening of the oyster.

[From Report for 1882, pp. 763-805.]

92. Goode, G. Brown. The first decade of the U. S. Fish Commission :

its plan of work and accomplished results, scientific and econom-

ical.

[From Report for I860, pp. 53-62.]
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93. Collins, J. W. Specifications for building a schooner-smack.

[Printed by Rockwell & Churchill, Boston, Mass.]

94. Jordan, David Stake. A catalogue of the fishes known to in-

habit the waters of North America north of the Tropic of Cancer

with notes on the species discovered in 1883' and 1884.

[From Report for 1885, pp. 789-974.]

95. Baird, Spencer F. Report of the Commissioner for 1S83. A.

—

Inquiry into the decrease of food-fishes. B.—The propagation of

food-fishes in the waters of the United States.

[From Report for 1883, pp. xvii-xcv.]

Carp publications.—During the year several editions of "The carp

ami its culture in rivers and lakes," by Rudolph LTessel, of "Carp and
•carp ponds," and of "Notes on the edible qualities of carp," by Chas.

W. Smiley, have been printed and distributed to the numerous per-

sons making inquiries about carp.

During the year Mr. Chas. W. Smiley, as heretofore, has had entire

charge of the preparation of all matter for the printer, the correcting of

the proofs of text and plates, and all else relating to the proper presen-

tation of the several volumes, pamphlets, and circulars, as well as of

their distribution to correspondents and applicants.

12.

—

the wood's holl station.

This station, which is second only in importance to the headquarters

at Washington, and which is the center of all work of the Commis-

sion connected with the propagation and investigation of marine fishes

and invertebrates, has always received especial mention in the reports

of the Commission, so as to place fully on record its rise, progress, and
current condition. Here, alone, in the United States, opportunities

occur for studying marine fish in their natural conditions, by placing

them in large basins or aquaria, and for testing the period of their

spawning, the nature of their food, their relationships to other life of the

sea, &c.

Congress has manifested a disposition to allow the experiment to be

tried on a satisfactory scale, and, from time to time, has made liberal

appropriations, the total amount of money appropriated for buildings

and their equipment amounting to $70,000.

Previous reports have recorded the construction of buildings for the

offices and quarters of the Commission, and for the accommodation of

the pumps and tanks ; also the commencement of the laboratory build,

iug, in which to carry on the work of hatching and investigation. This

building was finished in February, and turned over to the Commission
by the contractor, Mr. Brightman, of New Bedford, Mass., after which
it was appropriately fitted up for its purpose.

The completion of the stone work of the harbor of refuge during 1884

has already been recorded in a previous report. This was done under
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the direction of Col. George H. Elliot, of the U. S. Engineers, from an

appropriation for tlie purpose made in the river and harbor bill.

The wharfing necessary to complete this work was commenced in the

spring of the present year, and as much of the same was finished as the

appropriations would permit, this comprising the wharf on the western

side of the pier wall, the cross wharf dividing the large inclosure into

two distinct basins, and the coal wharf along the southwest retaining

wall. A cut of 30 feet was left in the wharf and pier on the western

side in order to permit the entrance into the northern basin, a safe

harbor, of vessels of the size of the Fish Hawk ; and a swinging bridge

across this cut was constructed for the Commission by Messrs. Brown

& Lucius, of Hoboken, K J.

On the completion of the work of the U. S. Engineer, provision was

made for the erection of a coal-shed, the contract for buildiug the founda-

tions for which was given to Messrs. Molthorp & Co., the constructors of

the wharf under the direction of the Engineer Bureau. Subsequently,

the shed itself, a building 40 by 42 feet, to accommodate about 400 tons of

coal, was erected by Mr. Burdick. The erection of a fence, inclosing the

property, finished the work for the year, leaving unconstructed, of the

whole series of buildings, only a warehouse, 30 by GO feet, to be built

in 1886.

The laboratory building was occupied during the summer by the

Commissioner and his staff, for the purpose of prosecuting special in-

vestigations in connection with the habits and development of fishes

and other marine animals ; and, as usual, a large number of specialists

of distinction spent more or less time in assisting in the work.

The laboratory building was in charge of Prof. A. E. Verrill, the other

biologists in attendance being Mr. Richard Rathbun, Prof. Sidney I.

Smith, Mr. Sanderson Smith, Professor Linton, Prof. B. F. Koons, Dr.

Harrison Allen, Prof. William Libbey, jr., and Prof. Walter Heape, of

Cambridge, England.

The deep-sea fishes collected by the Commission were brought from

Washington, and arranged for the action of Dr. Bean and Mr. Goode,

who made a monographic examination of the whole series.

During the summer the Albatross made a number of trips to various

points in the Atlantic Ocean, bringing back many collections of much
interest. For fuller information on this subject I refer to the report,

in which the work of the Albatross is given in detail.

In the month of June Mr. G. H. H. Moore was sent out by the Com-

mission with his car to transport a lot of young shad to the waters of

Washington Territory and Oregon. While there he took occasion to

secure a large number of the Tapes staminea, an excellent bivalve mol-

lusk, which lie was directed to bring back to Wood's Holl. The weather,

however, being very hot, quite a number died on the passage; but he

succeeded in delivering several hundred in fairly good condition, which

were planted in various localities in the viciuity of the station. Should
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these survive and multiply, a very important element will be added to

the food resources of the Atlantic coast. There are other species which

it is proposed to transport in a similar manner, but the experiment will

be made in cooler weather, with better hope of success.

The account of the hatching of codfish and the methods of obtaining

the parent fish are given in the report for 1884.

During the summer Mr. John A. Ryder made repeated experiments in

regard to obtaining and developing the eggs of the oyster, and with

fairly good success, using the special ponds constructed under bis di-

rection on grounds belonging to Dr. J. H. and Mr. Camillus Kidder.

Many important facts of progress were noted in this connection, and we

have good reason to hope for further success in the future.

13.—VISITS FROM FOREIGN SPECIALISTS.

In June of the present year Mr. J. K. Uchimura, a member of the

Japanese Fisheries Society, visited the Wood's Holl and Gloucester sta-

tions for the purpose of examining the Fish Commission work. Mr.

Uchimura is a graduate of the Sapporo Agricultural College, and took

great interest in the biological and scientific phases of our fisheries.

In July Mr. Walter Heape, of the Marine Biological Association, Cam-

bridge, England, visited the Wood's Holl, Bucksport, Northville, and

Washington stations of the Commission, and was deeply interested, es-

pecially in the work carried on at Wood's Holl.

Mr. W. T. Silk, fish-culturist of Lord Exeter, representing in his mis-

sion the National Fish Culture Association of England, arrived in New
York September 10. Reference has already been made in the proper

place to the attempt to send by him an installment of soles. Mr. Silk

remained in this country several weeks for the purpose of examining

the fisheries and obtaining young fish to carry to England. On his re-

turn in October the Commission contributed several kinds of fish for him

to take with him to England.

In December Dr. Filip Trybom, of the Swedish Fresh-water Fisheries

Commission, Stockholm, was introduced to the Commission by Christian

Bors, royal Swedish and Norwegian consul at New York. Dr. Trybom

indicated his intention of remaining in the United States about nine

months for the purpose of studying our fisheries and all their leading-

features.

14.—ICELAND HALIBUT FISHERY.

The success which attended the halibut fishery at Iceland in 1884, in-

duced a larger number of vessels to engage in it this year (1885). Six

schooners started from Gloucester to Iceland. They were the Concord,

Captain Dago; Alice M. Williams, Captain Pendleton ;
the David A.

Story, Captain Ryan (which three schooners formed the fleet to Ice-

land in 1884); the Marguerite, Captain Johnstone; the Lizzie H. Has-

kell, Captain Marshall ; and the Carrier Dove, Captain Cousins.
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Unfortunately, the stranding of the Concord near Arichat, Cape Bre-

ton, whereby her voyage was broken up, and the loss of the Alice M.

Williams off Iceland, when just on the eve of sailing for home, were

serious drawbacks to the complete success of the fleet.

Although the weather was unusually severe and the presence of ice

close in to Cape North for several days interfered with fishing, halibut

were so abundant that large catches were obtained, and all that re-

turned home brought full fares, with the single exception of the Mar-

guerite. She started from Gloucester some time after the other vessels

and arrived in Iceland so late in the season (June 1) that she could fish

only a short time before the weather grew too boisterous to stay on the

bank. Her captain reported having found excellent fishing whenever

the weather was suitable to carry on operations. On one occasion he

estimates that his crew caught 50,000 pounds of halibut from a single

set of the trawl-lines. During the mouth of June alone the Marguerite

caught 80,000 pounds of Hitched halibut.

The banks about Iceland afford our fishermen richer returns in the

salt-halibut fishery than can be obtained elsewhere. It seems safe to pre-

dict that this new field for their enterprise, which was brought to their

notice by the Commission, will be worked in the future, as in the past two

years, with satisfactory results. This is all the more gratifying, too, in

view of the marked depletion of the halibut on the old grounds and the

practical failure of the supply from which we have been .accustomed to

obtain the fish used for smoking.

15.—SMOKED KINGFISH.

As a part of the practical work of the 0". S. Fish Commission, the op-

portunity occasionally arises to introduce to fish-dealers, and through

them to the general public, a new variety of food-fish, or to investigate

and recommend new methods by means of which fish can be prepared

for the markets. Such work is clearly in the interest of both producers

and consumers, and even when nothing of great consequence comes

from it, it at least adds to our knowledge and resources. In illustra-

tion of this the Commission caused experiments to be made in prepar-

ing kiugfish by smoking, and then tested their edible qualities when so

prepared. After concluding and announcing such experiments, it must

be left to interested parties to develop a new industry, or to make such

use of it as may be desirable or necessary.

Kingfish from off Key West are to a limited extent found in the mar-

kets of the large cities during the winter, and are well liked as a fresh

fish. The favorite ground for catching them is in the vicinity of Som-

brero Key, in which region kingfish are usually very abundant from

November to April.* The method of fishing is by trail-lines, at which,

* For fuller information in regard to this fishery, see article by Capt. J. \V. Collins

on Gulf fisheries, in tin- appendix of this volume, p. 2G7.
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under favorable circumstances, these large, gamy, and vigorous fish bite

readily, arid it sometimes happens that a boat will take a fare of 200

or 250 fish, some weighing from 20 to 30 pounds (the average weight

being about 10 pounds), in a day. As a rule, the great bulk of the eatch

is disposed of fresh at Key West, though occasionally some fish are

salted on the boats, and sometimes small quantities are salted and dried

on shore in a rather primitive manner. Cured in tins way it makes
tolerably good food; but the texture and the oil contained in its flesh

suggested that it might make an excellent article of commerce when
smoked. The fact that it is seemingly abundant, and can be bought

at a comparatively low figure, the average wholesale price not exceed-

ing 2 cents per pound for fresh fish, favors its introduction as an ad-

ditional article of smoked food, in which form it could be introduced all

over the country, thus relieving the fishermen of their present depend-

ence on the Cuban and local markets.

While the -Fish Commission steamer Albatross was at Key West in

the latter part of March, a considerable quantity of kingfish was ob-

tained, and after being split and salted the fish were brought North by
the Albatross, reaching Washington on April G, from which point they

were at once forwarded to Gloucester, Mass., to be smoked. The Com-
mission is indebted to Messrs. William H. Wonson & Son for smoking
free of charge this possible rival to smoked halibut, and for the great

pains they took to have it cured in the best possible manner.

The samples were caught after the proper season for their catch was
over and during the opening part of their spawning season ; and some
of the fish in consequeuce were in poor condition, while during the win-

ter they are rarely poor. They proved, however, to be an excellent

smoked fish, being tested by many experts, some of whom pronounced

them equal or even superior to smoked halibut or salmon, being free

from the rather rank taste that the halibut sometimes has.

1G.—CHEMICAL COMPOSITION AND NUTRITIVE VALUE OF FISH.

The report of the Commissioner for 1883 contains a brief account of a

portion of an investigation which has been conducted by Prof. W. O.

Atwater, in part at Wesleyan University and in part in Europe, upon the

chemical composition and nutritive values of American food-fishes and
invertebrates. The whole investigation is much more extended than this

report implies, and includes not only chemical analyses of the flesh of

nearly two hundred specimens of American food-fishes and invertebrates

and a considerable number of other analyses, but also more abstract

studies upon the constitution of the flesh of fishes. During the past

year the investigation has been continued in the latter direction, this

branch of the subject being important not only in its bearing upon

chemical physiology but also upon the food values of the substances.

The research has already attained a magnitude far greater than that

of any other of the kind which has been attempted in this country or in
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Europe. While Professor Atwater regards what lias beeil done as only

the beginning of a much needed research, the results already obtained

throw a great deal of light upon the chemical nature and nutritive uses of

fish and fish prepared for food, matters hitherto but very imperfectly un-

derstood. A monograph, embodying detailed results of this investiga-

tion aud including with it those of other work in similar directions, is

now nearly completed, and will not only give a large number of facts of

use to the specialist, but also a very considerable amount of information

of practical value, and in such form that it may be easily made use of

by all intelligent readers.

The following statements by Professor Atwater are of interest in this

connection

:

" The chief uses of fish as food are (1) as an economical source of nu-

triment, and (2) to supply the demand for variety in diet, which increases

with the advance of civilization and culture.

"As nutriment, the place offish is that of a supplement to vegetable

foods, the most of which, as wheat, rye, maize, rice, potatoes, &c, are

deficient in protein, the chief nutrient offish.

"The so-called nitrogenous extractives contained in small quantities

in fish as in other animal foods are doubtless useful in nutrition. The

theory that fish is especially valuable for brain-food, on account of an

assumed richness in phosphorus, is not sustained by the facts of either

chemistry or physiology.

" It is an interesting fact that the poorer classes of people and com-

munities almost universally select those foods which chemical analysis

shows to supply the actual nutrients at the lowest cost. But, unfortu-

nately, the proportions of the nutrients in their dietaries are often very

defective. Thus, in portions of India and China, rice
5

in Northern

Italy, maize-meal ; in certain districts of Germany aud in some regions

and seasons in Ireland, potatoes; and among the poor whites of the

Southern United States maize-meal and bacon make a large part and

in some cases almost the sole food of the people. These foods supply

the nutrients in the cheapest forms, but all are deficient in protein.

The people who live upon them are ill-nourished, aud suffer physically,

intellectually, and morally thereby.

"On the other hand, the Scotchman finds a most economical supply

of protein in oatmeal, haddock, and herring; and the rural inhabitants

of New England supplement the fat of their pork with protein of beans,

and the carbohydrates of potatoes, maize, and wheat Hour witli the

protein of codfish and mackerel, and, while subsisting largely upon such

frugal but rational diets, are well nourished, physically strong, and noted

for their intellectual and moral force.

" As population becomes denser, the capacity of the soil to supply food

for man gradually nears its limits. Fish gather materials that would

otherwise be inaccessible a-nd lost, and store them in the very forms

that are most deficient in the produce of the soil. Thus, by proper
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culture and use of fish, the rivers and the sea are made to fulfill their

office with the laud in supplying nutriuieut for nian."

17.—TURCOT AND SOLES.

In the great variety of excellent marine fish found on the coast of

the United States, it has been necessary only to consider the question

of the introduction of the turbot and sole, both fish of world-wide

reputation, the possession of which the European epicure promptly

offers as an offset to the pompano, the Spanish mackerel, the sheeps-

head, and our other esteemed varieties. The U. S. Fish Commission has

frequently been urged to take the necessary steps to acclimate these

fish in the waters of the Uuited States; and several successive efforts

have been made in that direction, some of which have failed entirely,

and others resulted in the planting of a few individuals in the open sea

off Boston Harbor and New York. As no care could be exercised over

these fish, and there was nothing to prevent their being devoured, al-

most as soon as planted, by predaceous fish, no definite result could be

expected from what has been done, in the lack of localities that could

be completely controlled.

With the completion of the preparations at the Wood's Holl Station

for the propagation of sea fishes, it has become possible to provide for

permanent inclosures in the sea where the fish, while having their

natural surroundings, can be watched and cared for, and from which

they can be removed for the purpose of taking and fertilizing the eggs,

to be subsequently hatched out.

For this purpose arrangements were initiated in the early part of the

year to obtain from England a supply of these fish, and the services

of a skilled attendant were bespoken. In the mean time the authorities

of the National Fish Culture Association, to which the Commission had
sent some highly-valued lots of eggs and young of various species of

American fishes, asked that they might be permitted to make a trans-

mission in return, and this proposition was gladly accepted.

It was found impossible to obtain any turbot ; but the brill, a large

flounder closely allied to the turbot, was substituted in its place. Sev-

eral hundred young soles, about the size of the hand, and a number of

brill were accordingly gathered and stored on the eastern coast of En-
gland, and the necessary arrangements made for their shipment per

steamer Eepublic from Liverpool on September 1. The fish were sent

to Liverpool the day before, but, being overcrowded in their tanks, most
of them died in transit. The survivors being very much weakened,
all the efforts of Mr. W. T. Silk, who had been deputed by the National

Fish Culture Association to care for them, were unavailing, and the en-

tire number died before being put on board. The experiment will, how-
ever, be renewed another season, as the stake is a great one, and is

worthy of continued experiment until success is secured.



LVI REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Contemporaneously with the efforts which were being made in our

behalf by the National Fish Culture Association of England, Mr. E. G.

Blackford was conducting negotiations with Mr. Thomas J. Moore,

curator of the Liverpool Museum, for obtaining soles. The methods

adopted by Mr. Moore forgetting fish across the Atlantic proved suc-

cessful, as nine out of twelve sent in October, with no special attendant,

reached New York alive, thus apparently solving the question of method

by which importations can be successfully made.

In the latter part of October a renewal of the efforts of Mr. W. Old-

ham Chambers in behalf of the National Fish Culture Association re-

sulted disastrously, as has already been described under the head of

courtesies received from foreign countries.

Notwithstanding the numerous disappointments of the present year,

there is good reason to believe that in another summer enough flatfish

may be accumulated at Wood's Holl to forma nucleus for propagation.

It is believed that the facilities ac Wood's Holl are adapted to this work.

lieferriug to the recent efforts to introduce the sole, Mr. William

Stowe, the president of the Gloucester Net and Twine Company, of

Boston, says :
" I regard it as being worth to us as a nation all the money

the Government has spent on it. In England I had sole for every

breakfast. It is the best tasted fish that swims."

18—SPONGES FOR AUSTRALIA.

A communication was received from Dr. E. von Lindenfeld, of Syd-

ney, Australia, dated June 1, 1885, through Professor Hyatt, of the

Society of Natural History, Boston, asking the services of the U. S.

Fish Commission in sending a supply of live bathing sponges for in-

troduction into the bay of Port Jackson, and offering the sum of £25
sterling to meet the necessary expenses.

On a careful consideration of the circumstances it was thought that

while the project was perhaps not impracticable, yet it would be im-

possible to do anything with the amount named. These sponges could

only be obtained conveniently at Key West or Bermuda; and there be-

ing no steamers going direct from those points to Sydney, it would be

necessary to send them to England, or else intersect a steamer at Saint

Thomas or other point of contact of vessels bound from Great Britain

to Australia. To make a successful experiment it would be necessary

to provide special apparatus for furnishing a constant supply of pure

salt water to the sponges, involving preparations which would be diffi-

cult to secure from the steamers. Indeed, we do not yet know how far

it would be possible to keep the sponges alive, experiments being lack-

ing on this head. Should the opportunity present itself some aquarium
experiments will be made to see in what way this work can be best agr

compUshed under the proper conditions.
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B.—INQUIRY INTO THE HISTORY AND STATISTICS OF
FOOD-FISHES.

19.—PROGRESS IN PRINTING THE QUARTO FISHERIES REPORT.

During the year 1SS5 considerable progress was made towards the

completion of the special quarto report upon " The Food-Fishes and
Fisheries of the United States," ordered printed under act of Congress

in 1882.

Section I of this report, "Natural History of Useful Aquatic Animals,"

was published and distribution begun late in the fall of 1885. This sec-

tion is bound in two volumes, one containing eight hundred and seventy-

live pages of text and the other two hundred and seventy-seven plates

of illustrations of all the important species. The analysis of this vol-

ume was printed in the annual report for 1883.

Section II, "The Fishiug Grounds of North America," which was
partly in type in 1881, was completed in 1885, with the exception of an

appendix on ocean temperatures, now being prepared b}T Mr. Rathbuu.
This section numbers pages i-xviii, 1-151, with seventeen charts and a

number of temperature diagrams.

The table of contents of this section is as follows :

Introduction by Richard Rathbun.

A.—The sea-fishing grounds of the Pacific coast of the United States from the Strait

of Fuca to Lower California. By David S. Jordan.

B.—The fishery resources and fishing grounds of Alaska. By Tarleton H. Bean.

C.—The fishing grounds of the Great Lakes. By Ludwig Kumlieu and Frederick \V.

True.

D.—The geological distribution of fresh-water food-fishes in the several hydrographic
basins of the United States. By David S. Jordan.

Section III will be a statistical review of the fisheries and fishing dis-

tricts, with a list of fishing vessels, giving for each vessel the name, rig,

tonnage, number of crew, fishery engaged in, and other details. This

section is not yet in type.

The geographical review of the fisheries or "coast review," with statis-

tics, which was to have formed Section III of this report, has been trans-

ferred to the Census Office, and will be issued by the Department of

the Interior as one of the volumes of the Census Report. It was all put

in type in 1885 and comprises about eight hundred pages. Its contents

will be as follows :

Part I.—The coast of Maine and its fisheries. By R. Edward Earll.

II.—The fisheries of New Hampshire. By W. A. Wilcox.

III.—The fisheries of Massachusetts. By A. Howard Clai'k.

IV.—The fisheries of Rhode Island. By A. Howard Clark.

V.—The coast of Connecticut and its fisheries. By A. Howard Clark,

VI.—New York and its fisheries. By Fred Mather.

VII.—New Jersey and its fisheries. By R. Edward Earll.

VIII.—Pennsylvania and its fisheries. By R. Edward Earll.

IX.—Delaware and its fisheries. By J. W. Collins.



LVIII EEPORT OF COMMISSIONEE OF FISH AND FISHERIES.

Pakt X.—Maryland and its fisheries. By E. Edward Earll.

XI.—Virginia and its fisheries. By Marshall McDonald.

XII.—North Carolina and its fisheries. By R. Edward Earll.

XIII.—The fisheries of South Carolina and Georgia. By E. Edward Earll.

XIV.—Eastern Florida and its fisheries. By E. Edward Earll.

XV.—Fisheries of the Gulf of Mexico. By Silas Stearns.

XVI.—The fisheries of the Pacific coast. By David S. Jordan.

XVII.—The fisheries of the Great Lakes. By Frederick W. True.

Apr-ENDix. Historical reference to fishermen of New England. By A. Howard Clark.

Section IV. " The fishermen of the United States," by George

Brown Goode and Joseph W. Collins, was put in type during 1885,

and with the index numbers 178 pages, and will probably be published

during the coming year. The contents of this section were as follows:

A.—Nationality and General Characteristics.

1. Eeview of the class as a whole.

2. The shore fishermen of Maine.

3. The vessel fishermen of Maine.

4. The fishermen of the Isles of Shoals.

5. The Indian fishermen of New England.

0. The British-Provincial fishermen of Nov England.

7. The Irish fishermen of New England.

8. The Scandinavian fishermen ofNew England.

9. The Portuguese fishermen of New England.

10. The negro fishermen of New England.

11. The " baymen " or fishermen of Long Island, Now York.

12. The oystermen of Maryland.

13. The oyster-shuckers of Maryland.

14. The fishermen of Florida.

15. The fishermen of Mobile, Ala.

16. The fishermen of New Orleaus, La.

17. The fishermen of Texas.

18. The American fishermen of California.

19. The Italian fishermen of the Pacific coast.

20. The Portuguese fishermen of the Pacific coast.

21. The Spanish fishermen of the Pacific coast.

22. The Greek fishermen of the Pacific coast.

23. The Austrian fishermen of the Pacific coast.

24. The French fishermen of the Pacific coast.

25. Southern European fishermen of the Pacific coast.

26. The Chinese fishermen of the Pacific coast.

27. Miscellaneous fishermen of the Pacific coast.

28. The Arctic whalemen from San Francisco.

29. The fishermen of the Columbia Eiver.

30. The Indian fishermen of the Pacific coast.

31. The MeCloud Eiver Indians of California.

32. The fishermen of the Great Lakes.

B.—The Sailor-Fisiieemen of New England.

:;:'». Shore education.

34. Sea education.

35. Mental and physical traits,

3G. Superstitions,
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37. Dialect.

38. Literary tastes.

39. Morals and religion.

40. Life ashore.

41. Life on board the vessels.

A'Z. Public service.

43. Costume.

44. Food.

45. Diseases and longevity.

4G. Financial profits.

C.

—

Officers of Vessels; Discipline or the Crew; Navigation.

47. Officers and discipline in lis'.ing and whaling vessels.

48. Navigation. »

D.

—

Dangeks of the Fisheries.

49. Dangers to tha vessels.

50. Dangers to the fishermen.

51. Relief for bereaved families.

E.

—

Management of the Vessels.

52. Evolutions of the fishing schooner.

53. Amount of canvas carried.

54. Management of disabled vessels.

F.

—

Appendix.

55. Freeman's description of Cape Cod fishermen.

56. Autobiography of Capt. N. E. Atwood.

Section Visa discussion of the history and methods of the fisheries,

and will be in two volumes. The first volume will discuss the capture

of fish, aud the secoud volume the capture of aquatic animals, crusta-

ceans, sponges, &c. The greater part (or 5G5 pages) of Volume I was
put in type in the summer and fall of 1885 and most of the illustrations

were engraved. This section is made up as follows

:

Volume I.

Part I.—The halibut fisheries.

II.—The cod, haddock, and hake fisheries.

III.—The mackerel fishery.

IV.—The swordfish fishery.

V.—The menhaden fishery.

VI.—The herring fishery and sardine industry.

VII.—The shore fisheries of Southern Delaware.

VIII.—The Spanish-mackerel fishery.

IX.—The mullet fishery.

X.—The red-snapper fishery and the Havana market fishery of Key West,

Fla.

XL—The pound-net fisheries of the Atlantic States.

XII.—The river fisheries ofthe -Atlantic States.

XIII.—The salmon fishery and canning interests of the Pacific coast,

XIV.—The fisheries of the Great Lakes.
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Volume II.

Pakt XV.—The whale fishery.

XVI.—The blackfisb and porpoise fisheries.

XVII.—The Pacific walrus fishery.

XVIII.—The seal and sea-otter industries.

XIX.—The turtle and terrapin fisheries.

XX.—The oyster, scallop, clam, mussel, and abalono fisheries.

XXI.—The crab, lobster, crayfish, rock lobster, shrimp, and prawn fisheries.

XXII.—The leech trade and the trepang fishery.

XXIII.—The sponge fishery aud trade.

Other sections of this report on " Fishing vessels and boats," "Appa-
ratus of the fisheries," " Preparation of products," " The river fisheries,"

and "Bibliography of American ichthyology," will be published as soon

as practicable.

20.—INVESTIGATIONS OF THE FISHERIES OF THE GREAT LAKES.

In 1871, at the very inception of the Commission, an investigation of

these fisheries was made by the late James W. Milner; and statistics

of this industry on the Great Lakes were again gathered, for the census

of 1880, by Mr. Ludwig Kumlien. The comparison of the work of

Milner and Kumlien led to very grave fears that the fisheries for white-

fish were about becoming exhausted. While it was true that the total

number of pounds obtained in 1880 was equal to or greater than that

obtained in 1871, the effect had been accomplished by the use of ap-

paratus increased enormously in effectiveness and by the addition of

steam-tugs using a far greater number of gill-nets. More ominous than

anything else was the fact that the average size of the fish taken was

much smaller. It was realized that the utmost efforts should be made
by way of artificial propagation to avert the impending catastrophe.

Accordingly the United States Commission, as well as those of Ohio

and Michigan, planted many millions of whitefish fry each year from

1878 to the present time, the number planted some years equaling

50,000,000.

At the close of the fishing season last year a limited investigation

of the whitefish product of Lake Erie was made by Mr. Frank K. Clark.

His conclusion was as follows :

"The results are most gratifying, as it is conceded by all and shown

bjT the reports that the aggregate catch of whitefish was considerably

in excess of that of auy season for several years.

"No disappointment would have been felt had there been no percep-

tible increase, as much planting of fry was required to offset the ex-

tensive and exhaustive fishing carried on all over the lake, on both the

spawning and feeding grounds. For many years these had been liter-

ally covered with nets during the spawning season, while hundreds of

gill-nets have been employed on the feeding-grounds in deeper waters.

Notwithstanding this, how7ever, we find that not only has the decrease

been arrested, but that there is a tangible aud satisfactory increase,"
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The need of restricting the fishermen manifested itself at the meet-

ing of the fish commissioners of the lake States, held at Milwaukee

August 17 and IS, 1884, where resolutions were passed instructing the

commissioners to urge upon the legislatures of the various States the

enactment of statutes regulating, the size of mesh so as to catch mature

fish only and the adoption of the close season for certain kinds offish.

With a view of ascertaining more definitely the present condition of

the fisheries and of recording any important changes that have oc-

curred in the locality of methods of the fisheries since the census of

1880, it was decided to make a careful examination of the entire chain

of lakes from the American shores and to obtain accurate statistics

for comparison with those of earlier years. The investigation began

late in August, under the general direction of Mr. E. E. Earll. The

territory was divided into districts and assigned to different employees

of the Commission who from their familiarity with the work were best

suited to assist in the investigation. To Messrs. Clark and Wires was

assigned the American shore of Lake Huron and the Detroit Eiver

;

to Mr. Ellis, the American shore of Lake Ontario and eastern part of

Lake Erie ; to Mr. Bowers, western shore of Lake Erie, and to Mr.

Earll, Lake Superior and both shores of Lake Michigan. The investi-

gation began in August and was continued until November. The fol-

lowing plan of operations, which had been r>repared by Mr. Earll, was

carefully followed

:

(1) Obtain a brief description of each settlement, especially of those

containing post-offices, however small and scattered the population, in

order that its relative importance or insignificance may be known.

(2) Fill out in detail the blank form of each fishing station, note the

number of men employed, number of tugs or sail-boats employed, the

kind and number of gill-nets, pound-nets, seines, fykes, or set-lines, the

number of pounds of hard fish, soft fish, or other fish caught in 1885,

the gross value of the seine, stating particularly the quantity of white-

fish taken.

(3) Fill out a blank for each fishing settlement showing separately

the seining, spearing, hand-line, net-fishing, &c.

(1) Fill out a blank at each fishing settlement estimating the amount

of fish consumed by fishermen's families or by local trade.

(5) Eecord on the proper blanks all fishing steamers and all sailing

vessels that use custom-house papers.

(G) Note the number of fishermen's boats, nets, and pounds employed

the preceding year, as far as practicable, for the purpose of comparison

with 1885 and for estimate in case information is not obtained for 1885.

(7) Mark on charts the exact location of each pound-trap and other

stationary forms of apparatus, with the name of owner. Show the loca-

tion of important fishing banks and icefs, their shape, size, name, loca-

tion, depth of water, character of bottom, and history.
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(8) Leave circulars with each fishery operator to be filled up and for-

warded at the close of the season. Do not leave any village or locality

until a satisfactory estimate has been obtained of the extent of the fish-

ery, and the total catch, especially of whitefish and trout.

Many of the fishermen were found to be deeply interested in the work

of the Commission, and they willingly furnished the desired informa-

tion and rendered such other assistance as they were able. The im-

pression of the gentlemen engaged in the investigation was that there

had been a decided increase in the fisheries over those of previous years

and that they now furnish employment to a larger number of men and

a greater amount of capital than at any previous period in their his-

tory. If the opinions of the fishermen are to be accepted, there has

been a very perceptible increase in those localities where the planting

of fry has been most extensive, and in a number of other districts

where the catch has been falling off from year to year further decrease

seems to have been checked. The compilation of statistics and the

preparation of a report will be pushed forward as rapidly as possible.

21.—USE OF THE COD GILL-NETS.

The introduction of this mode of taking codfish, dating from 1880,

with the exception of one season, has been a success. There has been

during these years a yearly increase in the number of vessels, men, and

nets employed.

This mode of fishing is one in high favor with the fishermen, as it re-

quires less labor than any other, the catch is greater for the labor em
ployed than by any other way, there are no bait bills, and it enables

the fishermen to make harbor every night, as the grounds are always

near shore. It is conceded to be a fact by the men themselves that,

notwithstanding the great expense, their clear profits are larger for the

time engaged than by any other method of taking codfish, or, in fact,

than in any other kind of fishing.

The season of cod gill-net fishing on our coast dates from about Oc-

tober 1 to June 1, in the extremes. Nearly all vessels, however, close

the season about May 1.

The fish are caught in water varying from 8 to 35 fathoms in depth.

The greater depths are objectionable, owing to the extra labor required

in handling, so that the fishermen avoid deep water. The distance from

the shore varies from 200 yards to 7 miles; and it is reported that the

fish are being taken in deeper water than formerly.

The number of vessels engaged in this industry hist season was about

forty, employing about four hundred men ; the tonnage of vessels was

from 15 to 70 tons, with twenty-four to forty nets per vessel.

These nets are made to hang 50 fathoms in length and 12 to 15 feet

in depth, and the size oi* mesh now used almost entirely is 9-inch. They

are floated with glass balls about 5 inches in diameter, and costing, cov-
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erecl, so that they can be attached to the top of the net, about 20 cents

each; there are twenty to each net, or one to every 2J fathoms; weighted

with bricks, &c. They are treated by a process called the " Eureka proc-

ess," which is believed by the American Net and Twine Company to

preserve the net much better than any other they have ever tried or

known of.

During the season it has been found necessary to employ two sets of

nets, particularly as during the early part of the season there is a run

of pollock, which are generally large, and being much more powerful

fish than cod, are very destructive to the gear.

The expense per man for the entire outfit is about $90 ; one-half of

this is perishable and the other half, including buoys, lines, anchors,

hangings, balls, and boats, stands the " wear and tear" for several sea-

sous. Nets with floats all rigged for fishing cost about $18 each.

The catch for the season of 1885-'86 was not far from 15,000,000 pounds

of codfish and pollock, about one-quarter being the latter. The fish are

taken in Massachusetts and Ipswich Bays in the shoal water, and the

industry, I think, may be considered an established one, and I know no

reason why it should not continue to increase from year to year.

It is a matter of considerable speculation whether this mode of capt-

uring codfish might not be successfully prosecuted in the bank fishery.

Several imperfect trials have been made without success. Ivers W.
Adams, president of the American Net and Twine Company, who has

furnished the above facts, says : " I have no reason to doubt, with nets

properly rigged and hung, that they would be successful, and I should

be pleased to manufacture a gang of these nets for the Commission,

with special reference to their trial in the bank fishery. We have always

made a specialty of this industry, and last year we supplied, without

doubt, 90 per cent of the nets fished to the fleet."

22.—THE MACKEREL FISHERIES OF 1885.

The following summary of the year's mackerel fishery has been fur-

nished by Mr. W. A. Wilcox

:

The mackerel season off the United States coast began by the taking

of two fares, aggregating 325 barrels, caught ou March 2G and 27, 30

miles south of Cape Henry, by the schooners Nellie N. Rowe and Emma
W. Brown. Most of the fleet followed the fish from that time until

November 14, working off the United States coast as far east as Mount
Desert, and returning taking the last fares off Cape Cod in November.

The catch off the United States coast by American vessels aggregated

378,515 barrels, of which 80,788 barrels were sold fresh. In size and

quality the fish were an improvement over the catch of 1884, packing

mostly No. 2's, with a smaller portion No. l's and 3's. The average

price for inspected mackerel was $4.50 to $5.50 for No. 3's, $6 to $7 for

2's, extra 2's $7.50 to $9, and $16 to $18 for No. l's. Extra l's sold from

$20 to $32. Some very large and fit fish were taken off Block Island,
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bringing the extra prices named. Mackerel were taken in the weirs at

Truro, Mass., as late as November 19.

The few vessels that fished in the Gulf of Saint Lawrence at times

found mackerel very scarce, at times very abundant; but they were

small and of poor quality. With the hopes of finding larger and better

fish soon, the vessels in many cases forwarded their catch by rail or

steamer to Boston or Gloucester, the same selling for $2.12£ to $3.50

per barrel, frequently not bringing enough to pay the cost of barrels,

salt, freight, insurance, and commission, not mentioning the time, labor,

and expense of the voyage. The crews fishing on shares in many
cases received nothing, and the vessels' expenses exceeded their gross

receipts. The catch in the Gulf of Saint Lawrence by 40 vessels,

all from the United States that took any fish in those waters, aggre-

gated 20,033 barrels, of which 6,564 barrels were taken within 3 miles

of the provincial shore. These fish were mostly No. 3's with a small

proportion of No. 2's. On November 21 schooners Spencer F. Baird,

William E. McDonald, and William H. Jordan arrived at Gloucester

from a six weeks' cruise in the Gulf of Saint Lawrence and off the Nova
Scotia shore, none of these vessels having caught a single mackerel dur-

ing the entire trip.

Vessels from Gloucester, Mass., are the only ones that entered pro-

vincial ports for the purpose of obtaining barrels and supplies. These

purchased 9,572 empty fish-barrels, valued at $7,425.95, and paid in

addition $9,759.05 for provisions and $331.20 as harbor dues.

During the year 3 vessels, 22 boats, and' 7 seines were lost and 4

fishermen were drowned.

American mackerel catch for the season of 1835.

[Reported to tho TJ. S. Fisli Commission by W. A. Wilcox, assistant.]
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American mackerel catch for the season of 1885—Continued.

Port.

Maine—Continued

Rockland
Swan's Inland
Southport
Viual Haven

Total

Portsmouth, N. H.

.

Massachusetts.

Barnstable
Boston
Dennis
Chatham
Cohasset
Gloucester
Harwich
Newburyport
Plymouth
Proviucetown
Wellfleet

Total

New Loudon, Conn.
New York, N. Y...
Philadelphia, Pa

88.11
497. 44
649. 73
130. 81

$9, 000
31,200
41, 500
10, 500

8, 520. 85 577, 000

85.19

84.49
1, 359. 11

396. 83
289. 59
211.75

11,168.84
454. 03

42. 69
198. 90

1, 117.33

2, 860. 19

18, 189. 75

74.55
82.01
83. 32

9,000

6,000
66, 000

36, 000
13,400
10, 500

713, 100

23, 500
3,000
8,000

46, 600

158, 300

l,O84,40G

4,000
7,000

12, 000

$1, 700
11,800
11, 500
2,850

159, 180

1,800

1,500
24, 100

4,000
2,050
3,000

248, 335
9,500

500
1,800

18, 900

61, 900

375, 585

1-1

112
158
30

1, 820

16
257
67
58
47

2,152
97
14
31

227
572

3, 538

559

7

89
30
40

13

775
41!

6
10

75
150

1,241

SP

Bbls
996

7,404
7,606
1,650

-a 5MO

15

Bbls.

1,400
2,100

P-e

°cc

Bbls
996

8,804
9,700
1,650

95,86124.055119,916

619 300

800
412 3,040
087 1,600
851 1,350
169

1

694 46, 143

541| 450

72l 600
232|

766j 2,000
412 !

919

198, 036 55, 183

1,123
1,257

831
1,000
250

1,800
15, 452
7,687
5,201
2,169

168, 837
6,991

672
2, 23i

15, 766
26, 412

253, 219

1,123
2, 257
1,081

Bbls.

941

as

Bbls.

380

24, 379 5, 984

733

26, 053 6, 184

23.—INVESTIGATION OF THE RED-SNAPPER FISHERIES.*

During the early months of the year the steamer Albatross was en-

gaged in a series of cruises in the Gulf of Mexico. A part of the val-

uable work carried on at this time was an investigation of the fish-

eries for red snappers off the west coast of Florida. Two trips were

made from Pensacola, one in February and the other in March, to the

fishing-grounds which were known, and search was made for new ones.

This was the first effort made under the auspices of the Government to

examine the offshore fishing-grounds of the Gulf of Mexico, and its

success and that of others bid fair to add materially to the resources

of the country.

Their development must be of considerable consequence to our Gulf
coast, and if methods should be applied by which the products of these

fisheries could get into the general markets of the country our food

supply might be materially augmented.

* A valuable discussion of this subject may be found in an article bv Capt. J. W.
Collins in the appendix to this Report, p. 217.
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Tne red snapper (Luijanus vivanus Cuv. & Val. [or Lutjanus black-

fordi Goode & Bean j) Las long- been locally known as a favorite food-fish,

but the fishery for it has been developed within recent years when it

has become known to the markets of the North and West. It is a fish

that will keep for an unusually long time in ice. Thus packed in bar-

rels or boxes it may be sent all over the country, being found in the

markets of Boston, Chicago, and Denver, where, because of its bright

crimson color, it is the most conspicuous fish seen. The favorite fish-

ing-grounds for the red snapper are in the vicinity of Cape San Bias off

the west coast of Florida, but specimens have been taken as far north

as off the coast of New Jersey and even, beyond. The Florida reefs,

however, and rocky spots on the bottom at a depth of from 10 to 40

fathoms seem to be their favorite resorts, being gregarious in habit and

strictly carnivorous in their food.

In the beginning of the red-snapper fishery the inshore grounds were

most resorted to, but at present the most important grounds are tbose

lying offshore, where the snapper can be found most abundant in win-

ter, when the fishery is at its height. The headquarters of this indus-

try is at Pensacola, which is nearer to the grounds than any other im-

portant port, and which is the most available market for the receipt and

distribution of the fish.

The character of the grounds, in respect to the abundance of fish to

be found upon them, seems to be changing in a very marked manner.

This change, which has been most noticeable during very recent years, is

still going on, and localities formerly remarkable for the abundance offish

on them only a year or so ago are now of comparatively little importance.

This is shown by the fact that vessels a^e continually obliged to extend

their cruises farther off in order to meet with success; and it is feared

that this decrease in the abund" ice of the fish may continue until the

fishery will be no longer profitable. There are several reasons why the

abundance of red snappers maybe more easily reduced than can be the

case with the majority of food-fishes, inasmuch as these snappers are

local in their habits, occupying a region of comparatively small pro-

portions and being found only in small areas or banks within this re-

gion, and as they are taken at all seasons of the year, though prefera-

bly in winter.

Much of the work is done by fishermen from New England, some of

whom are engaged off the coast of Florida during the winter, and fish

off the New England coasts in summer. The vessels used in this fishery

are naturally, then, for the most part, of Northern build, though it

should be stated that there are vessels and boats of nearly all styles

and rigs, just as the fishermen are of all classes and climes.

The fishing for red snappers is done almost exclusively with hand-

lines, which are rigged in a very primitive manner, as the snapper is a

greedy biter, from which fact it gets its name, and the lines are exposed

to frequent loss. The bait used is taken from a wide range of smaller
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fish, such as lady-fish, skipjacks, porgies, &c. A vessel engaged in this

fishery usually carries from 300 to 400 pounds of salt bait on each frip.

Other fish when caught may be used as bait, and this, when fresh, has

the advantage of being tougher tban the salt bait, and not so easily

torn from the hooks. Much care must be exercised in searching for the

small and closely circumscribed spots on which the snappers are found;

and, even when found, the fish, which are usually so ready to take the

bait, cannot always be caught.

Some vessels put the whole of their catch in ice and thus carry them

to market; others carry the fish in the wells of the vessels, where much
care must be taken to prevent them from dying of suffocation. In

either case, when a fare is obtained it is necessary to reach the market

as soon as possible. From Pensacola all the fish shipped go by rail,

except those sent to New York, which are generally carried by the Sa-

vannah Steamship Company's line.

During October, November, and December the best catch of the year

is made, while from the middle of March to the middle of June com-

paratively little is done, so that the vessels generally haul up for two or

three mouths in summer. The fish range in weight from 2 to 35 pounds,

averaging 7 pounds. The average price paid by the Pensacola dealers

for the fresh fish is about 3 cents per pound, while the total amount of

red snappers taken during 1885 was about 2,000,000 pounds.

As those who have the best opportunities for knowing claim that the

red snappers are rapidly becoming scarcer on the grounds where they

are now taken, it seems eminently desirable that some means should be

adopted for preventing this depletion. If the abundance ofthis fish should

be exhausted, a promising industry would be broken up, and the country

at large would be deprived of one of the finest of our edible fishes. This

may be prevented by two methods: First, the application of artificial

propagation to the red snapper; and, second, the discovery of new fish-

ing-grounds that may be worked while the old ones are recuperating.

As to the artificial propagation of this fish, it must be said that at

present so little is known of its breeding habits that nothing can now be

done. It is a matter of congratulation that the recent researches of the

Albatross have demonstrated the important fact that there is a large

area of ground yet unworked off Tampa and south of it where the snap-

per is seemingly more abundant than where it has formerly been sought.

This may give relief to the old grounds before they are too much ex-

hausted, and may lead to further investigation and discovery.

24.—THE BLACK COD OF THE PACIFIC.

The black cod (Anojilopoma fimbria Pallas) of the North Pacific Ocean

is not a true cod (Gadus morrhua Linn.) in its family relation, but in

its appearance somewhat nearly resembles the pollock (Pollachius car-

bonarius Linn.), having a color on the back which has obtained for both

itself and the pollock in some regions the name of "coal-fish." Gener-
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ically the black cod is a member of the Chiridcc, or rock-trout, family of

the Pacific, which has, so far as is known, no species in the Atlantic.

As in order to obtain the common codfish (G. morrhua) the fish-dealers

of the Pacific coast are obliged to send large vessels on trips of 3,000

miles or more to the Shumagin Islands, Behring Sea, or the Sea of

Okhotsk, the occurrence of the black cod, which is found in abundance

in Puget Sound, Fuca Strait, and from Cape Flattery up along the coast

to Alaska, may be of great commercial significance. Black cod are not

common in the markets of San Francisco, where they are small in size,

weighiug about 3 pounds, and are little esteemed ; but farther north-

ward they are better and larger. The fish are found of larger size and

in greater numbers in the deep waters, at a distance of a few miles from

the coast, being especially abundant, so far as is yet investigated, off

the west coast of the Queen Charlotte Islands.

Most of the fishing has thus far been in the hands of the Indians,

whose appliances are necessarily rude, though evidencing a considera-

ble decree of skill in their adaptation to circumstances.

The problem is to catch these fish on a bottom that is more or less

rocky and studded with coral, in about 100 fathoms or more of water,

with a current of 4 miles an hour running in many places most of the

time. This cannot be done very well with gill-nets, unless possibly

they may be used as drift-nets, while the hooks of trawl-lines are apt

to catch on the uneven bottom and be lost.

The best method of curing and preparing the fish for market will

probably be found only after some experimenting. This cod, though

fat, does not easily rust, and they may be kept in pickle, like mack-

erel or preserved in various ways. Already they have been dry-salted

and sent across the continent, arriving in Washington and Boston in

good condition. They have been cooked in different ways and eaten

by several experts, and various opinions have been expressed as to their

edible qualities, all being more or less favorable. They are somewhat

different in taste from any Atlantic fish ;
but they have a firm flesh

with a good deal of fat, and are characterized by an oily savor, which

some call a little " strong."

The way to treat them in order to get their true flavor is -said to be

to soak them for at least twenty-four hours, changing the water fre-

quently in order to freshen them thoroughly (this is, of course, when

they have been well salted), and then simply to boil them, and serve

with plain boiled potatoes. When cooked in 'this way, they are called

fat and rich, with the flavor of the best mackerel. Made into fish-cakes,

the strong taste, which sometimes is found, disappears; and when

broiled and eaten cold they are much liked. The black cod has been

thought to resemble a bluefish or a quinnat salmon a little in its oily

taste. Some have declared that when boiled the black cod tastes much

like halibut's fin ; others, that it closely resembles the corned Newfound-

land turbot j and, as is well known, halibut's fius and turbot are con-
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sidered great delicacies by those who are. fond of fat or oily Jish.. It

makes a good salt fish, though scarcely equal to our regular codfish,

which it is not at all likely to displace in the Eastern markets.

When smoked it seems to be a success, and competent judges have
declared it equal to the best smoked Greenland halibut. Prepared in

this way, it bids fair to become a valuable article of commerce in all

parts of the country, if its catch, preparation, and distribution are not

attended with too great expense.

25.—THE FISHERIES OF THE PACIFIC COAST.

Mr. Charles H. Townscnd was sent to Alaska and the Pacific coast

during the present year to study the whale and other fisheries. A pre-

liminary report of his work, furnished by himself, is as follows:

1 was in Alaska, at the Pribylov Islands, in June, 1885, engaged in

zoological work, when the U. S. revenue-cutter Thomas Corwin called

there on her way to the Arctic. An opportunity offering to accompany
as naturalist an exploring party to be sent up the Kowak Eiver, I went
on board, and after several days' uneventful voyaging, during which we
called at Saint Michael's, Golofnin Bay. and Port Clarence, the Corwin
entered Behriug Strait on July 1. Here we encountered much loose drift-

ice, which impeded our progress into Kotzebue Sound, where we arrived

at 11 o'clock on the night of July 2, the midnight sun still shining

brightly, as might be expected from the high latitude and the season

of year. The steam-launch was put overboard, and our party, consist-

pig of Lieutenant Cantwell, two seamen, and myself, and several Eski-

mos, started up Hotham Inlet to the mouth of the Kowak. This river

flows into the inlet through a delta about 40 miles wide, the islands of

which bear a thick growth of low pines, the first I had seen in Alaska.

It is probable that the forests approach nearer the coast here than at

any other point in Northern Alaska.

In about eight days, by continuous traveling, we reached the head of

steam-launch navigation, at a distance of nearly 350 miles from the sea,

finding plenty of pine fuel all the way for our little steamer. Here,

with the assistance of two seamen, I set up my laboratory on board the

launch, which was supplied with a good canvas cover, and began col-

lecting, Lieutenant Cantwell and the natives going on to the source of

the river with the canoes. During the three weeks that I remained at

this camp, a remote spot in the interior of Alaska, and considerably

north of the arctic circle, I gathered a goodly collection of fishes, birds

mammals, and plants, and filled my note-book with memoranda on the

natives and the physical aspects of the country.

Lieutenant Cantwell found the source of the Kowak in a large lake

among the mountains nearly 4o() miles from the sea, a lake swarming

with the largest of trout (Salvellnus namaycut.li). Photographs were

taken at many places along the_jiver, as well as observations for lati-
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tude and longitude. The Kowak flows through a well-wooded country,

the forests frequently being separated by long stretches of open tun-

dra land. We saw a few reindeer, and had evidence of the presence of

many kinds of fur-bearing animals. Birds, 53 species of which I found

along the river, were numerous, and we fared well on the abundant fish

and wild fowl. Nearly every day we passed camps of natives engaged
in fishing, by whom we were always kindly received. The Kowak teems
with fish, of which I secured 18 species, including a few salt-water forms

from Kotzebue Sound.

We joined the Corwin at Kotzebue Sound on September 1, having
passed Lieutenant Stoney's party late in August as we descended the

river. Another party sent out from the Corwin, in charge of Engineer
McLenegan, had in the mean time explored the Noiitak Eiver, which
also flows into Kotzebue Sound.

At Hall Island, in Behring Sea, on our return trip, I killed an im-

mense polar bear, which I succeeded in preserving in good condition

for the national collection, with the help of the sailors Captain Healy
kindly sent to me.

Ou September 10 I disembarked at Saint Paul Island, where I spent

a month collecting and studying the fur seals. From there I went to

Oonalaska, where I spent two weeks with the birds and the fishes, and
returned to San Francisco by the Alaska Commercial Company's steamer

Dora, arriving on November 8.

My entire Alaskan collections are as follows

:

Mammals, 3G specimens (19 of which were fur seals), the rest mostly

small animals, representing 12 species; birds, 2G8 specimens, embrac-

ing 80 species ; fishes, a collection representing 18 species. One bird

from Otter Island (Tringa damascensis) is new to the fauna of North

America.

My report on the natural history and ethnology of Northern Alaska

is now in the hands of the Public Printer.

From San Francisco I proceeded to Humboldt Bay, Northern Cali-

fornia, where I remained until December 17, gathering statistics relat-

ing to the fishes of that part of the coast, and where I also obtained

150 birds and 11 mammals. I then spent a month visiting the whaling

stations along the southern coast of California and making inquiries

respecting the present condition of the gray-whale fishery. Owing to

stormy weather I was unable to obtain a skeleton of this whale. My
studies of this once valuable and now somewhat rare whale indicate

that the species is gradually re-establishing itself, now that it is undis-

turbed in its breeding resorts in the lagoons of Lower California.

26.—TREATY RELATIONS WITH GREAT BRITAIN.

As is well known, the provisions of the treaty of Washington relative

to the situation of Americans in the fisheries of Canada terminated on
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July 1, the United States having given tbe requisite notice to bring

about such result. Although an understanding was reached between

the Governments of Great Britain and the United States that fishing

privileges would continue until January 1, 1886, substantially as they

had heretofore existed, the necessity of obtaining data on which to base

subsequent negotiations was clearly seen. In order that this Commis-

sion might co-operate in the fullest way with the other branches of the

Government, it was determined to enter upon the most practicable ar-

rangements for collecting information. I accordingly, on the 10th of

December, addressed the following letter to the honorable Secretary of

the Treasury, which resulted in the desired instructions being given to

the customs officers and in the cordial cooperation of the Chief of the

Bureau of Statistics of the Treasury Department in the work. It is yet

too early to speak concerning the results of this undertaking.

U. S. Commission of Fish and Fisheries,

Washington, B. C, December 10, 1885.

Sir : The necessity of shaping and negotiating a new fishery treaty

with Great Britain affecting colonial waters in North America, and the

frequent petitions to Congress for general and special legislation affect-

ing the localities, seasons, and apparatus to be used in the capture of

different species, render it especially desirable to have at hand, availa-

ble for reference, full and accurate information regarding our fishery

interests.
>

A very large percentage of the fish are taken by means of vessels

licensed to engage in the fisheries by the Treasury Department. The
regulations of said Department require that the papers permitting the

vessel to be used in fishing be renewed at least once a year, and that

the owner or master of said vessel, or both, appear before the proper

officials of the Department to make the necessary signatures.

The owner and master of each fishing vessel are thoroughly informed

regarding the movements of the vessel and the amount of fish taken

during the last period of enrollment or license. I have, therefore, caused

the inclosed list of questions calling for general and statistical informa-

tion to be prepared for your consideration, and if it meets with your ap-

probation would respectfully request that you will cause the same to be

printed and distributed among the various customs officers along the

coast and in the region bordering on the Great Lakes, and that you will

instruct the officials of your Department to fill out the blank from infor-

mation obtained from the owner or master whenever they shall present

themselves at the custom-house to obtain or renew the necessary papers

for their vessel: I have further to request that such blanks as may
have been filled out, or copies of the same, be forwarded to me for com-

pilation on the first day of the month following the renewal of the vessel's

papers.
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By such an arrangement it is possible to obtain general and statis-

tical information of the greatest value to the Government for purposes

of legislation and record. The compilations from the blanks will, if so

desired, be sent to the Treasury Department for publication.

I have the honor to be, yours very respectfully,

SPENCER F. BAIRD,
Commissioner of Fish and Fisheries.

The Hon. Secretary of the Treasury,
Washington, D. C.

A circular with numerous questions was prepared and sent out to

fishermen and owners interested in cod, halibut, and other ground fish-

eries. A copy of this circular will be found in the supplement, page

CXI.

C.-THE INCREASE OF FOOD FISHES.

27.—BY PROTECTIVE MEASURES.

In addition to the reasons mentioned in previous reports for enacting

protective measures, it has been ascertained that a very slight pollution

of river water by the refuse from gas factories is fatal to sbad. In re-

sponse to a request from the Commissioners of the District of Columbia,

in May of the present year, I directed Colonel McDonald to investigate

this subject. The following is extracted from his report

:

I respectfully transmit herewith a report of a series of experiments made in obe-

dience to your instructions, with the object of determining the extent of the injurious

or deleterious influences exerted upon young shad confined in water containing differ-

ent proportions of the waste products from the ammonia works in West Washington.

The sample experimented with was furnished by the Board of Health, and was ob-

tained from the above-named works. A portion of the original solution has been re-

tained for reference. The result of the experiments shows that this waste product

exerts a distinctly deleterious influence when present in the water to the amount of

one-fourth of 1 per cent or in the proportion of 1 gallon to 400 gallons of Potomac River

water. No experiments were made wr ith solutions of less strength than one-fourth of

1 per cent. If we consider only the direct effect on young shad which have not yet

begun to feed, it is probable that the area of injurious pollution in the case of the

Potomac River does not extend very far from the point at which the waste products

are discharged into the river.

Before coming to any definite conclusion, however, we must take into consideration

the fact that the very young shad, which have not yet begun feeding, are much less

sensitive to injurious influences in the water in which they are than the same fish

after their sacs have been absorbed and they have begun feeding. We must further

consider that the minute food upon which the young shad feed is much more sensitive

to injurious influences (especially those exerted by the presence of coal-tar products)

than are the young fish which feed upon them.

Other investigations point to the same conclusions, as shown by the

following quotation from the Popular Science Monthly:

Messrs. C. Weigett, O. Sacro, and L. Schwab have investigated the effects on fish-

eries and fish-culture of sewage and industrial waste waters, and find them very
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damaging. Chloride of lime, 0.04 to 0.005 percent chlorine, exerted an immediately
deadly action upon tench, while trout and salmon perished in the presence of 0.0008

per cent of chlorine. One per cent of hydrochloric acid kills tench and trout. Iron
and alum act as specific poisons upon fishes. Solution of caustic lime has an exceed-
ingly violent effect upon them. Sodium sulphide, 0.1 per cent, was endured by teuch
for 30 minutes.

28.—BY THE USE OF FISHWAYS.

Fishway over the Great Falls.—Reference has been made to this work
in previous reports. Since then a site has been selected for the con-

struction of a suitable fishway which it is hoped will enable shad
striped bass, and other food-fishes to ascend to the upper portion of the
Potomac.

A plan of fishway, suggested by Colonel McDonald, who prepared the

necessary working drawings for the purpose, was adopted, and recom-
mended to the Secretary of War for such further action as he mioht
think proper.

A contract having been given out by direction of the Secretary of

War for constructing the fishway, work was pushed forward during the
summer of 1885. The conditions of the contract required the entire

work to be completed on October 31 of the present year. Five sec-

tions were at that date in process of construction, and high water oc-

curring at about that time found none of the six sections completed,
and put an end to the work for the season.

The lowest or sixth section was most advanced toward completion
'

needing only the setting of the line of coping provided for in the plans
and specifications to insure the permanence and durability of the con-

struction. It suffered little or no injury from the floods and ice of the
winter, and needs only to be completed as planned to render this part
of the construction permanent.

The work remaining to be done at the end of the year is as follows :

(1) Tue erection of a weir dam, about 40 feet long and 5 feet hi«-h

from the abutment of the fishway to the opposite shore, the object of this

being to regulate and control the supply of water to the fishway, and,
at the same time, to provide for discharge of the surplus water.

(2) To clear out the channel below the weir dam, so that the water
flowing over the dam may be discharged into the river below by the
side of the fishway, instead of over the lower end, as is now the case.

(3) The placing and securing of the 12-inch coping to cover the
rubble masonry walls forming the sides of the fishway.

(4) The removal of the loose rock piles up at the lower end of the
fishway and excluding fish from access to it.

The matter will be brought to the attention of the Secretary of War
in the spring of 1S86 with the request that at least section 6 be com-
pleted at once. An additional appropriation may be required for com-
pleting the other sections.
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29.—SOME OPINIONS OF THE IMPORTANCE OF ARTIFICIAL PROPA-

GATION.

Sir Lyon Playfair made a very careful examination of the Wood's

floll Station and other appliances of the Commission, and on his return

to England endeavored to stimulate endeavor in Great Britain by the

following allusions to the United States:

"In regard to the special subject of carp, much progress has been

made in the United States by the introduction of the two German va-

rieties. It is curious that they should have done so before the mother

country, for the remains of old fish ponds are spread over England, ana

are almost always near the old monasteries. Tens of thousands of old

carp ponds once existed in England, but as the carp were no longer

cultivated they reverted to their wild state and became valueless. In

China and Germany the culture of carp is still an important industry.

The United States, in introducing the culture, wisely selected the Ger-

man species. In 1S82 the carp bred in the Commissson ponds at Wash-
ington were distributed in lots of twenty to ten thousand applicants in

every State and Territory. The average distance to which they were

sent was 900 miles, and the total mileage of shipments was 9,000,000

miles ; while the actual distance traversed by the transportation railway

cars was 31,000 miles. Already German carp have been introduced

into thirty thousand separate waters.
u But I do not wish to limit my letter to carp by any means. Aqua-

culture has become an important affair of the State among our trans-

atlantic brethren. The separate States prosecute it, and in 1882 spent

£24,000 in its promotion. The National Government spent nearly

£30,000 on the same object. The scale on which this is done may be

indicated by the fact that the Government at Washington provided

the Fish Commission with two steamers, commanded by officers of the

Navy, and specially designed for scientific research and for fish propa-

gation. The Albatross, of 385.83 tons, is a model of what a ship should

be for the first purpose; the Eish Hawk, of 205.71 tons, is not good in

heavy seas, but is well fitted for the latter purpose. There are seven-

teen hatching stations, of which the head is at Wood's II oil, in Massa-

chusetts. Having paid a short visit to Professor Baird there this year,

I am tempted to enlarge upon it; but I will only say that there is an

excellent house for the staff, containing thirty beds, laboratories for

research, and hatching ponds for 2,000,000 young cod. Much of the

work is done by volunteer agency. The various u niversities send their

naturalists, and the Smithsonian Institution devotes money for special

researches and publications.

"There is an essential difference between the mode of proceeding of

the Government of the United States and that of our own country in

relation to fisheries. We have had commissions without end, on some

of which I have served. Vast bodies of contradictory evidence have

been obtained from fishermen, who, I agree with Huxley, know less
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about fish than the community. Our commissions have led to little use-

ful result. The American commissioners act in a different way. They
put questions directly to nature and not to fishermen. They pursue sci-

entific methods, and not those of " rule of thumb." They make scien-

tific investigations into the habits, food, and geographical distribution

of fishes, and into the temperature of the seas and rivers in which they

live or spawn. Practical aims and experiments are always kept in view.

As an experiment, they tried to introduce shad on the Pacific coast

and succeeded ; they tried to introduce California salmon to the Atlantic

slope and failed. As an instance of a practical aim, they have restocked

the Sacramento and its tributaries so effectually that the annual in-

crease each year, for the last few years, has been 5,000,000 pounds.
" The object of my letter is to show that, while the private propa-

gator may cultivate young fish by thousands, aquaculture can only be
undertaken by a government, for its statistical results must be counted
up by hundreds of millions. In the United States all the departments
of the Government cordially co-operate in fish-culture; the railways as-

sist, and provincial bodies are active. In Scotland we have a fishery

commission, willing and able to make experiments, but the Admiralty
cannot find a vessel to make dredging experiments, and the Treasury

cannot find £1,000 to carry out important researches only half complete.

Biological stations in England and Scotland are being formed slowly on
account of deficient public support."

A very interesting series of articles published in the American Field

by Mr. A. Booth, a well-known fish-dealer of San Francisco and Chi-

cago, commencing with the number for November 7, 1885, contains some
very important suggestions. He calls attention to the fact of the very

great decrease that has taken place in the fishery industry, and
quotes the statement of an old and experienced fisherman of the lakes,

as follows

:

" Fifteen years ago a sail-boat, with a crew of four men, used to run

from eight to twelve gill-nets, and catch 2,000 or 3,000 pounds of fish at

a haul. Now it takes a gang of sixty to eighty nets to catch as many
pounds, and it takes a steam-tug and seven men to tend the nets. We
may catch more fish now, altogether, but we don't make as much money
as we did a while ago."

He further remarks that originally "whitefish in almost any quantity

could be taken at almost any point along the shores of the lakes and
their connections, even by the use of seines, and the pound-nets rarely

needed to be more than 20 feet in depth. Now the fish have become so

scarce that it is no unusual thing to run out as much as 40 miles to

their fishing-grounds, and pound-nets are used 40, GO, or even 100 feet

in depth."

An examination of the books of a very successful fisherman of Mil-

waukee shows that where formerly his catch averaged 1,000, 2,000,

and 3,000 pounds, now it scarcely amounts to as many hundreds.
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In an article on the improvement of fisheries, by Mr. A. Booth, he

states in reference to tbe utility of artificial propagation that, about

eleven years before (in. 1871), he started a salmon cannery on the Sac-

ramento River, in California, but was forced to abandon it for lack of

fish. About the same time the U. S. Government started a salmon

hatchery on the McCloud River, a tributary to the Sacramento. In

about three years he went back to his cannery, and year before last

(1883) there were eleven canueries on that stream, and each had all the

fish it could handle.

He thinks, therefore, that the depletion of the finer fish in the Great

Lakes as well as in the river, whether salmon, whitefish or other species,

can, without any question, be remedied by artificial propagation.

So impressed was Prof. J. Cossar Ewart, of Edinburgh, with what he

saw of the American methods in his visit in 1884, that, at his sugges-

tion, the Scotch Fishery Board cabled to send, at their expense, a fish-

culturist competent to conduct operations in connection with the sea-

fisheries, and to assist them in inaugurating methods for the multipli-

cation and propagation of various species.

The Chilian Government, similarly impressed with the importance of

preserving its fisheries, placed the matter in the hands of an engineer

and entered into negotiations with this Commission as has already been

described under the head of "Courtesies to Foreign Countries."

30.—BY THE DISTRIBUTION OF FISH AND EGGS.

Since the fish transportation cars were constructed, the method of the

distribution of fish and eggs has been almost entirely changed; namely,

from service by means of messengers using the baggage-cars of pas-

senger trains, to the employment of cars built or fitted by the Commis-

sion expressly for the purpose. A great economy of service has been

the result ; and where a shipment of ten thousand was formerly pos-

sible, millions can now be sent. This work has been under the direc-

tion of Colonel McDonald.

The total distribution of fish to public waters in the United States

during ten years of activity, viz, from 1872 to 1882, has been tabulated

under Colonel McDonald's direction, and the table will be found on

pages ex and cxi of this report. It shows the following totals

:

Fish.

Shad
Whitefish
California salmon
Atlantic salmon
Presh-wa t er herring—
Landlocked salmon
Rockfish or striped bass
Spanish mackerel
White porch
California trout

Number.

200, 94G, 350

77, 072, 000
33, 172,734
12, 510, 887

9, 833, 000

6, 404, 961
400, 000
270, 000
180, 000
116, 830

Fish.

Brook trout
Salmon trout
Cod
Rangeley trout
Schoodic salmon (hybrid)
Rhine salmon
Moranko

Total

Number.

88, 200
40, 600
25/000
12, 500
10, 000
4,500
409

341, 096, 971
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31.—SPECIES OF FISH, ETC., CULTIVATED AND DISTRIBUTED IN 18S5.

The species of fish and invertebrates receiving the attention of the

Commission during the year, with the exception of the addition of a few

of more or less interest, are the same as heretofore. Work has been

prosecuted on a large scale in regard to only a few species ; those receiv-

ing special attention, in addition to the several varieties of Salmonidcv,

are the shad, the carp, and the codfish. The scale of the operations

on which the work has been conducted, has, however, in many cases

been much greater than heretofore ; not only a larger number having

been hatched out, but the area of distribution being greatly extended

The following is a list of the species included:

a. The Codfish (Gadus morrhua).

1). The White Perch (Eoccus amerieanus).

c. The Whitefish (Coregonus clupeiformis).

d. The Moranke {Coregonus albula).

e. The Grayling (Thymallus tricolor).

f. The Brook Trout (Salvclinus fontinalis).

g. The Lake Trout (SalveUnus namaycuslt)

.

h. The California, Rainbow, or Mountain Trout (Salmo iridcus).

i. The Atlantic or Penobscot Salmon (Salmo salar).

j. The Schoodic or Landlocked Salmon (Salmo salar subsp. sebago).

le. The Brown or European Trout (Salmo fario).

I. The Loch Leven Trout (Salmo lerenensis).

m. The Quinnat or California Salmon (Oneorbynchus chouicha).

II. The Shad (Clupca sapidissima).

o. The River Herring (Clupea aestivalis).

p. The Smelt (Osmerus mordax).

q. The Tomcod (Microgadus tomcodus),

r. The Carp (Cyprinus carpio).

8. The Goldfish (Carassius auratus).

t. The Golden Ide or Orf (Leuciscus idus).

u. The Tench (Tinea vulgaris).

v. The Catfish (Amiurus nebulosus).

w. The Little Round Clam (Tapes staminea).

x. The Oyster (Ostrea virginiaa).

y. The American Lobster (Tlomarus amerieanus).

In addition to the species mentioned in the foregoing list, the red-eye

perch (Ambloplites rupestris) and black bass (Micropterus rfolomiei) have

received favorable consideration and may perhaps be added to the list

of species cultivated at an early date. A small lot of each was col-

lected the present year for the special purpose of meeting a request

from the Marquis of Exeter.

The black bass, although frequently called for, cannot be recom-

mended to farmers generally, or for use in limited waters, on account of

the carnivorous nature of the species, the necessity of keeping them
apart from other fishes, and the expense of providing them with suit-

able food. They are, however, frequently used to advantage for stock-

ing rivers and large bodies of water.
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The Commission is in receipt of many requests for eels, but it has not

been feasible to attempt their propagation for the purpose of distribu-

tion. Eels are found so generally throughout the country that persons

wishing to cultivate them can quite readily obtain them without the

assistance of the General Government.

a. The Codfish (Gadus morrliua).

The Wood's Holl Station.—Preparations were made on an extensive

scale for hatching the eggs of the codfish at this station, and during

the winter considerable valuable work was done. Early in December
Col. M. McDonald and Prof. John A. Eyder visited the station to ob-

serve the operations in cod hatching, which were carried on under the

direction of Capt. H. C. Chester. The first eggs, G,000,000 in number,

were taken on December 2. Many million eggs were taken during the

season from comparatively few fish, and were hatched with a rela-

tively low percentage of loss. In one case, with the use of the Chester

apparatus, fully 90 per cent were hatched. The filtering of the water

through cotton in the McDonald jars was found to be an improvement,
and cones with Captain Tanner's attachment were also used. In some
instances the density of the water seemed to be too little, causing a

considerable loss of the eggs. Several millions of fry were planted

near the station ; while early in 1886 about 500,000 fry were sent to

Washington, thence to Pensacola, from which point they were carried

by a revenue-cutter some 25 miles out in the Gulf of Mexico and there

safely deposited with a loss of only about 10 per cent.

h. The "White Perch (Roccus amcricanus).

The Battery Station.—Several large ripe perch were taken in the seine

while hauling it for shad, and their eggs were impregnated and de-

veloped in a Chase jar. During the season 1,250,000 perch eggs were
thus obtained, and 1,000,000 fry were hatched and planted.

c. The Whitefish (Coregonus clupeiformis).

The Northville Station.—The work at this station, which remained
under the supervision of Mr, Frank 1ST. Clark, was carried on by much
the same methods as formerly in use and shows a satisfactory increase

in results over those of the previous year. During November and
December, 1885, more than 100,000,000 eggs were received at this sta-

tion, mostly from the island region of Western Lake Erie and from fish

penned at Monroe, Mich. The first eggs came froui the spawning beds
of Lake Erie on November 11, and the last on December 7. For hatch-

ing, the eggs were carried forward in creek water, which is several

degrees colder than spring water, until about six weeks before the time

of hatching out. Then different lots of eggs were transferred at in-

tervals to spring water, thus causing them to hatch at slightly different

times and preventing an overtaxing of the facilities for handling and
shipping. The hatching began on March 7 and ended on April 20, the
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average period of incubation being' 125 days. The temperature of the

water used varied from 32° to 43° Fahr., the average being 34-4°. The
shipments of eggs for the season, amounting to 42,800,000, which is an

increase of 11,800,000 over those of last year, were made principally

during December and January, of which total, 2,000,000 were sent' to

the National Fish Culture Association of England ; 2,000,000 to the

German Fishery Association, through Herr von Behr, its president;

1,000,000 to the Swiss Government ; 1,000,000 to New Zealand, by way
of California ; while the bulk of the stock went to Pennsylvania and

Minnesota ; 2,000,000 to the central station at Washington ; and the

rest to three States and one Territory, as well as to all the waters of the

Great Lakes. In general, the shipments reached their destinations in

good condition, and but a very small percentage of loss was reported.

In every instance the eggs were carefully bandpicked, and the details

of each shipment were carefully attended to. The car work, also, was

very successful, owing largely to the employment of two cars instead

of one as heretofore, which prevents the accumulation and overcrowd-

ing of fry and allows of their disposal while in a vigorous condition.

In the nineteen trips the two cars ran a distance of over 10,000 miles, no

roads making any charge for this service, except the Chicago and North-

western. Whenever possible, a tug was procured, from which to make
the deposit of fry, care being taken to convey them not less than 2

miles from shore.

The Alpena Station.—The work at this station is carried on in con-

junction with that at North ville, and 10,000,000 of the eggs taken in at

Alpena were repacked and sent to North.ville where there are better

facilities for shipping. During the season 08,000,000 eggs were received

at the Alpena hatchery. Most of this supply came from the west shore

of Lake Huron and from Lake Michigan, 20,000,000 being obtained from

new territory along the north shore of Lake Michigan where eggs were

taken as late as December 10, when the fish were still spawning. The
hatching season at Alpena was about a month later than at Northville,

but the busy periods at the two hatcheries about coincide.

The number of eggs hatched at both stations for distribution to the

Great Lakes was 92,000,000 (distributed from Northville, 52,000,000

;

from Alpena, 40,000,000), an increase of 4,000,000 over the preceding

year, while the number actually planted was considerably greater than

last year, owing to slighter losses in transportation. These, fry were

distributed to the great lakes as follows

:

To Lako Huron 30,000,000

To Lake Michigan 29,000,000

To Lake Erie 15,000,000

To Lake Ontario T 12,000,000

To Lake Superior - 0,000,000

92, 000, 000
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The Cold Spring Harbor Station.—On January 1, 1885, a case contain-

ing 1,000,000 whitefish eggs was received from the Nortkville station

in excellent condition. These eggs were placed in the McDonald jars

and hatched well ; and 900,000 fry were planted in the deep lakes of

Long Island.

d. The Moranke (Coregonus albula).

The Bucksport Station.—On January 30, 1885, a case containing 50,-

000 eggs of the small species of Coregonus inhabiting Lake Constance,

Switzerland, was received at the Cold Spring Harbor station from the

hatchery of Carl Schuster in Baden. The eggs were in good condition,

and were repacked and shipped to the Bucksport station, which they

reached with a loss of only 300 dead. Subsequent losses in hatching
.

left 10,000 fry, which in April were planted in Heart Pond, near Or-

land, and Lake Hebron, near Monson, in Maine.

Two consignments of the eggs of this fish, aggregating 150,000, were

also received from the Deutsche Fischerei-Vereiu, 100,000 of which

were allotted to the Bucksport station for hatching and planting in

Maine waters, and 50,000 were sent to the Northville station for stock-

ing suitable lakes in the Northwestern States.

It appears from the proceedings of the Acclimatization Society of

France in 1885 that while the United States was receiving eggs of C.

albula from Germany the above-named society was also being favored

by the Deutsche Fischerei-Verein, 100,000 eggs having been received at

Paris in the spring of that year. M. Baveret-Wattel, secretary of the

society, reports it to be an excellent species for introduction into the

lakes of Northern Europe and of especial value to the fresh waters of

France, such as the lakes of Auvergne.

Of it Herr von dem Borne says: "It is a very fine fish found in deep

lakes of Northern Germany, growing to one or one and one-half pounds
weight."

The following description of Coregonus albula is by the late Prof. B.

Benecke, of Konigsberg

:

The body is six times as long as it isliigb, and 2 to 2^ times as high as it is thick; the

head is pointed ; the snont does not have a blunt end ; the lower jaw projects a little,

and its thick chin fits in a shallow cut of the middle jaw. The jaws have no teeth

;

only the tongue has very diminutive and tender teeth. The shape and position of

the fins resemble that of other kinds of Coregonus. The color on the top is bluish-

green, on the sides and belly silvery ; the dorsal, ventral, and candal fins are gray,

and the other fins colorless.
#
Tho milters are much more slender than the- spawners.

The small Marane is found in nearly all deep lakes of the Uralo-Baltic range from
Russia to Mecklenburg, also in the southern part of Scandinavia and in Finland.

Generally living in deep water where they feed on small crustaceans, worms, and
muscels, they come to tho surfaco only at night, especially during warm summer
nights, when they sport in the water so that the splashing cau be heard for some dis-

tance. In November and December they go into shallow water for tho purpose of

spawning, geuerally only at night, and leaping about in an exceedingly lively man-
ner, and making a great deal of noise they drop each from 2,000 to 5,000 eggs, about 2

millimeters in size, into the water. The eggs sink to the bottom, and generally ad-
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here to the petioles of aquatic plants which are, with hardly an exception, found in

all spawning places. In larger lakes the Coregonus albula regularly wanders about
in large schools; thus, e. g., in September and October they leave the Mauer Lake and
the Lowentin Lake in East Prussia and. go into the Spirding Lake, to return a rrain in

spring. In most of the lakes this fish reaches a length of 12 to 15'centimeters ; but
in many waters, e. g., the Dadey Lake, near Bischofsburg, the Lyk Lake, near Lyk,
and many others, it reaches a length of 20 to 35 centimeters. As it is highly esteemed
on account of its delicate meat, this fish is caught in large numbers with nets and
seines, and is brought into the market either fresh or smoked.

e. The Grayling (Thymallus tricolor).

The Michigan grayling is native to the waters of only a small por-

tion of Michigan, but is also found in the headwaters of the Missouri, in

Montana, and in the region of the Yellowstone Park. It never occurs

south of latitude 43° north, and its principal habitat on this continent

is, or was until recently, in the northern part of the southern peninsula

of Michigan, in the clear, cold, rapid streams emptying into Lakes
Michigan and Huron, especially in the Manistee and Au Sable Rivers.

The Michigan grayling was first called to the attention of local scien-

tists in 1854 or 1855, and it was described and locally known as Thymal-

lus michigansis up to 1864, when its present name of T. tricolor was
given it after a careful examination by Prof. E. D. Cope. The Fish

Commission Eeport for 1872-73, printed in 1874, contained a valuable

article on this fish by the late James W. Milner.

The average size of the grayling is about 10 inches in length and 8

ounces in weight; though they have been taken 16 inches long and
weighing 2 pounds, and even more. It is said to be equal to the brook
trout in flavor, and is one of the gamiest of fish; but, unlike the trout,

it is more likely to be found in the swift ripples and shallows than in

the quiet pools of the stream. While the adult trout and grayling live

together in harmony, the eggs and young of the latter often furnish a

dainty meal for the trout, and hence the grayling is being driven from

streams which are congenial to the trout.

Thirty years ago the grayling were very abundant in some of the

streams and rivers of Michigan ; but of late years they have been dis-

appearing so 'rapidly that their final extermination in this region is

feared, unless something is done to prevent it. This disappearance is

due somewhat to excessive, fishing, but largely to the migration or in-

troduction of the trout into the famous grayling streams, and perhaps

still more to the settling up of the country and the consequent increase

in lumbering. The grayling spawns in spring, about or immediately

preceding the beginning of running the logs down the streams, gener-

ally spawning in the body of the stream where the water is not very

deep. Then the logs come down, driving off the fish, raking up the

beds, and destroying the spawn.

In favorable waters this fish is prolific (more so than the brook trout),

yielding an average of from 3,000 to 4,000 eggs per spawuer. Its spawn-

ing season seems to range, in Michigan, liom about the middle of March
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to the middle of April, according to the severity of the season. In 1878

it was found that the spawning season in the Manistee was about over

on March 30; while in 1885 the last eggs were taken in the Manistee on

April 24, and in the An Sable on April 18.

Several attempts have been made to propagate the grayling, but all

without much success. Some have gone so far as to hold that it is be-

yond the reach of artificial fish-culture, but it has been done on a small

scale with a slight measure of success, and may succeed with more ex-

perience, as the previous work has been largely experimental. In the

spring of 1876 there were handled at the Northville station 2,000 eggs

taken from grayling caught by Mr. Fred Mather, and a small percen-

tage hatched; and in April, 1885, 20,000 eggs were taken from fish

caught with hooks in the Au Sable and Manistee Eivers, and the hatch-

ing was fairly successful, but heavy mortality occurred after hatching,

as no suitable food was found for the young fish. Those that lived,

however, did well and grew rapidly. The Michigan State Fish Com-

mission has made several experiments in cultivating this fish, but all

without definite result. Experience seems to show very clearly that

the grayling will not successfully endure domestication or confinement

in trout ponds, as in 1884 the Michigan Commission placed a number of

adult grayling in its trout ponds at Paris, Mich., but not a fish has

spawned or showed the slightest inclination to do so, while they have

gradually died, till but few are left. Experiments in this line will prob-

ably be continued under more favorable and natural conditions. Credit

is due to Mr. Martin Metcalf for first obtaining the eggs artificially from

grayling reared in the ponds of the Michigan Fish Commission, and

for impregnating and hatching the same. This was done in the winter

of 1879-'80.

The Wytheville Station.—In the spring of 1885 about 300 grayling were

hatched from eggs collected from wild fish in the streams of Michigan

by Mr. F. N. Clark and forwarded to Wytheville. These 300 fish are

being kept for breeders, and at the close of the year were in fine condi-

tion.

/. The Brook Trout (Salvelinus fonlinalis).

The Northville Station.—The work of the past season may be regarded

as fairly successful, though not so much was done as usual. In all,

225,000 eggs were obtained ; from which number, 145,000 eggs were

shipped, 25,000 fry hatched, and 25,000 eggs sent to the Michigan fish

commission at Paris, Mich., in exchange for an equal number of eggs

of the same species which were hatched at Northville and mostly re-

tained for breeding purposes. Of the 145,000 eggs shipped, 30,000

went to Mr. Fred Mather, 25,000 of which were reshipped to the Deutsche

Fischerei- Verein of Germany, 10,000 to the National Fish Culture Asso-

ciation of England, and 1,000 to the Government of Switzerland, the

rest being distributed among State commissioners and private appli-
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cants. There were shipped to Indiana and Michigan 4,000 fry during

April and May, while the remaining fry were kept to replenish the

ponds. During Juue 305 yearling and two-year-old wild trout were

taken from the streams of Northern Michigan and brought to the North

ville Station. During March, April, and May 550 yearling brook trout

were distributed from the station to six private persons in Michigan,

Indiana, and Ohio.

The Gold Spring Harbor Station.—During January 7,000 eggs were

received from the Northville Station, from which about 5,800 healthy

fry were obtained. These fry, with 10,500 others from eggs taken at

the hatchery, were planted in streams of Long Island.

g. The Lake Trout (Salvelivus namaycush).

The demand for some species of fish other than carp for pond culture

is growing so rapidly that it bids fair to equal that which has hereto-

fore existed for carp. In ordinary ponds fed by surface water, the sum-

mer temperature of which rises above 00°, some species of Gentrarchidce

would probably be best. There are, however, all over the Northern

States facilities for the construction of ponds by damming back spring

branches in which the summer temperature of water is certainly too

low for the proper cultivation of carp. To supply the desideratum in

reference to this it will be necessary to provide some species of Sal-

monidce adapted to pond culture. 'The California trout and the lake

trout—especially the latter—would seem to be best adapted to the pur-

pose. The experiment should be made on such a scale and under such

variety of conditions as will thoroughly test its feasibility. Believing

that the lack of success heretofore experienced in planting Salmonidce

has been due to their helpless condition when planted, it seems advis

able to hold them until they have attained a length of 5 or 6 inches,

when, from their size and vigor, they are almost safe from the attack of

predaceous fishes that may be in the water. A trout of the size and

age indicated would seem to have as fair a probability of life as a full-

fledged birdling. One hundred such placed in a stream or pond, under

natural or artificial conditions which are favorable, would give a better

promise of success than the planting of 10,000 fry under the same con-

ditions prior to the absorption of their sacs.

The Bucltsport Station.—For the purpose of furthering the experi-

ments indicated, Mr. Clark was directed on November 14, 1885, to for-

ward to Bucksport, from the eggs then ready for distribution, 50,000

lake trout eggs and an additional 50,000 as soon as they were ready.

Mr. Atkins was instructed to retain as large a number as he could safely

care for, pi anting the balance in suitable waters in the vicinity. It was

thought that the fry could be retained in the hatching-troughs until

the following May or June, which would meantime give an opportunity

to make provision for them in the ponds. The 100,000 eggs safely

reached Bucksport and were hatched without material loss, and in the

middle of May, 1886, were still in good condition.
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The Northville Station.—The work done with this species during the

past season was more than three times as great as that of any preceding

year. The number of eggs collected was 1,475,000; of which 1,031,000

eggs were shipped away, and 115,500 fry hatched. During the winter

and spring 75,500 fry Avere sent to various points in Michigan, Indiana,

and Ohio, while 40,000 fry were retained at the hatchery. Thus there

was a total of 1,146,500 eggs and fry successfully handled. More eggs

were taken at Thompson, Mich., on the north shore of Lake Michigan,

than at any other point, though this was the first attempt in that region,

while many were also taken from the island shoals of Thunder Bay and

vicinity in Lake Huron. The eggs were taken by Mr. S. P. Wires and

his assistants, of the Alpena station, and were at once forwarded to

Northville, wit-h scarcely any loss in transit. Of the eggs distributed,

50,000 each were reshipped by Mr. Fred Mather to the Deutsche Fisch-

erei-Verein of Germany, the National Fish Culture Association of En-

gland, and the Government of Switzerland; while 25,000 were sent to

Mexico. The remaining were shipped to twelve States and to the cen.

tral station at Washington. As far as known, all of these shipments

arrived in good condition, except that to Mexico, which was too long on

the way and was probably exposed to too high a temperature.

ft. The Rainbow, California, or Mountain Trout (Salmo irideus).

The McCloud River Station.—Mr. Livingston Stone retains the general

superintendence of this station, while Mr. Loren W. Green was there in

person to attend to the actual work during the season. The spawning

began a little later this year than heretofore and did not last as long

as usual, the first eggs (15,000) being taken on December 27, 1885, and

the last (3,000) on April the 29th following. A violent storm visited

the river just before the beginning of the spawning season, which caused

some injury to the trout by making the water in the ponds very muddy.

This storm was followed by a remarkably dry winter, which was unfa-

vorable to the taking of spawning trout and caused very few eggs to be

obtained in April. A total of 313,600 eggs was taken during the sea-

son, which was very creditable under the circumstances. Of the 246,000

eggs sent away, with the exception of one lot to Washington that was

frozen in transit, all were received in good condition, and Mr. Green's

method of packing seems very satisfactory. There were hatched and

planted in the McCloud River 28,700 fry, and 11,300 were hatched for

the ponds at the station.

Early in the fall the trout in the McCloud River and in the ponds

were observed to be dying from some unkuown disease. The symptoms

were peculiar, and the disease seemed to be contagious, being appar-

ently communicated to those in the ponds by the fish caught in the

river, and attacking chiefly the larger trout. This has probably greatly

reduced the number of spawners for the season of lS85-'86.
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The Northville Station.—During the season 167,000 eggs were taken,

of which number 5,000 were shipped and 30,000 were hatched, while

the remainder died in the hatching-boxes. Of the 30,000 hatched a

large percentage died within six weeks, in spite of the greatest care and

attention, while no more than 5,000 survived. These small returns in-

dicate tbat this species of trout does not successfully become acclima-

tized in the waters of the station, although special efforts have been

made for a number of years to bring about this result. A total of 3,304

yearling and two-year-old fish were distributed by means of car No. 2

and special messengers for stocking streams and lakes in Indiana, Mich-

igan, and Ohio.

The Cold SpringEarbor Station.—During February and March 20,000

eggs in good condition were received from the Northville Station. These

hatched very well, and 14,500 fry were planted in streams of New York,

mostly on Long Island.

The Wytheville Station.—From this station there were forwarded to

applicants 30,000 eggs, while 166,000 were retained to be reared. The
distribution from Wytheville was made to the headwaters of the Shen-

andoah, in Augusta County, Virginia, to tributaries of the Potomac in

Washington County, Maryland, and to a number of spring-fed, cold,

water ponds in Maryland, Southwestern Virginia, and Tennessee.*

i. The Atlantic or Penobscot Salmon (Salmo salar).

The Bucksport Station.—Mr. Charles G. Atkins remained in charge of

this station, the operations being conducted as formerly by the United

States, the Maine, and the Massachusetts Fish Commissions. The breed-

ing salmon were purchased, as heretofore, from the Penobscot River fish-

ermen, beginning on Junel and ending on June 20. In all, 091 were

'Writing under date of July 28, 1885, Colonel Marshall McDonald says :

" I had the seine drawn yesterday in one of our ponds containing California trout

(breeders). I found them in splendid condition, but not averaging as large for their

age as they will hereafter, as our original stock was badly handled at the start, and
stunted. Many of them will, however, average from 2 to 2^ pounds, and from the

whole, barring accidents, we ought to get not less than 150,000 to 200,000 eggs next

season. We have lost but one breeding fish this season, and that I believe was choked.

Last year during the hot weather we lost about 1,100 two-year-old fish ; then the

wooden tanks or ponds in which the fish were kept were entirely above ground.

Since then I have had them banked around with earth and the upper ends of the

ponds filled in with clay, gravel, and bowlders. The present fine condition of the fish

I attribute to these changes. The new ponds on the hillside below the hatchery all

have earth bottoms, and the advantage is seen in the remarkable growth of the fish

in them; some of the yeai'lings are now 8 inches to 9 inches long. This spring's hatch-

ing (the fish are now about four months old) will range from 3£ to 4-A- inches long.

"I regret very much to have to report that the losses in the California trout after

they began feeding were very great, and we will not have over 30,000 for distribution.

This mortality Mr. Seagle attributes to the fact that the fry had to be held in the

hatching-troughs long after they had begun feeding. 1 think he is probably right;

at any rate, this cause of loss will no longer exist, as we shall hereafter be able to

place the fry on earth-bottom ponds as soon as they begin feeding."
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obtained, of which number 610 were placed alive in the inclosure of a
part of Dead Brook, 81 having perished ki transit from the excessive

heat of the river water. At the spawning- season 501 were recaptured,

being about 82 per cent of those placed in the inclosure, and 72£ per

cent of all those obtained.

The size of the salmon this year was small. At the spawning season,

when most of the fish were weighed, the females averaged 12f pounds
before spawning, and the males averaged 10 pounds ; the average length

was about 31 inches, and the females yielded an average of 8,667 eggs

apiece. The spawning, which was accomplished between October 27

and November 5, furnished nearly 2,500,000 eggs. The available stock

of eggs, after losses were deducted, was 2,316,000, of which number
1,000.were kept for experiment, while the remainder were shipped to

the order of the contributors to the fund, as stated below. The trans-

fers were made with exceedingly small loss.

Contributor.
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about the same as those of 1884, but there was a slignt decrease in

weight (from about 4.1 to 3.6 pounds), and a considerable falling off in

the average number of eggs to the spawning female (from 2,350 to 1,720).

The station is operated jointly by the U. S. Fish Commission and the

State commissions of Maine, Massachusetts, and New Hampshire, and
the eggs obtained are allotted according to contributions to the ex-

penses of the station by the commissions. The expense during the

present year ($1,678.01) was distributed as follows: United States,

$578.01 ; Maine, $500 ; New Hampshire, $300 ; Massachusetts, $300.

Total production of eggs for the season 994, 355

Losses during incubation 127, 655

Available for distribution 866, 700

Hatched at the station and returned to Grand Lake stream (less a loss of

891) 225,700

Available for pro rata distribution 641,000

Which were alloted as follows

:

To the U. S. Fish Commission 222,000

To the Maine Fish Commission 189,000

To the Massachusetts Fish Commission 115,000

To the New Hampshire Fish Commission 115, 000

641,000

Those allotted to the U. S. Pish Commission were assigned as fol-

lows:

To the Deutsche Fischerei-Vereiu, Germany 20, 000

To the National Fish Culture Association, England 20, 000

To State commissioners and individual applications 182, 000

222, 000

In general, these eggs reached their destinations in good condition,

and were successfully hatched and planted. Full details regarding the

fish caught, their size, and the shipments of eggs may be found in tables

appended to the report of Mr. Atkins.

The Northville Station.—On March 19 a case containing 29,000 eggs

was received from the Grand Lake Stream Station in excellent condi-

tion, and on April 14 hatching was completed with a loss of only about

600. A few weeks later 22,000 fry were planted in streams in the north-

ern central portion of Michigan.

Tlie Gold Spring Harbor Station.—In March 60,000 eggs were received

from the Grand Lake Stream Station in excellent condition. It was in-

tended to plant the fry in some of the Adirondack lakes, but through

some misunderstanding the fish were kept too long, and were finally

deposited during May in lakes on Long Island.

k. The Brown or.European Trout (Salmo fario).

The Northville Station.—A few of the German trout reared at this sta-

tion spawned in December, 1885, and 8,000 eggs were obtained. Two
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lots of eggs, 23,000 in number, were forwarded from the Cold Spring

Harbor Station, the second lot of which (13,000) arrived in poor condi-

tion. From these 31,000 eggs 20,000 fry were hatched, which were re-

tained at the station. The stock fish of this species in the Northville

ponds show a better growth than the brook trout, and the outlook for

the future is very promising.

The Cold Spring Harbor Station.—In February a box containing

40,000 eggs in very good order was received from the German Fischerei-

Vereiu through its president, Herr von Behr. The fry from these eggs,

which when hatched and ready for distribution amounted to about

28,000, were mostly planted on Long Island and near the Hudson, while

a few that were kept at the station grew remarkably and are handsome

and gamy fish.

During the year eggs were taken by several other persons, as well as

at the Cold Spring Harbor Station, from fish which had been bred from

eggs sent over from Germany two or three years before. The average

number of eggs taken in one case (the fish being three-year-olds) was

540, and there are indications that this yield will increase. This indi-

cates that this valuable fish has been successfully acclimatized in this

country, and their cultivation may be greatly extended, as they are con-

sidered superior in many respects to our native brook trout.

/. The Loch Leven Trout (Salmo levenensis).

The Northville Station.—On January 2, 1885, six cases, estimated to

contain 102,000 eggs, were received at the Cold Spring Harbor Station

from the Howietoun hatchery in Scotland. They were in remarkably

good condition, only 870 being dead. Mr. Mather sent 10,000 of the eggs

from the Cold Spring Harbor Station to the Bisby Club, in Herkimer

County, New York, where they were received in good condition, and

the young trout are reported as doing very well. The remainder were

shipped to the Northville Station, where they arrived on January 7 in

excellent condition, there being practically no loss on the eggs. Of the

eggs, 55,000 were thence reshipped to other stations, while 36,500 fry

were distributed in Michigan and 7,000 young retained at the hatchery

for breeding purposes.

The Bueksport Station.—During February, 1885, a case of 10,000 eggs

was received from the Northville Station by way of Grand Lake Stream.

At this last place they were in excellent condition, but they were partly

frozen before reaching Bueksport; about 3,000 were lost, and the re-

maining 7,000 fry were planted on May 4 in Branch Pond and its trib-

utary brooks near Ainsworth, Me.

m. The Quinnat or California Salmon (Oncorhynchus ohoulcha).

The McCloud River Station.—Active operations in taking the eggs of

this fish were suspended at this station during the year". There was a

very small run of .salmon in the river, and it is feared that unless some-
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thing is quickly done the Sacramento Eiver will soon be depleted of its

most valuable fish.

n. The Shad (Clupea sapidissima).

The Fort Washington Station.—For the two years previous to the sea-

son of 1885 the eggs collected from shad taken in the vicinity of Fort

Washington were transferred to Central Station, in Washington City,

where they were hatched and whence the young fry were distributed to

suitable waters. In February of 1885 this work was reorganized under

the direction of Col. Marshall McDouald, who made Fort Washington

the headquarters of the collecting force, where all the eggs taken were

held pending convenient transportation to Central Station on the river

steamers.

An inspection of the Fort Washington Station showed the desirability

of an additional building to be used exclusively for holding the eggs and
keeping them in good condition until shipped. Accordingly such a

building, 16 by 22 feet, was erected, and equipped in time to receive the

first eggs taken. Mr. James Carswell was placed in im mediate charge

of the station, and on March 30 took possession with a part of his force,

the others being called in as the season advanced and the work required

it. By April 5 the station was fitted for service, but there being no shad

in the river the seine was not regularly fished till the 16th, and no eggs

taken till the 20th, when the temperature of the river was still low (52°

Fahr.). After that date the temperature steadily rose, and up to May
28 an average number of eggs was taken daily, after which date there

was a gradual decrease until the 5th of June, when the last eggs k r the

season were obtained. The total of 22,576,000 shad eggs were obtained

during theseason, more being derived from the Fish Commission seine at

the station than from any other source, while the largest am ounts for the

season were taken on May 5 and 6, over three and a half millions of eggs

being secured^on those two dates. From eggs retained at the station

1,000,000 fry were hatched and planted in the Potomac. The gillers

and the fishermen at the differeut shores in the vicinity rendered valu-

able assistance, having furnished over 15,000,000 eggs, It may be no-

ticed that for the entire season the number of females was considerably

in excess of the number of males, the proportion being 54.3 per cent;

while the proportion ofripe females to the number of females taken was

17 per cent. Also it may be stated, as generally applicable to the shad

in the Potomac, that the average yield of eggs per ripe female *vas

28,888.

Central Station.—After the eggs had been held at Fort Washington

for periods varying from twelve to thirty-six hours, they were forwarded

to the Central Station in charge of a special messenger. The total num-

ber of eggs thus forwarded was 21,010,001); of which n umber. 1 6,536,000

reached the station in good condition, and yielded 14,791,000 fry for

distribution. The aggregate number of eggs received at this station
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did not vary greatly in the past three years, though a little the smallest

in 1885, but the production of young for distribution was larger during

this last season than in either 1883 or 1884.

Eecords were kept of the different lots of eggs, thus securing data of

their impregnation, temperature of water, time of hatching, &c. From
these it is seen that, under the same conditions of temperature, the

period of time from impregnation to hatching varied from a few hours

to several days, thus indicating that the period of incubation does not

simply vary inversely to the temperature as indicated by the thermom-

eter. It is suggested that the increased temperature produced in the

eggs by the action of either direct or reflected sunlight, but which can-

not be measured accurately by any instruments now known, may have

much to do with this varying development. The earlier runs of shad

habitually spawn in a lower temperature than those which come later

in the season. It may be, therefore, that a difference in the rate of de-

velopment of separate lots of eggs is to some extent a matter of heredity.

In general, however, it seems to be indicated clearly by the record that

the lower the temperature during incubation the longer does this period

last.

In making the distribution from Central Station, which was done by
car and messenger service, care was taken to stock liberally the Poto-

mac, Susquehanna, and many of the lesser tributaries of the Chesa-

peake, which it was supposed would furnish suitable nurseries for the

young fish during the first summer of their existence.

The general planting of shad fry, summarized by regions or drainage

basins in which they were deposited, was about as follows:

To tributaries of Chesapeake Bay 8,588,000

To Hudson River 1,250,000

To Palmer River, tributary of Narragansett Bay 825, 000

To tributary of Albemarle Sound 1,500,000

To tributaries of the Atlantic south of Albemarle Sound 1, 475, 000

To minor tributaries of the Gulf of Mexico 2, 349, 000

To tributaries of the Mississippi River in Illiuois 1, 104,000

To tributaries of the Mississippi River in Kausas 872, 000

To Colorado River of the West, tributary of the Gulf of California 848, 000

To tributaries of the Columbia River 60, 000

Total 18,871,000

The results of the work of shad production on the Potomac River

during the season may be summarized as follows

:

Number retained at Fort Washington Station 1,557,000

Number forwarded to Central Station 21,019,000

Total number of shad eggs collected on the Potomac River, season

of 1885 22,576,000

Number of eggs received at Central Station in good condition 16, 536, 000

Number of eggs shipped to other points 325,000

Number of eggs hatched at Central Station 16,211,000
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Number of shad fry planted in the Potomac River at Fort Washington
Station 1,000,000

Number hatched and distributed from Central Station 14, 53l
;
000

Total product for distribution from Potomac River stations 15,531,000

The average loss from impregnation to the period of hatching was 31 per cent.

The average loss during incubation at Central Station was 10 per cent.

The cost of production was, in round numbers, at the rate of $330 for

each million shad fry furnished for distribution, or more than 30 young
shad for each cent of expenditure.

Battery Station.—This station was continued under the superintend-

ence of Mr. William Hamlen much as it was in 1884. Advantage was
taken of every opportunity to make the work successful, and although

the results of 1885 were almost three times as great as those ofthe pre-

vious season, the capacity of the station was by no means developed to

its utmost.

The system followed in 1884, of fishing the seine by contract, not hav-

ing resulted so satisfactorily as was hoped, a different plan was adopted
and the seine was operated under the direct management of employees

of the Commission, an experienced fisherman being engaged to act as

captaiu of the seine.

The season was unusually backward, owing to the prolonged presence

of ice in the river. The time during the earlier part of the season,

however, was occupied in removing obstructions from the seine-hauls

and in getting ready for the season's operations. Frequent storms, the

muddy condition of the water, and the troublesome state of the apron
upon which the seine was landed were all influential in keeping the

catch of shad below what was anticipated. The first haul of the seine

was made on April 16, and it was thereafter worked regularly and
thoroughly until the 27th of May, during which period one hundred and
nine hauls were made ; the total catch of shad was 3,512, only 42 being

ripe females. During the entire season, which ended on June 11, the

total number of eggs obtained from the seine, from gillers, and from
other sources was 13,357,000. From these, 10,292,000 fry were hatched
and 433,000 were received from the steamer Lookout, making a total

of 10,725,000 ; of which, 5,044,000 were planted in local waters, and
5,681,000 were shipped away by car and messenger service and deposited

in various suitable localities.

Experiments were repeated this season in confining unripe shad in

the pool, but with little or no success. At intervals the shad were re-

moved and examined, most of them proving utterly unsatisfactory,

while the few eggs taken refused to hatch. A troublesome feature was
noticed in this connection, in consequence of the water used in the

hatching-jars being pumped from this pool. The pollution of the water
in the pool caused such danger to the eggs in process of hatching that

finally the fish were allowed to escape, after which the eggs resumed
their normal condition. This difficulty could be obviated, of course,
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for another season by getting the supply of water elsewhere ; but the

experiments thus far conducted in penning shad seem to indicate that

this is not an advisable meaus for obtaining eggs.

Fish Hawk assistance.—In the early work preparatory to opening the

season the Fish Hawk, under the command of Lieut. L. W. Piepmeyer,

rendered assistance at Battery Station by dragging the seine-haul and

clearing it of obstructions. Most of the shad work of this steamer,

however, was done on the Delaware Eiver.

As stated elsewhere, on May 23 the vessel was in the Delaware, and
from this date to the 10th of June the fishing-shores were visited, in-

formation relative to the work was gained, and eggs were collected to

the number of 10,604,000. From these, 8,063,000 fry were hatched on

board, all of which were deposited in the Delaware River. At the time

the Fish Hawk arrived on the Delaware, the fish had evidently been

spawning for some time ; and with an earlier start the work of the

season could have been much increased.

Lookout assistance.—On May 8 the hatching equipment was taken on

board the steamer Lookout, commanded by Mate James A. Smith, and

on the 13th the vessel proceeded to Battery Station to assist in the

operations in that vicinity. This was done by tending gill-boats, trans-

ferring spawn-takers to and from suitable points, and in collecting and
transferring shad eggs, thus handling 1,406,000 eggs.

From May 17 to June 5 the Lookout was engaged in two trips to the

Delaware River and one in the upper part of Chesapeake Bay, procur-

ing eggs and investigating the fisheries, particularly those of the Dela-

ware above Philadelphia. Many fishermen were interviewed as to the

condition of the fishery, and the spawn-takers were kept busy in visit-

ing fishing-shores and gill-boats to obtain eggs. The total number of

eggs taken by the Lookout during the season was 4,400,000 ; and from

this number 2,115,000 eggs and 454,000 fry were transferred to Battery

Station, and 340,000 fry were successfully planted, 190,000 being put

into the Delaware River and 150,000 into the Chesapeake Bay and its

tributaries.

Experiments in planting shad.—In 1884 a shipment was made to the

Colorado River of the West. This experiment was repeated in 1885,

and 848,000 fry were planted 'in good condition. Should these attempts

at stocking this region result successfully, the fry deposited in 1884

would probably reappear as mature fish in the spring of 1887 or 1888.

The reasons for selecting the Colorado River for stocking were as

follows

:

1. The Colorado is free from alkaline salts and of a suitable spring

and summer temperature ; the other physical conditions are also favor-

able.

2. The Colorado empties into the Gulf of California, which extends
south for 700 miles before reaching the open ocean ; and it is thought
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that the warm waters of the lower part of the gulf would be a barrier

to keep the shad from being lost in the Pacific. The shad then would
return to the Colorado and Gila to spawn.

It is believed that the rivers of Washington Territory draining into

Puget Sound can be stocked with shad and be made to furnish profit-

able fisheries, the importance of which to that region can scarcely be
overestimated. In order to try the experiment, 900,000 vigorous fry

were selected, and sent off with much care, the distance being such as

to require all the time during which shad fry can be transported with
safety. A detention of three days by the washing away of a bridge

resulted in almost total loss, but 50,000 were planted alive in the Wil.

lamette Kiver at Portland, Oreg? A small shipment of 10,000 was also

planted without any appreciable loss at Ainsworth, Wash., in the Snake
Eiver, near where it empties into the Columbia.

The Gloucester City Station.—This station on the Delaware was in

operation this year for the first time. The steamer Fish Hawk, com-
manded by Lieut. L. W. Piepmeyer, secured over 10,000,000 eggs be-

tween May 23 and June 10, the period during which she was stationed

at this point.

The steamer Lookout, Mate James A. Smith commanding, also pro-

cured shad eggs from the Delaware, the greater part of which were
transferred to Battery Station.

The following remarks of Mr. A. M. Spangler, a member of the Penn-
sylvania State Fish Commission, show at once some of the difficulties

which are encountered in restocking our streams, as well as the high
appreciation of the Pennsylvania commissioners and of the people of

Philadelphia of the efforts made by the U. S. Fish Commission in

their behalf. Mr. Spaugler's letter, dated Philadelphia, June 22, was
published in the Philadelphia Press of July 4, 1885, as follows :

Your reporter quotes me as saying that "the feat of the U. S. Fish Commission
in dumping millions of young shad into the Delaware was as sensible as throwing
them on the Jersey sands." In order that the true meaning of the remark may be

understood, it is proper to say that it referred wholly to the planting of shad fry in

the Delaware in the immediate vicinity of Gloucester. It is not necessary to state

the reasons for such an opinion. They are obvious to all who have given the subject

a moment's consideration.

As to the restocking of the Delaware with shad I have only to say that I have the

most implicit faith in it, and can only regret that the kindly efforts of the U. S. Fish

Commission, supplemented as they have been by those of the fishery commissioners

of Pennsylvania and New Jersey, have not met with full appreciation at the hands
of many of the residents along the stream.

The shad naturally seeks the upper waters of a stream to do its spawning. Hence
that is the place where the young fish hatched on the Fish Hawk or elsewhere should

be planted, and there is where I understand the planting is being done. The great

drawback to this is that those upper waters abound in fish-baskets, the most infernal

contrivance ever devised by man for the destruction of young shad. Though not in.

tended for that purpose, yet such is their certain effect.

I have it on the authority of a former fish commissioner of this State, also upon that

pf Mr. F. M. Ward, of the New Jersey Commission, that it has not been an uncommon
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thing for farmers to haul away a wagon-load of small shad intercepted by and drowned

in those deadly fish-baskets, and use them for fertilizing purposes. It is to this more

than to any other single cause that the gradual and steady decline in the shad yield

of the Delaware is attributable.

If the people living along the river were as fully alive to their own and the ger eral

public interest as they should be, they would at once and forever rid themselves of

those most indefensible violations of statute law ; for the law expressly condemns and

forbids them. If the State fish commissioners were provided with the means where-

with to compensate wardens, the evil could be remedied ; or if the sheriffs and con-

stables of the counties bordering on the river had proper respect for their sworn

obligations, the outrages could be prevented. Possibly the legislature will in its wis-

dom grant the appropriation asked for by our board of State fish commissioners, in

in which event fish-baskets will have short leases.

But for the restocking of the Delaware by*the commissioners already referred to

the shad supply of that river would be much less than it is. With additional hatch-

ing facilities, with a proper observance and a somewhat more extended close season,

and the complete abolishing of illegal fishing, that supply would certainly bo quad-

rupled. It requires little calculation to demonstrate that such a result would prove

hundreds of thousands of dollars in value to the States of Pennsylvania and New
Jersey.

Allow me to say in conclusion, then, that the people of Philadelphia, as well as

those residing on both sides of the Delaware, from its mouth to its source, owe a large

debt of gratitude to Prof. Spencer F. Baird, of tho U. S. Fish Commission, for the

unselfish and happily successful efforts he and his assistants have been and are

making in the behalf of the fishing interests of that stream. The sending of the

Fish Hawk into the Delaware, the hatching of shad on board of her, and the shipping

to and planting of the young fry in its upper waters, which are the natural spawning-

grounds of the shad, are kindnesses and compliments meriting much higher appreci-

ation than appears to have been accorded them by the general public.

The Lambertville Station.—Car No. 3, in charge of J. Frank Ellis, with

complete shad-hatching apparatus, arrived here about the first of June
and a temporary station was established. It met with fair success

during its stay, and left about the middle of July. This is the first

time auy of the cars of this Commission have been used as a shad

hatchery.

Experiments in raising shad in the carp -ponds at Washington.—On June
14. 1885, a lot of just hatched young shad, brought over from Central

Station in eight fish-cans, was planted in the northwestern part of the

west pond, in the so-called old canal. In the same pond, which is about

5 feet deep at one end, were kept 100 good-sized carp which had spawned

a fortnight before, and the young carp were in excellent condition.

On July 20 the first young shad was noticed, which was then about

half an inch long. Eight days later they were from three-fourths to one

inch in length ; on August 14 they were from 2 to 2£ inches long

.

September 20, from 3 to 4 inches ; and October 1, from 4 to 4£ inches

in length.

During the summer almost no fish could be seen during the daytime;

but after sunset, when they were seeking for food, hundreds were vis-

ible jumping about, sometimes leaping about a foot out of water, catch-

ing mosquitoes and small flies.
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On November 4 the water was drawn out of the pond in order to catch

the carp for distribution. The shad found in tbe pond were from 5 to

7 inches long and from 1 to 1£ inches broad through the body. It is

well known that the shad is a very tender fish j and as the water be-

came lower and lower many of them died in the shallow water. Dr.

Hessel counted over a thousand that died in this way, though they

had plenty of water in which to swim.

He made several attempts to keep a few hundred of the shad alive,

but without much success, as nearly all died after being transferred

from the pond to the tub or tank. The whole number of shad was about

7,850, of which about 7,500 were seut to the Smithsonian Institution,

and 200 of the rest died within two days in a tank with running water.

Fifty of the living fry were put in the east pond, where there were no
other fish. On December 10, 1885, there were still about 40 alive on the

island, in a tank with running water. Efforts to keep them alive by
feeding them were made, but without expectation of success, as they
want living food, such as small crustaceans, &c, which can scarcely be
found in the water during the cold season.

In addition to the shad and carp in the pond, there were also some
herring, and winter shad, and about 3,000 young sunfish and 10 large

ones. The herring and winter shad came in as spawn or young fry

through the fine-wire screen when the supply of water was coming in

from the Potomac on April 25. The young sunfish, which were from
half an inch to 3 inches long, were the fry of the large ones, which
were about 5£ inches long and 3£ inches high from dorsal to ventral

fins. The large sunfish were probably thrown in by boys who had
caught them from the river, as it does not seem likely that they could

have come through the screen on April 25, and the pond had lain en-

tirely dry during the six weeks before this.

On December 11 Mr. Barton A. Bean, speaking of the table qualities

of these fish, said: "I have tested the edible qualities of the young shad
and have found them palatable and appetizing, I would say similar to

the whitebait, but not equal to the anchovy. Quite a number of the

National Museum employees tried these fish, and all speak very highly

of them."

o. The River Herring ( Clupea

Battery Station.—During tbe season, 167,125 herring were taken in

the seine at this statiou in connection with, the shad work. Some of

these were confined in the pool with the shad. Attempts were made
to hatch the eggs of the herring, but the apparatus apparently was not

adapted for the work and but little success was attained. By careful

management, however, about 200,000 fry were produced and planted
in the waters near the station.

Central Station.—In addition to the principal work of the station,

considerable attention was given to devising a successful method for

hatching the adhesive eggs of the herring. Several forms of apparatus
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were used without success; and it is thought that the failure should be

attributed to the low temperature of the water which prevailed during

the experiments.

p. The Smelt ( Osmerus mordax).

The Cold Spring Harbor Station.—Considerable success was attained

in hatchiug these eggs, which, on account of their adhesive nature, give

a good deal of trouble. The fish were obtained from streams emptying

into Great South Bay, and brought to the station during the first week

in March, 120 in number, from which about 200,000 eggs were taken.

About 50 per cent of the eggs hatched ; and 100,000 fry were liberated

in different streams near Cold Spring Harbor.

q. The Tomcod (Microgadus tomcodus).

The Cold Spring Harbor Station.—The eggs of this species which comes

close to the shore and along the docks in November and December to

spawu, were taken in milk-pans, after the manner of handling trout and

similar iishes. These eggs are not adhesive, nor are they so buoyant

as those of the codfish. They hatched in about twenty-five days, and

the fry, about 210,000 in number, were planted in the harbor.

r. The Carp {Cyprinus carpio).

The cultivation of carp has come to be among the most important

of the operations of the Commission. Good results have been mani-

fested in nearly every State and Territory, and the demand for the

species is still maintained.

The Washington Station.—The number of carp raised in Washington,

as reported by the superintendent of the ponds, Mr. Kudolph Hessel,

was as follows

:

Place.

North pond
South pond *

East pondt
West pond
Arsenal pond
Canal pond
Little Island ponds

.

Total.

Scale
carp.

25, 800

25, 800

Leather
carp.

Blue
carp.

56, 000
35,000

192, 600
50, 000

10, 500

343, 100

1,600

1,600

*This pond was drained October 28 and the increase over past years was very gratifying. In 1884,

it produced 12,000 leather carp and in 1883 but 7,000.

tin 1883 this poDd produced 60,000 carp ; and in 1884, 70,000 carp.

The total distribution for the season aggregated 348,784; of which

number 187,414 were sent to individual applicants, and 101,370 were

distributed to public waters. The number of individual applicants

supplied was 6,273 ; and the distribution was general, including 1,347

counties in 300 Congressional districts. The distribution to public

waters embraced the principal river basins of the Middle and South

Atlantic States and the Gulf region.
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Table of German carp planted in public waters of the United States,from October 27, 1885,

to March 26, 1886, inclusive, under the direction of Col. M. McDonald, Chief of the Di-

vision of Distribution, U. S. Fish Commission.

State. Date. Place at or near which. Waters stocked.
Number
of fish.

Alabama .

Arkansas.
Colorado.

.

Delaware .

Florida
Georgia
Illinois

Louisiana.

Maryland
Massachusetts.

Minnesota
Mississippi
New Mexico . .

.

Ohio.

South Carolina
Tennessee

Texas
Virginia

Dec.
Dec.
Dec.
Dec.
Dec.
Dec.
Dec.
Dec
Dec.
Jau.
Dec.
Jan.
Jan.
Dec.
Jan.
Doc.
Jan.
Dec.
Jan.
Dec.
Jan.
Dec.
Jan.
Dec.
Dec.
Dec.
Dec.
Dec.
Jan.
Jan.
Dec.
Jan.
Jau.
Jan.
Jan.
Dec,
Jan.
Nov,
Oct,

8, 1885
29, 1885
20, 1885
10, 1885

10, 1885

10, 1885
10, 1885

5. 1885
11, 1885
2. 1886
30, 18S5
2,1880
2, 1880
30, 1885
1,1886
30,1885
2, 1886

30, 1885

1, 1886
30, 1885
1,1886

30, 1885
2, 1880

30, 1885
30, 1885
31,1885
30, 1S85
30, 1885
16,1880
5,1880
7. 1885

5, 1880
5. 1886
5, 1886
5,1886

10, 1885
5, 1886

17. 1885
27. 1885—,1885
4, 1885
5,1880

21,1885
8, 1885

20, 1880
21, 1885

28, 1885
30, 1S85
12,1885
4,1885

24, 1885

24, 1885
23, 1885
23, 1885
28, 1 885
23, 1885
27, 1885

23, 1885

4,1885
4, 1885

15, 1885
28, 1885
28, 1885

4, 1885

Lake neai railroad.

.

Fulton
Granada
Wilmington
Wilmington
Wilmington
Wilmington
Jacksonville
Way Cross
Aurora
Carlyle
Chicago
Chicago
Clinton
Dixon
Equality
Kankakee
Lanesville
La Salle
Louisville
Mendota
Mill Shoals
Naperville
Pekin
Riverton
Riverton
Vandalia
AVood Lawn
Ponds near railroad.

Delhi
La Pourche
Monroe
Quebec
Rayvillc

Richland County . - -

Shreveport
Tallulah
Battery Station
Attleborough
Winchester
Slayton
Jackson
Albuquerque
Toungstown
Zanesville
Society Hill
Dyei s'burgh
Fowlkes
San Marcos
Brooke's Station
Charlottesville
Charlottesville
Chatham
Danville
Junction
Lvnch's Station
Milford
Otter River
Potomac
Quantico
Rockfish Depot
Taylorsville

TaVlorsville
Wood Bridge

Lake on A. and W. P. Railroad .

Red River
Arkansas River
Brandywine Creek
Christiana Creek
Delaware River
Shellpot Creek
Lakes near Jacksonville
Satilla River -

Fox River
Kaskaskia River
Lakes in Lincoln Park
Lakes in South Park
Railroad water-tauk
Rock River
Saline River
Kankakee River
Lanesville Lake
Illinois River ...

Little Wabash River
Little Vermilion River
Little Wabash River J

Des Plaines River
Lake Cooper
Sangamon River
Clear Lake
Kaskaskia River
Big Mnddv River
Ponds of Vandalia R. R
Bayou Macon
Bayou La Fourche
Washita River
Tensas River
Crew Lake
Grassy Lake
Red River
Lake One
Susquehanna River
Bungay River
Tewksbury Reservoir
Lake Beauty
Pearl River
Rio Grande River
Mahoning River
Muskingum River
Great Pedee River
Fork of Forked Deer River. .

.

Fork of Forked Deer River. .

.

San Marcos River
Acquia Creek
Ivy Creek

t
Rivanna River .'.

Banister River
Dan River
North Anna River .

Staunton River
Mattapony River
Otter River
Potomac River
Quantico Creek
Rockfish Creek
Little River
South Anna River
Occoquan River

500
3,200
5, 000

500
500
500
500
6&0

2,400
1,000
400

1,600
1,050
200

1,000
400

1,000
800

3,000
200

1,000
400
200
100

1,000
1,000
1,000
400

2,520
1,000
1,000
2, 000
1,000
1,000
1,000
2, 500
1,000

20, 000
200
600
500

5, 000
6, 000

3, 000

3, 750
000

1,000
1,000
5, 050
0,250

400
1,600
3,000
6,000
7,000
0,000
8,000
5, 000
5,500
6,250
200

5,000
5, 000
7,000

Total number planted. 101, 370

The following plants and seeds were received at tbe Carp Ponds of

the TJ. S. Fish Commission at Washington, in March, 1885, from the

Royal Gardens at Kew, London

:

Plants.—Nelumhium speciosum (1), Thalia dealbata (1), Sagittaria
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heterophylla ((3), Villarsia nymphwoides (1), Polygonum amphibium (1

bunch), Ranunculus lingua (6), Nymphwa alba (2).

Seeds.—Nelumbium speciosum, Nymphtca ampla, Nymphwa cyanea

(stellata), Nymphwa lotus, Victoria regia (50).

Under date of July 26, Mr. Hessel reported

:

'Pond No. 6 now has the richest growth of nelumbiums I ever saw.

The vegetation is even with the wire fence and the flowers are about one

foot higher, making the g rowth fully 7 feet high. I counted this morn

ing about 350 open flowers of nelumbiums in this pond. All the nelum-

biums in this pond got some bone-dust this spring, and the insects-

(moths) are almost all destroyed.

The Northville Station.—In the fall of 1884 a Fish Commission car

when on a western trip left at Northville 1,000 carp. On January 24 of

the present year Mr. Clark reported that 800 of them were still in the

ponds, several shipments having been made to individuals and a small

number having been lost. The loss was due to the carp being placed in

tanks in the house for convenience in shipping. But few orders for

shipping having been received, the carp were turned into a vacant pond

in January, after which there was no loss. The 800 carp were held pri-

marily for the purpose of answering the calls in the spring from people

in Michigan whose ponds were not ready the preceding fall.

s. The Goldfish (Carassius auratus).

The Washington Station.—The propagation of Japanese and common
goldfish was carried on as usual under the direction of Mr. Hessel. The
number of each variety was as follows : (1) Common goldfish, 3,700

;

(2) Japanese (including fan-tail), 4,600; total, 8,300.

Mr. Henry W. Elliott, writing from Cleveland, Ohio, September 14,

1885, says that the 25 goldfish received from the U. S. Fish Commis-

sion he put into his pond last April, and that they were then only 3

inches long. They have grown to 8 inches in length, and produced

thousands of young, so that the pond is fairly alive with them. Some
of the young fish are nearly inches long already.

Mr. Frank 1ST. Clark, writing on September 21
?
1885, says : " From two

pairs of Japanese goldfish, received from the U. S. Fish Commission last

winter, Mr. J. D. Yerkes has from 500 to 1,000 little fan-tails hatched

this summer."

t. The Golden Ide or Orf {Leuciscus idus).

The Washington Station.—On account of the unusually low tempera-

ture of the water during the spawning season of this fish, which event

occurs in May, the spawn was completely destroyed.

The following items are added for the information of persons desiring

to cultivate this species:

The golden ide should not be kept in the same pond with carp. The

carp make the water muddy and the ides destroy the ova of the carp.
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Carp should never be kept in an ide pond if it is desired that such ponds
should be clear and that the ides should show to a good advantage.

The golden ide spawns in the neighborhood of Washington in April

and the beginning of May, and in cool ponds (spring water) at the end

of May. In the Southern States they spawn by the middle of March.

In regard to hatching in ponds, they would do better in large and
deep ponds, with a good crowded vegetation, than in small or shallow

ponds. The water in such smaller ponds, during cool nights, often at-

tains a low temperature, which would prevent the ova from hatching-

out advantageously.

The golden ide likes a cool, clear water. Notwithstanding, it can be
kept in ponds where the water reaches a higher temperature—from 70°

to 80°. In clear, cool water, such as spring water, it will obtain a more
brilliant color than in muddy water.

The ide has the habits of a river fish, likes deep better than shallow

water. It seeks under plants and stones such food as larvae, worms,
and snails. It takes almost the same food the carp takes, including

bread, cooked cornmeal, &c. Green vegetable food it will not take.

m. The Tench {Tinea vulgaris).

The Washington Station.—The number of tench cultivated in the

Washington ponds during the year was as follows : (1) Small pond, 830;

(2) north pond, 376 ; total, 1,206.

v. The Catfish (Amiurus nebulosus).

During the summer of 1885 several shipments were made to Europe
of live specimens of this fish. In June 50 were sent to the German
Fishery Association, 49 of which arrived safely and were placed in a

pond at Berneucheu. In July 100 were shipped to France, 81 of which
reached their destination in excelleut condition. Thirty were forwarded

to the Netherlands, all being received in the best condition. Fifty were

sent in June to the National Fish Culture Association of England, 48

of which survived the journey and were at once placed in the tanks of

the association, which is striving to acclimatize this food-fish in the

waters of Great Britain. Late in 1884 there were sent to Belgium 100

live catfish, 93 of which were reported in January as doing well in the

botanical garden at Ghent. These fish were all taken from the Dela-

ware and Schuylkill Kivers, and were sent from New York by Mr. E.

G. Blackford. These attempts bid fair to acclimate the catfish in

Europe, which at present has only one species of this fish and that of a

different type from ours.

w. The Little Round Clam (Tapes staminea).

The Wood's Soil Station.—The sending of Fish Commission car No. 2

to Puget Sound with a car-load of shad furnished the opportunity for

bringing back live specimens of several species of mollusks indigenous

to that region. The car left Washington on June 2, and Mr. Moore was
instructed to secure specimens of Glycimeris generosa, Saxidomus nut-
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tallii, Schizothcerus nultallii, and Tapes staminea. As it was doubtful

Avhether the proper arrangements could be made for carrying the first-

named species, experiments were to be confined to the last three.

Special instructions for their care were furnished by Prof. E. E. C.

Stearns, of the National Museum, whose contributions to the subject

have several times appeared in the Fish Commission Bulletin. Mr.

Moore was instructed to remain at Paget Sound two or three weeks, if

necessary, in order to make such preliminary experiments as would

satisfy him that a transcontinental trip could be made successfully. On
June 26 Mr. Moore arrived at Wood's Holl with about 500 live Tapes

staminea, the survivors of about 4,000 with which he started from Ta-

coma. It is hoped to save enough of them to plant a colony at Wood's

Holl and another at Provincetown, Mass.

As illustrative of the facility with which clams may be introduced in

localities which have favoring conditions, some facts which were brought

to light by Mr. Stearns may be here recited. Mr. Donald Macleay,

president of the Board of Trade, Portland, Oreg., forwarded to the

National Museum in February of the present year a box of clams for

identification. He stated that they were eastern clams found at Shoal-

water Bay, Washington Territory, and they proved to be Mya arenaria.

They had been introduced into Shoalwater Bay by Captain Simpson,

a public-spirited citizen of San Francisco, and a member of the firm of

Simpson Bros., lumber dealers. Captain Simpson obtained the clams

near San Francisco (where this species had previously been introduced

and is now abundant), and they were sent on a lumber vessel to Wash-

ington Territory, where after their introduction they multiplied exten-

sively and were abundant as early as May, 1884. The Mya arenaria

being an eastern species the question of course arises how it came on

the Pacific coast. To which question Mr. Stearns makes reply that fol-

lowing the completion of the transcontinental railroad, about lS69-'70,

some of the oyster firms in San Francisco imported small oysters (Ostrea

virginica) from the Atlantic Coast and planted them in the bay, where

they soon attained a good merchantable size. With these importations

of small oysters the spat of Mya arenaria undoubtedly was accidently

introduced to the Pacific coast.

x. The Oyster (Ostrea virginica).

The Saint Jerome Station.—This station remained under the superin-

tendence of Mr. Wm. de C. Eavenel during the year, and experiments

were continued in collecting the spawn and artificially raising the young

oysters. Spawning operations were begun on June 20, and from then

until the end of August oysters were opened every day. Young oysters

were found twenty-eight days after the first lot of spawn was put into

the ponds. The results of the experiments indicate that it is of great

importance that the ponds should have the full rise and fall of the tides,

which is exceedingly difficult where the water has to be carefully filtered

to prevent the passing of spawn. The collectors on which the best re-
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suits were obtained were pieces of mortar-coated slate placed in wire

trays resting on trestles about 8 inches high. Full details regarding

the tides, temperatures, weather, and density of water may be found in

the table appended to Mr. Havener's report.

The Gold Spring Harbor Station.—At this station, which is more par-

ticularly under the direction of Mr. E. G. Blackford, representing the

New York State Commission. Mr. Mather carried on some very success-

ful experiments. On August 31 he reported that he had used a wooden
tank 6 by 12 feet containing water pumped from the harbor for collect-

ing spat and that at that date sets on shells and gravel, four weeks old,

were one eighth of an inch long.

Investigation in New Yorli waters.—From the 15th to the 26th of Au-
gust Mr. E. G. Blackford was engaged in an investigation into the oys-

ter fisheries of New York waters, aided by the steamer Lookout, during

which time seven different localities were visited.

The first trip was to the eastern end of Long Island. In the vicinity

of Montauk Point the ponds were found to contain but few oysters and
these almost without flavor. Near Greenport a plan was in operation

in accordance with which oysters were systematically cultivated by in-

dividuals and companies, most of the seed being brought from Connecti-

cut. The most serious evil against which the planters had to contend

was the starfish. In the kills emptying into New York Bay it was
found that much damage was done to the oysters by the acid and oily

refuse poured iuto the waters from the factories along the shores and
by the general pollution of the water. The condition of the oysters at

Execution Light-house Rock showed a considerable improvement over

that of last year, although not much young growth was found. During
the trip up the Hudson several dredgings were made on the different

beds, generally showing them to be in a fair condition, but frequently

showing more or less green coloration. All of the beds of the Hudson
are worked for the purpose of obtaining seed with which to plant other

beds, as these oysters do not fatten well until transplanted, though
many are used for local consumption. In Port Jefferson Harbor much
of the bottom is leased and cultivated by private parties, and the beds

are generally well cared for and in good condition, the growth not being-

great but the quality excellent. Most of the seed in the harbor comes
from the Connecticut beds, it being generally from one to three years

old, and from 200 to 300 bushels per acre being used. Outside the

harbor the oysters had been destroyed by starfish or some other enemy.

In Prince's Bay and its vicinity oysters were found of good size and in

fair number, but usually thin and greenish and sometimes of unpleasant

flavor. Much damage is done by the dredgings and the dumping of

refuse over or in the neighborhood of the oyster-beds. In the face of

such difficulties, the propagation of the oyster, while not to be despaired

of, must be a patient and somewhat unpromising matter.
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y. The American Lobster (Romarus americanus).

Attention has already been called in the report of the Commissioner

for 1883 to the increasing scarcity of the American lobster and the dan-

ger of its practical extinction as an article of commerce within a com-

paratively short time. Investigations that have been made clearly in-

dicate that the abundance of lobsters, as well as their average size, has

been rapidly decreasing from year to year on many portions of the coast

where the fishery has been vigorously pushed. A study of their habits

shows that such a decrease is far more possible with lobsters than with

the true fishes, which are, as a rule, more secure from the attacks of man.

All the States interested in the lobster fishery, except New Jersey,

whose fishery is small, have enacted protective laws, but they have

failed to stop the diminution, though they may have checked it some-

what. As a result, we are already more or less dependent on the British

Provinces for the supplies of our larger markets. The same trouble

with the lobster supply exists in Europe, where this fishery has been

controlled by legislation for many years. In Norway, which country

has the most important European fishery, as a last resort they have

sought relief in artificial lobster culture, and experiments in this have

been carried on there since 1873. One of the strongest evidences of de-

crease in the abundance of our lobsters is found in the continual dimi-

nution in the size of those sent to the markets, the greater portion of

the lobsters now canned being less than 10 inches in length. An inves-

tigation shows that there is a steady demand for lobsters of all sizes,

and that but a limited protection is afforded by either laws or custom.

The Delaware Breakwater may be regarded as practically the south-

ern limit of the range of the American lobster, though a few specimens

have been found south of this ; while it was formerly most abundant

along the coast of New England, and especially off the coast of Massa-

chusetts, in suitable localities. Maine is now the principal source of

supply for all the larger markets of the country, the yearly fishery of

that State greatly exceeding in quantity and value those of all the other

States combined. Lobsters are not known to migrate, except over very

short distances, mainly in the spring and fall, when they change their

grounds, moving into deeper water on the approach of cold weather,

and returning in late spring nearer to the shore, where the shallower

grounds probably furnish a better supply of food.

Lobsters are found during the entire year with spawn attached to the

abdomen. This fact is recorded of both the American and the European

species, but the length of time this spawn is carried before hatching

and the limits of the hatching season are not precisely known. From

observations made by fishermen it seems that the eggs hatch in the

wells of their smacks in the greatest abundance during May, June, and

July, and that the hatching at other seasons is only an accidental or

occasional occurrence. It is also not at all improbable that the young

hatched during cold weather perish soon after they leave the egg. The
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hardy character of the eggs, which appear well adapted to endure the

hardships of a long winter, favors the idea of a long period of develop-

ment.

In the United States the only practical attempts, previous to those of

the Fish Commission, towards the artificial propagation of lobsters have

been in connection with their " parking," that is, their protection in large

inclosed natural basins, in which lobsters that have been injured, soft-

shelled individuals, those below salable size, and occasionally females

with spawn, have been placed and reared for the markets. Two such

parks have been specially called to our attention ; one on the coast of

Massachusetts,'established in 1872 and afterwards abandoned ; the other

on the coast of Maine, established about 1880, which is believed to be

still in operation. The effect of such establishments upon a general in-

crease of supplies would probably never be very great.

The Wood's Roll Station.—The partial completion last August of the

new laboratory building at Wood's Holl, with its convenient system for

the distribution of salt water, permitted the beginning of the needed
experiments in the artificial hatching of lobsters. Unfortunately the

hatching season had then closed, but it was deemed advisable to ascer-

tain the best methods of handling the eggs in order that there might

be as little delay as possible in beginning operations in the spring of

1886. The problem of lobster hatching on a practical scale is one that

the Fish Commission has long had in view, but all of its marine labora-

tories heretofore have been temporary structures with insufficient ac-

commodations and without the means for obtaining continuous supplies

of water in suitable quantities. The hatching of small quantities of

lobster eggs, as well as the eggs of other kind of crustaceans, had been

successfully accomplished by members of the Fish Commission interested

in biological studies, and the possibility of doing this on a small scale,

and of carrying the.young through at least the first few stages of growth,

needed no further proof; but the question now is as to doing it on a

scale great enough to influence practically the supply of lobsters in our

markets.

As the eggs of the lobster have a specific gravity that is considerably

greater than that of water, the apparatus selected for the first experi-

ments was the McDonald automatic hatching-jar, and a trial of about

two months demonstrated its superiority over the other appliances

tested. It does not seem practicable to keep the eggs of more than one

lobster iu each jar, as the eggs of different individuals vary more or less

in specific gravity, and it is impossible to regulate the flow of water so

as to give them all the required motion. The number of fertilized eggs

carried by a lobster during the spawning season has been ascertained

by careful computations in several cases, and varies from 12,000 to

24,000, the number generally being between 15,000 and 18,000 ; the eggs

are comparatively large, measuring about one-twelfth of an inch in

diameter.
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The chief annoyances to the hatching- work at Wood's Holl were iron-

rust in the pipes and sediment from the harbor. The difficulty with the

iron-rust was overcome to some extent by the substitution of cement-

lined pipes, but the eggs were saved from injury by the sediment only

by the exercise of constant care. The experiments made so late in the

season at Wood's Holl may be regarded as fairly successful, but had

they been undertaken during the proper hatching season more satis-

factory results would undoubtedly have been reached. The principal

object in hatching the eggs in jars is to have the embryos under con-

trol immediately after hatching; but the best methods of caring for the

young have yet to be decided upon, and present an interesting problem

for future investigation. It is not known how long the young can be

kept in confinement, nor at what age it would be advisable to turn them

over to the care of nature, but it will probably be possible to transport

them alive to any other portion of the New England coast.

Summary of distribution offish and eggs oy the U. S. Fish Commission during the season of

1685.

Wbitefisb (Coregonus clupeiformis)

:

Eggs *42,800,000

Fry t92,000,000

Brook trout {Salrelinus fontinalis)

:

Eggs *145, 000

Fry *25,000

Large fish *550

Lake trout ( Salvelinus namaycush) :

Eggs "1,031,000

Fry *~r>, 500

Large lisli ** 1,791

Raiubow trout (Salmo irideus) :

Eggs tfJ-1,000

Fry **250

Large fish *t4,664

Atlantic salmon {Salmo salar) :

Eggs '.

§1,251,500

Fry ||419,550

Landlocked salmon {Salmo salar subsp. seoago) :

Eggs $222,000

Fry §§41,500

Brown trout {Salmo fario)

:

Fry ||28,900

* From Nortbville Station.

t From Nortbville and Alpena Stations.

} From Grand Lake Stream Station.

§ From Bucksport Station.

||
From Cold Spring Harbor Station.

** From Wytheville Station.

thOf these 5,000 were from Nortbville, Station, 246,000 from McClond River Station,

and 30,000 from Wytheville Station.

if Of these 3,364 were from Nortbville Station, and 1,300 from Wytheville Station.

§§ Of these 22,000 were from Nortbville Station, and 19,500 from Cold Spring Harbor
Station.
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Shad (Clupea sapidissima) :

Eggs *:;-25,ooo

Fry t34,659,000

Carp (Cyprinu.8 carpio) :

Fry to public waters *161, 370

Fry to private ponds *187, 414

Goldfish ( Carassius auralus) *4, 344

Black bass
(Mieropterus dolomiei) t«>00

Red-eye perch (Amblopliles rupestris) 1 {250

Total 173,666,083

D.—ABSTRACT OF THE ARTICLES IN THE APPENDIX.

32.—CLASSIFICATION OF ARTICLES.

Iii the general appendix to this report will be found a series of twenty-

five separate papers treating upon matters relating to the work of the

Fish Commission. These are classified under five headings, as follows:

A.

—

Reports of Steamers and Stations.

The first article is by Lieut.-Commander Z. L. Tanner, and gives a full

account of the work of the steamer Albatross during 1885 in the Gulf

of Mexico, on the Newfoundland fishing banks, and along the coast,

illustrated by five plates and provided with a special index. In this

report are also included subordinate reports by Lieut. Seaton Schroeder

on navigation, Passed Assistant Engineer G. W. Baird on all matters

pertaining to the machinery of the vessel, Surgeon James M. Flint on

the medical department, Mr. James E. Benedict on the scientific work
of the naturalists, and also various tables of temperatures, specific grav-

ities, stations occupied, records of dredgings and trawlings, and lists of

fishes, invertebrates, &c, taken. The second report is by Lieut. L. W.
Piepraeyer on the work of the Fish Hawk during the year 1885, fol-

lowed by a report* on the operations of the Lookout during the year,

by Mate James A. Smith. The ten papers which follow relate chiefly

to the hatching and propagating operations of the Fish Commission,

and are composed of reports from the persons charged with the work of

propagation, distribution, or investigation. They consist of a report of

the operations of the trout-breeding station atWythevilfe, Va., from its

occupation in January, 1882, to the close of 1884, by Col. Marshall Mc-

Donald ; two reports of fish hatching and shipments, and an account of

eggs shipped to and received from foreign countries during 1885 and

a part of 1886, at the Cold Spring Harbor Station, by Mr. Fred Mather;

the operations at the Northville and Alpena Stations during the season

* From Central Station.

t Of these 15,531,000 were from Central Station, 10,725,000 from Battery Station,

8,063,000 from steamer Fish Hawk, and 340,000 from steamer Lookout.

t From Wytheville Station.
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of 1885 -'86, by Mr. Frank N. Clark ; the operations at the United States

salmon and trout stations on the McCloud Eiver, in California, for

1885, by Mr. Livingston Stone ; two reports on the work in Maine (on

the propagation of Penobscot salmon and Schoodic salmon) by Mr.

Charles G. Atkins j a report on an oyster investigation in New York
waters with the steamer Lookout, by Mr. Eugene G. Blackford, one of

the fish commissioners of New. York ; the operations at the Saint Jerome

oyster-breeding station, by Mr. William deC. Ravenel ; and a report on

the thermometers of the U. S. Fish Commission, by Dr. J. H. Kidder.

«

B.

—

The Fisheries.

The four articles in this section are of a more general nature, three of

them pertaining to the fishing industries of European countries. The

first is a report by Capt. Joseph W. Collins on the discovery and in-

vestigation of the fishing-grounds visited by the steamer Albatross

during a cruise along the Atlantic coast and in the Gulf of Mexico, with

notes on the Gulf fisheries, having special reference to the fisheries off

the west coast of Florida. This is illustrated by ten plates, and has a

special index. A paper follows containing extracts from the Norwegian

fishery statistics for 1884, by Boye Strom. The next article is a trans-

lation from the Norwegian Fishery Gazette on the manufacture of klip-

fish, which treats of the salting and drying of codfish in general, but

with more particular reference to the process as carried on in Norway.

The last paper is an extract from the report of G. Bouchon-Brandely to

the French minister of marine and the colonies, on pearls and mother-

of-pearl at Tahiti and the Tuamotu Archipelago, which gives a very

good idea of this new and growing industry in the South Pacific.

C.

—

Oyster Culture.

The one article in this section it is hoped will prove of remarkably

practical value, in that it contains an exposition of the principles of a

rational system of oyster culture, together with an account of a new
and practical method of obtaining oyster spat on a scale of commercial

importance. It is by Prof. John A. Eyder, is illustrated by four plates,

and is provided with a special index.

D.

—

Scientific Investigation.

Of the five papers in this section, the first is a report by Sidney I.

Smith on the decapod Crustacea of the Albatross dredgmgs off the east

coast of the United States during the summer and autumn of 1884, il-

lustrated by twenty plates and having a special index. The next is an

article by John A. Ryder on the development of the cetacea, together

with a consideration of the probable homologies of the flukes of ceta-

ceans and sirenians. This is furnished with three plates, and has also

an index of its own. The following article is also by Mr. Ryder, on the

development of osseous fishes, including marine and fresh-water forms,
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which is illustrated by thirty plates. The next paper is by Prof. H. E.

Webster and James E.Benedict, on the Annelida Chaetopoda, from East-

port, Me., which has eight plates and is provided with a special index.

The last paper is by John Murray and A. Renard on the nomenclature,

origin, and distribution of deep-sea deposits, which was read before

the royal society of Edinburgh.

E.

—

Miscellaneous.

The first of the two articles in this section is a catalogue of the fishes

known to inhabit the waters of North America north of the Tropic of

Cancer, with notes on the species discovered in 1883 and 1884, by Prof.

David S. Jordan, which is provided with a valuable special index of

forty-three pages. The last article of the appendix is by Eobert G.

Dyreuforth, giving a list and description of the patents issued by the

United States during the years 1882, 1883, and 1884, which relate to fish

and the methods, products, and applications of the fisheries, the article

being illustrated by oue hundred and fifty pages of plates.

This series of twenty-five papers contains many of high value, and is

illustrated by two hundred and thirty plates. Seven of the longer arti-

cles are provided with special indexes, as it is often desirable to issue

these papers in separate pamphlet form for distribution to specialists

not interested in the contents of the entire volume.

E.—SUPPLEMENT TO THE REPORT PROPER.

33.—LIST OF LIGHT HOUSE KEEPERS RENDERING ASSISTANCE.

The following is a list of the light-houses (with their keepers) at which
temperatures and the occurrences of ocean fish have been observed dur-

ing a portion or all of the present year:

List of light-houses on the Atlantic coast at which ocean temperatures have been taken during

the year 1885, together with the number of monthly reports made at each one.

Petit, Manan light-house, Petit Manan Island.

George L. Upton, Millbridge, Me , 12

Mount Desert light-house, Mount Desert Rock.

Thomas Milan, Southwest Harbor, Me 12

Matiuicus Rock light-house, Penobscot Bay.

William G. Grant, Matiuicus, Me 12

Seguin light-house, Seguin Island, Kennebec River.

Thomas Day, Hunnewell's Point, Me 12

Boon Island light-house, Boon Island, Me.
Alfred J. Levitt, box 808, Portsmouth, N. H 12

Miuot's Ledge light-house, Cohasset Rocks, Boston Bay.
Frank F. Martin, Cohasset, Mass 12

Race Point light-house, Cape Cod Bay.

James Cashman, Provincetown, Mass. (Thomas V. Mullins reported October,
November, and December) 12

Pollock Rip light-station, entrance to Vineyard Sound.
Joseph Allen, jr., South Yarmouth, Mass 12
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Nantucket New South Shoal light-station, Davis New South Shoal.

Andrew J. Sahdshury, Nantucket, Mass 12

Cross Rip light-station, Vineyard Sound.

Luther Eldrklge, Chatham, Mass 11

Buoy Depot, Government wharf, office of light-house inspector.

Benjamin J. Edwards, Wood's Holl, Mass 12

Vineyard Sound light-station, Sow and Pigs Rocks.

William H. Doane, 13 Kempton .street, New Bedford, Mass 12

Brenton's Reef light-station, ofi'Brenton's Reef and Newport Harbor.

Charles D. Marsh, 54 John street, Newport, R. I 12

Block Island light-house, southeast end of Block Island.

H. W. Clark, Block Island, R. I 12

Bartlett's Reef light -station, Long Island Sound.

Daniel G. Tinker, New London, Conn 12

Stratford Shoals light-house, Middle Ground, Long Island Sound.

James G. Scott, Miller's Place, Suffolk County, N. Y. (Ezra S. Mott reported

September, October, November, and December) 12

Fire Island light-house, south side of Long Island.

SethR. Hubbard, Bay Shore, N. Y 11

Sandy Hook light-house, entrance to New York Bay.

R. II. Pritchard, 120 Spencer street, Brooklyn E. D., N. Y 12

Absecom light-house, Absecom Inlet.

A. G. Wolf, Atlantic City, N. J 12

Five-Fathom Bank light-station, off Delaware Bay.

William W. Smith, Cape May, N. J 12

Fourteen-Foot Bank light-station, Delaware Hay.

Ed. A.Howell, Delaware City, Del 8

Winter-Quarter Shoal light-station, Chincoteague Islaud, Va.

C. Lindemann, Brooklyn E. D., N. Y 12

York Spit light-house, Chesapeake Bay.

James K. Hudgins, Port Haywood, Va 12

Wolf-Trap Bar light-house, Chesapeake Bay.

John L. Burroughs, New Point, Matthews County, Va. 12

Stingray Point light-house, Chesapeake Bay.

Charles F. Sadler, Hudgins, Va 12

Windmill Point light-house, mouth of Rappahannock River.

James G. Williams, Hudgins, Va 12

Point Lookout light-house, mouth of Potomac River.

William Yeatman, Cornfield, St. Mary's County, Md 12

Body's Islaud light-house, north of Cape Hatteras.

Peter G. Gallop, Manteo, Dare County, N. C 12

Cape Lookout light-house, Capo Lookout.

Denard Rumley, Beaufort, N. C 12

Frying-Pan Shoal light-station, Cape Fear.

Henry Swan, Smithville, N. C 12

Rattlesnake Shoal light-station, off Charleston.

John McCormick, Charleston, S. C 12

Martin's Industry light-station, off Port Royal.

John Masson, Beaufort, S. C 12

Fowey Rocks light-house, Fowey Rocks.

John J. Lanier, Miami, Fla 12

Carysforl Reef light-house, Florida Reefs.

Martin Weatherford, Key West, Fla 12

Dry Tortugas light-house, Loggerhead Key.

Robert H. Thompson, Key West, Fla 12
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34.—LIST OF RAILROADS FURNISHING TRANSPORTATION AT REDUCED
RATES.

It has already been mentioned that the railroads of the country in

general have transported the cars of the Commission at a rate of 20

cents per mile, this including the fare of five messengers—a figure very

much less than the usual charge for such service, and showing the

favorable consideration entertainted by the companies toward the work
of the Commission. For many thousands of miles the service has been

conducted without any cost whatever to the Commission. The only

road that charged more than 20 cents per mile is the Union Pacific.

List of railroads that moved cars, and messengers to the number of five accompanying, at

the rate of 20 cents a mile during the year 1885.

Miles.

Alabama Great Southern Railroad; Chattanooga, Tenn 143

Boston and Albany Railroad ; Springfield, Mass 800

Central Railroad of Georgia; Savannah, Ga 690

Charlotte, Columbia and Augusta Railroad ; Columbia, S. C 489

Chesapeake and Ohio Railway; Richmond, Va 1,032

Chesapeake, Ohio and Southwestern Railway ; Louisville, Ky 392

Chicago, Burlington aud Quiucy Railroad ; Chicago, 111 374

Chicago, Milwaukee and Saint Paul Railway ; Milwaukee, Wis 1, 220

Chicago and Northwestern Railway; Chicago, 111 580

Chicago, Saint Louis and Pittsburg Railroad ; Pittsburg, Pa 381

Columbia and Greenville Railroad; Columbia, S. C 107

Cumberland Valley Railroad ; Chambersburg, Pa 222

Delaware, Lackawanna and Western Railroad ; New York, N. Y 154

East Tennessee, Virginia aud Georgia Railroad ; Knoxville, Tenn 242

Georgia Railroad ; Augusta, Ga 171

Illinois Central Railroad ; Chicago, 111 1, 756

Indianapolis, Decatur and Springfield Railway; Indianapolis, Ind 153

Louisville and Nashville Railroad; Louisville, Ky 127

New York Central and Hudson River Railroad ; New York, N. Y 298
New York, New Haven and Hartford Railroad; New York, N. Y 240

New York, Providence and Boston Railroad ; Stonington, Conn 128

New York, West Shore and Buffalo Railway ; New York, N. Y 705

Norfolk aud Western Railroad ; Philadelphia, Pa 727

Ohio and Mississippi Railway; Cincinnati, Ohio 43

Pennsylvania Railroad ; Philadelphia, Pa 15, 329

Pittsburg, Cincinnati and Saint Louis Railway ; Pittsburg, Pa 5, 715

Richmond and Danville Railroad ; Richmond, Va 2, 628
Richmond, Fredericksburg and Potomac Railroad ; Richmond, Va 40

Saint Louis, Keokuk and Northwestern Railway; Keokuk, Iowa 262
Savannah, Florida and Western Railway ; Savannah, Ga 666
Shenandoah Valley Railroad; Philadelphia, Pa 909

Terre Haute aud Indianapolis Railroad ; Terre Haute, Ind 3, 334

Union Pacific Railway ; Omaha, Nebr 2, 603

Virginia Midland Railway ; Alexandria, Va 4,506
Wabash, Saiut Louis and Pacific Railway ; Saint Louis, Mo 902
Western Railway of Alabama, and Atlanta and West Point Railroad ; Mont-
gomery

?

Ala •_. 525

Total „_.„ 48,593
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Concessions of free transportation for cars and messengers, and every

facility for the convenience and expedition of the work of distribution,

have been afforded by sixteen roads. The aggregate number of miles

of free transportation received was 26,212.

List of railroads that moved cars, and messengers to the number of five accompanying, free

of charge during the year 1885.
Miles.

Atchison, Topeka and Santa F6 Railroad ; Topeka, Kans 4, 134

Atlantic and Pacific Railroad ; Albuquerque, N. Mex 1,952

Chicago and West Michigan Railway; Muskegon, Mich 54

Detroit, Grand Haven and Milwaukee Railway ; Detroit, Mich 288

Flint and Pere Marquette Railroad ; East Saginaw, Mich 1,972

International and Great Northern Railroad ; Saint Louis, Mo 932

Lake Shore and Michigan Southern Railway ; Cleveland, Ohio 98

Michigan Central Railroad; Detroit, Mich 1,892

Milwaukee, Lake Shore and Western Railway; Milwaukee, Wis 106

Missouri, Kansas and Texas Railway ; Saint Louis, Mo 1, 252

Missouri Pacific Railway; Saint Louis, Mo 2,034

Northern Pacific Railroad ; Saint Paul, Minn 7,498

Oregon Railway and Navigation Company; Portland, Oreg 916

Saint Louis, Iron Mountain and Southern Railway; Saint Louis, Mo 490

Texas and Pacific Railway, Dallas, Tex 2, 064

Utah Central Railway ; Salt Lake City, Utah 530

Total 26,212

35.—SUMMARY OF FISH DISTRIBUTED TO PUBLIC WATERS FROM 1872

TO 1882, INCLUSIVE, BY THE U. S. FISH COMMISSION.

The following table shows a total of 341,096,971 fish distributed to

public waters during the first 11 years of the existence of the Com-
mission :

Waters stocked.
Atlantic
salmon.

From Saint John River to Merrimac
River, inclusive 5, 851, 139

Massachusetts Bay to Cape Cod Bay, in-

clusive 45, 060
Buzzard's Bay to Block Island Sound, in-

clusive 704, 597
Connecticut Elver and tributaries 1, 979, 0S6
Long Island Sound, exclusive of Connec-

ticut River 303, 937
Hudson River and tributaries 508, 30u
From Hackensack Eiver to Sandy Hook
Bay, inclusive 111,000

From Sandy Hook Point to Cape May,
inclusive

Delaware Bay 906, 822
From Cape Henlopen to Capo Charles.

.

Chesapeake Bay 463, 796
Albemarle Sound
Pamlico Sound
From Cape Fear River to Altamaha River,
inclusive 11,000

Gulf of Mexico east of the Mississippi
River

Mississippi River and tributaries
Gulf of Mexico west of the Mississippi
River

Pacific coast
Great Lakes and Saint Lawrence River. ..

Miscellaneous

Total

.

2, 162, 100

987, 100
265, 950

California
salmon.

754, 700

138, 000

363, 000
740, 000

410, 1S6

193, 500

188, 000

119,000
1, 954, 629

13, 000
5, 041, 544

176, 000
]H,2U0

1, 015, 500

89, 500

5, 835, 760

92, 600
13, 183, 000
1, 955, 315

899, 300

Landlocked
salmon

, 849, 412

448, 100

324, 100
724, 861

501,949
43, 250

48, 150

176, 819

178, 175
6,450
600

28. 525

444,650

33, 647
37*, 510
217, 763

12, 519, S87 I 33, 172, 734 l 6, 404, 961

Salmon
trout.

2,000

35, 000

3,600

40, 600

California
trout.

2,000

38, 000

4,000

22, 000

39, 102
11,728

116,830
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"Waters stocked.
Brook
trout.

Shad. Whitefish. Herring. Miscellaneous.

From Saint John River to Merri-'

mac River, inclusive
Massachusetts Bay to Cape Cod
Bay, inclusive

Buzzard's Bay to Block Island
Sound, inclusive

Connecticut River and tributaries.

Long Island Sound, exclusive of
Connecticut River

Hudson River and tributaries
From Hackensack River to Sandy
Hook Bay, inclusive

From Sandy Hook Point to Cape
May, inclusive

Delaware Bay
From Cape Henlopen to Cape
Charles

Chesapeake Bay

, 123, 500

300, 000

, 172, 000

, 661, 000

190, 000

, 133, 000

27, 200

1, 538, 000

L34,

50, 000
. 032, 850

Albemarle Sound
Pamlico Sound
From Cape Fear River toAltamaha

River, inclusive
Gulf of Mexico east of theMissis-
sippi River

Mississippi River and tributaries .

Gulf of Mexico west of the Missis-
sippi River

Pacilic coast
Great Lakes and Saint Lawrence
River

Miscellaneous

8, 778, 900
1, 300, 000

7, 997, 100

41, 000

20, 000

628, 000
788, 400

469, 000
619, 000

160, 400
5,200

775, 000

75, 000

7,000
45, 000

90, 000

45, 000

7, 833, 000

575, 000

510, 000

72, 785, 000

2, 165, 000

2. 000, 000

10,000 Salmo solar X S.
salar var. gebago.

4, 500 Rhine salmon.
25,000 codfish, 270,000
Spanish mackerel,
5,000 Rangeley trout,
and 180,000 white
perch.

400, 000 rockfish.

7, 500 Rangeley trout.

409 moranke.

Total. 88,200 200,946,350 77, 072, 000 9, 833, 000 902, 409

36.—CIRCULAR TO PERSONS ENGAGED IN THE COD,
OTHER GROUND FISHERIES.

HALIBUT, AND

The following circular was widely distributed to fishermen and own-

ers of vessels during November, 1885

:

United States Commission of Fish and Fisheries,

Washington, JD. C, November 1, 1885.

The temporary arrangement made between the Governments of the

United States and of Canada, providing for the continuance, in a mod-

fied form, of the present international fisheries treaty, makes accurate

information in regard to the fisheries of 1885 of very great importance.

All persons interested are therefore earnestly requested to render their

aid in having ready the necessary data for any future international

action. With this object the accompanying blank has been prepared,

aud will be distributed through Mr. W. A. Wilcox, assistant to the

United States Fish Commission, at Gloucester, Mass., from whom any

number of copies can be obtained. Any information, when so requested

,

will be considered strictly confidential, but will be collated in the digest

to be made at the close of the fishing season.

The complete record of your port should be sent to Mr. Wilcox im -

mediately.
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Any matters of record, prices, &c, not covered by the questions, will

add to the value of the return.

SPENCER F. BAIRD,
U. S. Commissioner of Fish and Fisheries.

[Blanks when filled, and other information on the subject, should be

sent to W.A.Wilcox, United States Fish Commission, Gloucester, Mass.]

COD, HALIBUT, AND OTHEIl GROUND ITS] I.

Port of , . Season of 1885.
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I -REPORT ON THE WORK OF THE UNITED STATES FISH

COMMISSION STEAMER ALBATROSS FOR THE YEAR ENDING
DECEMBER 31, 1885.

By Lieut.-Commandek Z. L. Tanner, U. S. N., Commanding.

The Albatross was at the navy-yard, Norfolk, Va., at the close of my
last annual report, December 31, 1884. All preparations for sea had
been completed, and we were waiting the arrival of the naturalists who
were to join us for the winter's cruise. They arrived on the morning of

January 3, 1885, the party being composed of Messrs. Benedict, Bean,

Collins, and Lee.

We left the navy-yard at 2.25 p. in., and proceeded to sea under the

following orders

:

U. S. Commission op Fish and Fisheries,
Washington, D. C, December 20, 1884.

Capt. Z. L. Tanner,
Commanding steamer Albatross,

Wavy- Yard, Washington, D. C.

Sir : After making the necessary preliminary arrangements, you will

start from Washington, in the Albatross, on or about January 5, 1885,
and proceed to the Gulf of Mexico, for the purpose of making a careful

investigation into the food-fishes and the fisheries of that body of water.
If circumstances favor, you will make a trial of the trawl-line at Cape

Hatteras for the tile-fish, selecting the most suitable region kuown to

you.
In proceeding to the Gulf of Mexico, you are at liberty to touch at

any of the principal Atlantic or Gulf ports for supplies, or for such
other purposes as you may deem expedient. On all such occasions you
will report, by telegraph, your arrival, probable length of stay, and time
of departure.

Letters will be sent to you at Key West and New Orleans, at which
points inquiry should be made for them.
The general plan of the service in question is left to your discretion.

When yon touch at Pensacola, you will call upon Mr. Silas Stearns, of

the fishing firm of Warren & Co., and ask suggestions from him in re-

gard to the best points for exploration. This gentleman has kindly
agreed to accompany the vessel on one of its cruises, and you will ac-

cordingly make the necessary arrangements.
You will endeavor to ascertain the reasons why the various food-

fishes affect particular localities, so as to obtain data for deducing the

probable occurrence of certain fishes on grounds ascertained to possess

[11 3
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t he appropriate food or physical characteristics. You will locate on the

charts the known banks where the fish are found, as well as the new
oik's that may be discovered.

The fullest information as to the habits and characteristics of the fish

met with should be gathered and recorded.

You will make New Orleans, in the vicinity of the Exposition build-

ing, a special point of resort, coming in from time to time, and landing

such of the collections as it is considered expedient to display in the Gov-
ern ment building or to send at once to Washington. Arrangements
will be made, if possible, for a specialist connected with the Commis-
sion to be on hand at New Orleans and take charge of these collections.

Unless for special reasons, it is not desired to have the cruise occupy
a longer period than three or three and a half months. Suggestions,

however, from you as to curtailing or extending this time will receive

attention ; much will necessarily depend upon the cost of coal and
#
otlfer

elements of maintenance chargeable to the Commission.
The scientific staff for the cruise will consist, as heretofore, of Mr.

Benedict as chief naturalist, who will be assisted by Mr. Thomas Lee.

Captain Collins will probably start with you and aid in the experiments

as to the methods of fishing, and you will ask his advice in such mat-

ters, as already intimated. Mr. Silas Stearns, of Pensacola, may be able

to accompany you on one or more of your trips, as may be convenient

to him and yourself; and it is not impossible that for part of the cruise

the services of Dr. Bean may be substituted for those of Captain Col-

lins. This special service will not include, however, more than four

persons.
Should there be any other points in regard to which you desire in-

structions or suggestions, I shall be pleased to have you call attention

to them.
Respectfully, SPENCER F. BAIRD,

Commissioner.

IT. S. Commission of Fish and Fisheries,
Washington, 1). C, December 19, 1884.

Capt. Z. L. Tanner,
Commanding steamer Albatross,

Navy-Yard, Washington, I). C.

Sir, : If it can be done during any part of your cruise, without in any
way interfering with the service or increasing the expense, I should be
glad to have you make a special examination of the food fishes and
mollusks in the vicinity of the island of Cozumel, off the coast of

Yucatan, and winch is said to be very rich in such products.

Should it be convenient to do so, without in any way interfering

with the proper service of the vessel, I wish also to have a careful ex-

ploration made of the natural history of the island, especially of the

birds, mammals, and reptiles, which will probably furnish a field of in-

teresting research.

Respectfully,
SPENCER F. BAIRD,

Commissioner.

The wind was moderate from the eastward, with cloudy weather, clear-

ing during the evening; the barometer was unusually high, touching

31.10 at noon, the highest point I recollect ever having seen it on the
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Atlantic coast. It began falling early on the 4th and the wind veered to

SM, increasing to a strong wind, moderating, however, during the after-

noon, when it veered to the northward and westward. We passed Cape

Hatteras at 5 a. m., and entered the Gulf Stream at 7 a. m., intending to

set the trawl-line for tile-fish and try the dredge and trawl, but the sea

was too rough for boat work, so we hauled inshore out of the Stream and

continued our coarse to the southward until the following rnorniug, when,

the wind having moderated, we set a trawl-line in 79 fathoms, latitude 3_J°

55' N., longitude 77° 54' W. No tile-fish were taken—in fact, nothing

except an eel and two small hake. Four hauls of the trawl, with wing-

nets and mud-bag attached, were made during the day, with good re-

sults. We found many familiar species, which seemed to be at home
along the whole coast, besides others which were new to us. Large

numbers of Munidas of a rare species were found, somewhat like those

so plentiful on the tile-fish grounds off the New England coast. Several

sea-urchins, new to the Albatross, were taken, besides crabs, cephalo-

pods, worms, small sponges, shells, foraminifera, and a variety of fish.

The wind, which was light in the morning, increased steadily during

the day, ending with a moderate gale, and, being in the Gulf Stream, an

exceedingly uncomfortable sea. We kept on the edge of the Stream with

the intention of continuing our work on the Gth, but the gale still held

from the southward, making it impracticable. It hauled to the westward

on the 7th, still blowing a gale, with every appearance of holding for

days, while we were laboring in a regular Gulf Stream sea, which must be

experienced to be appreciated, holding on in hopes of getting an oppor-

tunity of continuing our work. Thus prospect, however, was so dis-

couraging that we squared away on the above date, and under steam and

sail ran out of the Stream to the southward and eastward, then laid a

course for the Straits pf Florida, wind and sea moderating.

At 2.50 p. m., January 9, we arrived at Key West and anchored off

the naval station, going to the wharf later in the day. While steaming

along the Florida reefs from 9 to 10 knots per hour, several kiugfish

were captured with a trolling-line. The larger fish succeeded in tearing

themselves from the hook, those of moderate size only being lauded on

deck.

At 0.10 a. in. on the 10th we left the wharf, steamed out clear of the

reefs, and swung ship under steam, observing azimuths of the sun on

every point of the compass to ascertain the local deviation. The work

being completed, we returned to port, and at 11.45 a. m. made fast to

the wharf. At 1.15 p. m. we commenced coaling and finished the fol-

lowing day, having received 8LJ tons. The naturalists were collecting

during our stay, giving most of their attention to birds. Captain Col

lins gained valuable information among the fishermen and took several

hauls of the seine with good results.

At 1 p. . on the 15th we cast off from the wharf aud steamed out of

the main ship channel en route for Havana. At 2.15 p. in. we cast the
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trawl in 37 fathoms, sand and broken coral bottom, latitude 24° 2G' N.,

longitude Sl° 48' 15" W. It soon caught on the rough bottom and

came up tail first, but there were several good specimens in tbe folds of

the net. Tbe ground was very thickly strewn with coral fragments and

dotted with growing coral, making it wholly unfit for trawling ;
but we

used an old net of very little value, and succeeded in making three in-

teresting and successful hauls. Fish were represented by several spe-

cies, some being new to us, and the iu vertebrates included many species

of crabs, echinoderms, cephalopods, shells, corals, &c, a better variety

probably than would be obtained by going over the ground again, as

we could not expect to make the same number of hauls without sacri-

ficing the net. Alter working until dark we started for Havana, arriv-

ing at 8.30 a. m. the following morning, making fast to mooring buoy

No. 3. We received the usual visits from the authorities on shore, and

from the French ram Bouvet, all of which were returned during the day.

At 10 a, m. I called on the United States consul-general, Robert Will-

iams, esq., who accompanied me to the office of the captain of the port,

he being, in the absence of the admiral, in command of the station.

Upon being informed of our mission to Cuba he offered his services and

expressed a hope that we would meet with success.

At 6.15 a. m. (lie following morning, .January 17, we left the port and

lowered the tangles outside the entrance as near as possible in the spot

where we found the Pentacrinus last winter. Thirteen hauls were made

during the day in from 114 to 230 fathoms, rough coral bottom ; the

losses amounting to one tangle, 50 fathoms of dredge-rope, and two

sounding-shot used as tangle- weights. The result of the day's work

was 85 specimens of Pentacrinus in good condition, and a large number

of small crabs, echinoderms, shrimp, sponges, small fish, &c. We re-

turned to port and made last to the buoy at 6.15,p. m. The next day,

being Sunday, we remained in port receiving visits from the United

States consul-general, captain of the port, Capt. J. Romero y Moreno,

Spanish navy, and others.

We were under way again the following morning, making thirteen

hauls- during the day without loss, taking 187 sea-lilies in good condi-

tion, and a single specimen of what was said to be a new genus.

Preparations lor our final departure were made Tuesday morning, and

we left the harbor at noon. Six hauls were made during the afternoon
;

five with the tangles resulting in the capture of 100 sea-lilies, and one,

the last, with the small beam-trawl over the same ground. We hardly ex-

pected to see the net again, although thinking it worth the trial. Strange

to say, there was not a single specimen of Pentacrinus brought up; in

other respects the haul was an excellent one. Among the many things

in the net were a variety of cup sponges, ophiurans, corals, and a rare

fish, a line specimen of Astrophyton, and several remarkable sea-urchins

having very long spines. Many of the specimens were unique, and had

daylight permitted we would have made another attempt with the
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trawl. The result of the 33 hauls was 379 sea-lilies in good condition,

besides other specimens too numerous to mention.

At 5.20 p. m. we started ahead for the island of Cozumel, off the east

coast of Yucatan. The engines were slowed for half an hour soon after

dark for surface towing, but to our surprise very little life was found.

At 9.02 a. m., January 21, we cast the trawl in 426 fathoms, white

coral sand, latitude 22° 41' K, longitude 84° 16' 30" W., and again at

11.13 a. in., in 463 fathoms, same character of bottom, latitude 22° 35'

K, longitude 84° 23' W. Coral patches were encountered both times

and caught the net; but we succeeded in getting it on board with a few

good specimens of ophiurans, sponges, corals, fish, &c. The weather

was squally during the day with frequent showers, clearing during the

evening. Our course for many hours lay parallel with the Colorado

reefs, on which we saw two wrecks, one of them being a Spanish man-

of-war.

Shortly after dark the engines were slowed half au hour for surface

towing, and, although a few good specimens were obtained, we found

comparatively little life.

Cape San Antonio light was sighted at dark and passed out of sight

at 9 p. m. At 9.38 a. m. the following morning we put the tangles over

in 167 fathoms, sand, sponge, and coral bottom, latitude 20°. 59' N.,

longitude 86° 23' W., off the eastern edge of Arrowsmith Banks. A
few free criuoids, crabs, sponges, &c, were taken, and finding the bot-

tom smoother than was anticipated the small beam-trawl was put over

in 130 fathoms, near the first position, making au excellent haul.

Among the various forms were some fine gorgonian corals, an echiuo-

derm, sponges, corals, &c. This success induced us to make another

trial, when we fouled the bottom and lost the trawl-net.

We sighted the island of Cozumel at 3.10 p. m., January 22, and

anchored on the bank at 4.55 p. m. in 5J fathoms, sandy bottom. The

situation was exposed to northerly winds and the holding ground was

not good; but we passed a comfortable night, and at 0.10 a. in., on the

following day, we got under way and steamed along the western side

of the island to the anchorage off the village of San Miguel, about 4

miles from the northwest end, where we anchored in 41- fathoms, sandy

bottom, about one-fourth of a mile from the beach.

Visits were received from the authorities on shore and returned; our

object in visiting the island was made known, and in the afternoon a

hunting party was sent on shore to commence collecting, giving their

attention principally to birds. They were very successful, returning

before dark with large numbers, many more than they were able to skin

during the night. Those that could not be otherwise cared for were,

however, preserved in alcohol, so that none were lost.

The 24th was a busy day with the naturalists, some of whom were

traversing the jungle in search of birds, and others, assisted by a work-

ing party from the crew, hauling the seine along the beach. Both were
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successful, bringing in many valuable specimens. Seining, however,

cau be carried on to a limited extent only, owing to the character of the

bottom, which, if not rocky, is usually dotted with coral patches or frag-

ments of dead coral washed up by the sea. The lot of the hunter is

not altogether a happy one, for the moment he penetrates the dense un-

dergrowth he is literally covered with wood-ticks, which are unpleas-

ant at all times, and often prove a serious nuisance.

We remained at our anchorage off San Miguel until the morning of

January 29, the work of collecting beiug carried on vigorously by the

naturalists, assisted by the officers and workingparties detailed from the

crew. Large numbers of birds and fishes were obtained, besides some

flue specimens of mammals.

The photographer succeeded in taking views of two of the principal

ruins, one an old church near San Miguel, and the other a large budd-

ing near the southern end of the island. The following interesting re-

port of his trip is submitted :

"1 left the ship on the 24th of January, with Mr. J. B. Anduze, in

the steam-launch for a trip to his plantation, located on the southern

end of the island, about 12 miles distant. In passing down the coast

we stopped off the mouth of a small creek, which empties into the sea

about 5 miles from the village of San Mijiuel, and took a photograph

of the entrance. J learned that this creek is about GO feet wide at its

mouth, which has high rocks on each side, and has an average of 6 feet

of water on the bar. On the inside there is a basin of about 300 yards

in circumference, the banks of which are perpendicular rocks about

ieetiu height. The water in this basin is so deep that vessels of 80 tons

can lay alongside the shore and take in their cargo. From this place to

the landing the shore was very low, except one point which was quite

rocky ; all the rest presented the appearance of being tine sandy beaches

and good places for hauling seine. When we reached the landing the

surf was so heavy that we were landed from the boat on the backs of

natives. The plantation being about three miles in the interior, we were

compelled to make the rest of our journey on small ponies that are used

in all tropical countries. The road, or rather a narrow bridle-path, led

through a dense forest of small twisted knotty trees whose trunks and

limbs were covered with creeping vines, so that it was almost impossible

to distinguish theleaves of 1 lietreefrom those of the vine. Many of these

vines bore some remarkably beautiful flowers whicli made a very pretty

scene; the foliage meeting overhead completely shut out the rays of

the sun, and the total absence of buzzing insects made the ride a very

pleasant one. i saw a large number of birds both large and small,

some of which were very beautiful, also buttertiies of every color imag-

inable.

"We reached the plantation at 5 o'clock in the evening, too late to

take photographs. This plantation consists of a farm of half a league

square, around which is a high stone wall, the fields being divided
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off by rail fences. There were large fields of bananas, and plantain trees,

pineapples, corn, and ginger, with immense groves of orange and lemon

trees, but all seemed neglected entirely or very poorly cultivated.

Farming implements of the crudest kind, no modern appliances being

used, may account for the appearance of the fields. The houses were
five large thatched structures arranged in a square. These are used

for servants to live in and also to store the products of the plantation

as they are gathered. In the center of this square is a large stone

building with a thatched roof, which is the residence of Mr. Anduze.

This must have been a beautiful place once, but is now sadly out of re-

pair. While waiting for supper we went to an Indian village which is

located on this plantation. Here I found a collection of about fifty

houses occupied by thirty families. They were much, neater in their

general appearance and more intelligent than the Indians of San Miguel.

Our appearance excited so much curiosity that the entire village turned

out, so that I had a good view of them, I found their complexion to be

that of a bright mulatto, very dark eyes, and with long, straight, coarse,

black hair. The men had scanty black beards, and were in height about

5 feet 4 inches, with features blunt and short. I entered several of their

houses, which were huts made of poles, with thatched roofs, the floors

being made of cement, raised a foot or more above the ground, and kept

very clean. In each case I found but oue room in a hut where the entire

family lived, cooked, and slept, their hammocks being triced up to the

rafters during the day. But everything was very clean, all the women
were dressed in loose, comfortable white gowns and the children the

same—those that had anything on. Some were engaged in making
cigars, some curing tobacco, and others making baskets. The occupa-

tion of the men at this time is that of wood-chopping, all being engaged
in cutting cross-ties for railroad companies in Yucatan.

"Unlike the other villages of the island, the cattle here are not al

lowed to run at large about the houses, but are kept in big pens with

high stone walls around them. I saw some old Indians that were un-

able to converse in Spanish, and who knew no language but the orig-

inal Indian tongue. They all speak the Indian language somewhat.

They have a small Catholic church in the village, but there having

occurred several remarkable spiritualistic exhibitions among the inhab-

itants on the island, they have in consequence all turned spiritualists,

and their church is neglected and about to fall down. Just on the

edge of the village is an old ruin, which, these Indians say, was here at

the time of the Spanish conquest, but they know nothing definite about

it. The next morning we went out to the ruins on the other side of the

plantation, and the undergrowth, having been cut away the evening be-

fore from around them, gave us a good view. I found what had once

been a very large temple, covering about half an acre of ground, the

walls of which had fallen in such a way as to form a large mound, on

which grass, trees, and undergrowth had grown so thick that it was only
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with careful search that we could make out the size of the building. The

central tower, or part of it, is the only thing left standing. There is

but one entrance to this tower, which opens into a very narrow vaulted

room. On the left of the entrance I found some markings on the wall.

I detached the plaster on which they were and brought it to the ship. I

also found what at first appeared to be iron staples driven into the wall

on each side of the entrance, but by a blow of the hand they were broken

off and proved to be made of stone and cemented to the wall. These

were also brought to the ship. I found within a radius of half a mile

of this tower the ruins of a large number of stone arches, beneath which,

the Indians say, are buried all kinds of beautiful pottery; but they will

not dig for it as they have a belief that at one time the island of Cozu-

mel was one vast cemetery for the inhabitants of the main land. Both

Indians and Spaniards claim that these ruins were here at the time of

the conquest of Mexico, and that Cortez landed on this island in 1519

before going to the main land. I took three views of this ruin, and then

went back to the Indian village and made two photographs of the ruin

tluere, two of the village ami its inhabitants, one of the interior of a

dwelling, two of Mr. Anduzc's plantation, and in the evening returned

to the ship.

'•A few days later I wentashoreat San Miguel and made a photograph

of the center of the town, including an old Spanish church, now used as

a guard-house. I then went to the ruins of an old Indian church, about

a mile north of the village of San Miguel, of which there was so little

left standing that it was only here and there that a small portion of the

walls could be seen. I had the undergrowth cut away, and took three

views of the graves and parts of the wall that wore visible. I found

that around the church, under the soil, was a pavement of fiat, smooth

stones, regularly laid down with cement. I was told that it extended

for half a mile around the church, and that there was a broad pave-

ment leading from the front of the church to the water's edge, a mile

away. I traced the pavement a short distance towards the water by

digging up the loose earth with a pointed stick."

At 7.35 a. m. on the 29th we got under way and steamed to the south-

western extremity of the island. A gunning party was sent ashore for

birds and a seining party for fish. The Albatross, standing a little off

shore, in the mean time made two hauls with the tangles and two with

the small beam-trawl. The depth was from 137 fathoms to 231 fath-

oms, coral sand and occasional coral patches, which made it rough work

for a trawl. We were not successful with the tangles, but the trawl

brought up some valuable specimens, a. portion of which were new to

us. We stood iu shore a little before sunset and picked up the collect-

ing parties, who reported nothing new in this locality.

Mr. Benedict thought we could not spend more time here advanta-

geously. We had, he said, a large number of every species of birdseeu

on the island, besides other specimens, and, although we might get a
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few more species by remaining, lie thought the chances too remote to

compensate us for the delay. Being of the same opinion myself, we
started for the Campeche banks, with the intention of making an ex-

amination of the character of the bottom, its fauna, &c.

At 7.42 the following morning we sounded and put the tangles

over in 20 fathoms, sand and coral, on the Campeche banks, in latitude

22° OS' 30" K, longitude 80° 49' W. Fishing with hand-lines was also

tried, but without success. Seven hauls of the beam-trawl were made
at various intervals during the day, resulting in the capture of a large

number of specimens, many of them new to us, besides quite a number
of red groupers with hook and line, some of them very large. The bot-

tom where fish were taken was covered with live coral, sponges, a vege-

table growth resembling sea-lettuce (Ulvn lactuca), and was of course

swarming with life.

It was our intention to spend several days in the examination of this

region, particularly as to its fish products, and then proceed to New
Orleans; but it became necessary to change the program. One of

our seamen was very sick with typhoid fever, which took an unfavora-

ble turn during the day, the patient failing very rapidly. The surgeon

finally stated that the only chance of saving his life was to get him into

a hospital as soon as possible; and as Pensacola was our nearest port,

we made the best of our way there, arriving at the navy-yard at 2.30 p.

m. on February 2, when the patient was transferred to the hospital for

treatment.

Wo went to the coal-wharf on the morning of the 3d and made prepa-

rations for coaling; the fires were hauled, boilers blown down, and the

water-line painted where it had been scraped off by the ice when leaving

Washington. Coaling was commenced on the morning of the 4th and

finished a little before dark on the 5th. The boilers were filled with

rain-water from the yard tanks and fires started under the starboard

boiler for heating and lighting the vessel.

At 4.10 p. m. we left the yard for the fishing bauks off Cape San Bias,

purposing to investigate the character of the bottom, the marine fauna,

and the methods of taking the red snapper. A resident fisherman was

engaged for the trip. While steaming out of the harbor, near Fort Pick-

ens, we found the three-masted schooner Fanny Whitmore, of Rockland,

Me., on shore in a dangerous position, with signals of distress flying.

We went to her assistance, got her afloat, and proceeded on our course.

At 8.11 a. m. on the 7th we sounded in 27 fathoms, gray and black

sand and broken shells, about latitude 29° 15' K, longitude S5° 32' W.,

put over the fishing lines, and took 117 red snappers, the largest weigh-

ing 27J pounds, 4 groupers, 3 gags, and 32 porgies. All the fish taken

were examined externally and internally for parasites, and the contents

of their stomachs were noted. Many of the fish were females with par-

tially developed roe, none being ripe.

Having taken as many fish as desirable, we commenced an investiga-

tion of the character of the bottom with tangles and trawl. Eight hauls
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were made during the day with very satisfactory results. The chart

gives the bottom as gray sand and broken shells, but the trawl devel-

oped the fact that where hsh were found live coral, sponges, &c, were
very abundant, and living among them were vast numbers of shell-fish,

crabs, annelids, and various minute forms which furnish unlimited food

supplies to the fish.

We continued work until dark, then started for Pensacola, arriving at

11.10 a. m. the following day. Preparations were made for sea on the

9th, and at 4 p. m. on the 10th we left for New Orleans, intending to

investigate a reported bank en route. All sail was made after leaving

the channel. At 12.35 the next morning we sounded in 43 fathoms,

coarse gray sand, latitude 29° 27' N., longitude 87° 44' W., and ran a

line SSW. to latitude 28° 54' N., longitude SS° 02' W., in G9S fathoms,

sounding every five miles. We then ran lines in various directions both

east and west of the position given without developing anything that

would lead us to expect the existence of a bank in that locality ; in fact

our soundings corresponded closely with those on the Coast Survey

chart. Three hauls were made with the trawl in from 68 to 324 fathoms,

in about latitude 29° 10' K"., longitude 88° 15' W., with excellent results
;

many specimens were obtained which we were unable to identify, and

others exceedingly rare. The last haul was made a little after dark,

and another line of soundings run which occupied the time until 9 p. m.,

when we started for Pass a Loutre light, in order to verify our position,

making it at 11.50 p. in.; then stood for South Pass, making it at

1 a. m. It was blowing a moderate gale from SE. at the time and soon

shut in very thick, so that we did not succeed in passing inside the jot-

ties until 11.40 a. m. Forts Jackson and Saint Philip were passed at

3.45 p. m., and at 8.45 we anchored below Poverty Point for the night,-

the weather being too thick to run with safety. We were under way
again at 5.25 a. m. on the 13th, and anchored off Algiers at 9.45. I then

took the pilot with me as a guide and called on the chief harbor-master,

who assigned us a berth at a wharf where we would not be molested by

vessels coming alongside. Returning to the ship, we got under way
again at 3.15 p. m. and reached the berth assigned us at 1.55 p. m.

I telegraphed Mr. Earll at once and met him the following morning,

when the subject of placing the vessel ou exhibition was discussed.

We visited the grounds, examined the wharf, and attempted to see

Major Burke, the director-general; but failing in this, the following

letter was written

:

[United States Commission of Fisli and Fisheries, steamer Albatross, wharf loot of
Terpsichore street.]

New Orleans. La., February 14, 1885.

Maj. E. A. Burke,
235 Camp tilrect, (JUij.

Dear Sir: I Lave the honor to inform you that the United States

Fish Commission steamer Albatross, under ray command, is in port, and
by direction of Prof. Spencer F. Hand, U. S. Commissioner of Fish and
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Fisheries, I take this means of placing myself in communication with
you, and beg leave to say that I will place the vessel and her scientific

appliances on exhibition for one week from Wednesday next, as part of
the U. S. Fish Commission exhibit, if you will furnish wharfage. I have
examined your wharf to-day, and would say that from 75 to 100 feet at
either end (the upper preferred) would give this vessel a practicable
berth.

Very respectfully,

Z. L. TANNER,
Lieut.- Commander, IT. S. N., Commanding.

The following letter was received in reply :

[The World's Industrial and Cotton Centennial Exposition, Office of the Director-
General. ]

New Orleans, February 14, 1885.
Captain Tanner,

Commanding Steamer Albatross,

(Care Pirn, Forwood & Co.).

Dear Sir : Thanking you for your kind offer to place your ship and
contents on exhibition, we find that we can give you 75 or more feet of
the lower end of the wharf, though we fear that the six steamers run-
ning constantly between the city and this wharf might subject your
ship to some injury ; of this you must be the judge.

Please command us if you need our assistance in this matter.
Very respectfully,

S. H. BUCK,
Director- General pro tern.

Upon my expressing a preference for a berth at the upper end of the

wharf, as being more out of the way of the steamers which were con-

stantly coming and going, I received the following letter:

[The World's Industrial and Cotton Centennial Exposition, Office of the Director-
General. ]

New Orleans, February 18, 1885.

Z. L. Tanner,
Lieutenant- Commander, commanding F. C. Steamer Albatross,

(Care Pirn, Forwood & Co., New Orleans, La.).

Dear Sir : Your communication of the 14th received. Please accept
thanks of the management, and beg to state that I have instructed
Captain Harrison, wharf-master, to allow you 75 feet at the upper end
of the wharf for your purpose.
When located I shall do myself the pleasure of paying you a visit.

Respectfully,

S. H. BUCK,
Director-General pro tern.

We cleaned and painted ship, and, in fact, did everything we could

in the few days at our command to improve the appearance of the ves-

sel. We dressed ship on the 18th and 19th in honor of the Mardi-Gras

festival. On the morning of the 20th we went to the Exposition wharf,

had everything prepared as for work at sea, and at meridian opened
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the vessel to visitors. A detail of officers and men was on duty during

visiting hours to show them over the vessel, one naturalist, at least,

being in the laboratory.

We remained at the wharf until March 1. Many thousands of peo-

ple from all parts of the country visited and examined the vessel, her

scientific appliances, and such specimens of marine fauna as we could

exhibit, with evident wonder and interest. All were received with

courtesy, and it is worthy of remark that the officers took particular

pleasure in explaining the various appliances in use for deep-sea ex-

ploration, the object of that work, and the operations of the U. S. Fish

Commission in general. The crew also entered into the matter with

commendable spirit, and were of great service. Our visitors almost

invariably expressed great interest in what they saw and appreciation

of the courtesy shown them.

At 9.15 a. in., March 1, we left the Exhibition wharf and steamed down
the river, passing Fort Jackson at 3 p. m. We entered the South Pass

at 4.20 p. m., left the jetties at 5.20, and laid a course to the southward

and eastward for the night. The surface temperature of the water,

which had been 40° in the river, rose to 68° soon after leaving the

jetties.

At 5.30 a. m., March 2, we sounded in 1,407 fathoms, yellow ooze,

latitude 28° 00' 15" X., longitude 87° 42' W., and at 0.27 lowered the

trawl, with wing-nets and mud-bag attached, and veered 2,300 fathoms

on the dredge-rope. It was landed on deck at 10.0G a. m. with several

species of bottom fish, shrimp, sea-anemones, holothurians, ophiurans,

annelids, echinoderms, sponges, &c. The bottom was very slimy, and

the numbers of the various species were much smaller than would have

been found in the same depth in the Atlantic.

Another haul was made in 1,430 fathoms, brown mud, latitude 28°

02' 30" N., longitude 87° 43' 45" W., and a third one in 1,330 fathoms,

light brown mud, latitude 28° 05' K, longitude 87° 5G' 15" W. The
general character of the specimens taken in the last two hauls was

much the same as that of the first. A feature of all the hauls was the

predominance of soft jelly-like forms.

At 5.35 a. m., March 3, we sounded in 1,255 fathoms, gray mud, lati-

tude 2S° 19' 45" N., longitude 88° 01' 30" W., and at 0.09 lowered the

trawl. It was landed on deck at 9.30—being a mere "water haul." It

was lowered again at 10.51 a. m. in 1,181 fathoms, brown and green

mud, latitude 2S° 32' N., longitude 8S° 00' W., and landed on deck at

2.08 p. m. with a heavy load of mud, which yielded considerable fora-

minifera, but little else. Another cast was made at 3.24 in 940 fathoms,

gray and brown mud, latitude 28° 45' K, longitude 88° 15' 30" W. A
heavy load of mud was brought up as before, with several bottom fish,

one of which wo did not recognize. The last haul of the day was made
at 7 p. m. in 730 fathoms, gray mud, latitude 2S° 51' K, longitude 88°
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18' W. The trawl was lauded on deck at 8.45 p. in., and contained a

number of fiue fish, as well as a variety of other specimens, among them
being an enormous isopod, 8i inches in length and about 4 inches

broad—a remarkable specimeu.

At 5.36 a. in., March 4, we cast the trawl iu GO fathoms, blue mud,
latitude 29° 15' N., longitude S8° OG' W., and while heaving in it caught

on some obstruction, probably a coral patch, parting the bridle stops

and rending the net. The trawl-frame and wing-nets were lost. Six

hauls were made during the day between the position given above and
25 fathoms, latitude 29° 32' X., longitude 87° 45' W., and a large num-
ber of shoal-water specimens taken. Fishing lines were put over at

each dredging station; also at six stations when the trawl was not low-

ered, trying for fish, but with no success, although we crossed the inner

edge of what was at one time a favorite fishing ground.

The weather, which had been moderately good since leaving the jet-

ties, changed for the worse during the day, and at night, when we
ceased work, there was a moderate sea from NE. We made Pensaoola

light at 10.50 p. m., and hove to for the night, as we did not wish to enter

before the following morning. At G.58 a. m., March 5, we arrived at

the navy-yard coal wharf, and commenced coaling at 1 p. in. Mr. Silas

Stearns, of Pensacola, visited the ship, aud arraugements were made
with him to go with us to the snapper banks, iu the vicinity of Cape San
Bias.

We finished coaling at 4.50 p. m., March G, having taken on board

117^ tons, and at 5.15 cast off from the wharf and proceeded to sea.

x .48 the following morning we tried for fish in 30 fathoms of water,

ray sand, black specks, and broken shells, latitude 29° 16' 19" N., lon-

;itude S5° 49' 30" W., a single red grouper being the only fish taken.

We made trials in thirty stations during the day, in from 25 to 33 fath-

oms, and succeeded in taking fish in the following:

Latitude N.
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and at daylight we resumed (lie examination of the grounds in the vi-

cinity. Eight stations were occupied, fish being taken at the following:

Latitudo if.
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87° 14' 30" W. The new water-bottle, intended to retain the gases in

water specimens, was tried at 500 fathoms, but the upper valve tailed

to close, and when a slight pressure was subsequently put on it thejoints

were found to leak so badly that it was of no use for the purpose

for which it was designed. We did what we could to repair the fault

when further experiments were made.

At 5.30 a. m., March 14, we cast the trawl in 280 fathoms, gray mud,
latitude 28° 42' K, longitude 80° 36' W., making five hauls during the

day from the above position to latitude 28° 30' K, longitude 85° 33' 30"

W., in 111 fathoms. The general features of the catch were much the

same as on the preceding day, with the addition of shoal-water forms.

A curious parasitic worm, genus Notliria, was found on a holothu-

rian. Several gallons of foraminifera were washed from the contents

of the mud-bag and saved, and during the evening a live paper nau-

tilus (Argonauta argo) was taken in a large surface towing-net and se-

cured in perfect condition.

The submarine electric light was used for surface collecting as usual

when the ship is hove to at night. Trial lines were put over for fish

at the last two stations, but without success.

At 5.30 the following morning the trawl was lowered in 88 fathoms,

latitude 28° 42' 30" N., longitude 85° 29' W. The bottom indicated by
the lead was gray mud, but the trawl brought up a large quantity of

shells, mostly dead. There were also several varieties of fish, shrimp,

and crabs. Four other hauls were made between the above position

and latitude 28° 48' 30" N., longitude 84° 37' W., in 24 fathoms, with

practically the same results, with the addition of sponges, bryozoa,

starfish, cephalopods, worms, &c. Trials were made with hand-lines

at each station before the trawl was lowered, and the remainder of the

day was given up entirely to that work, 15 stations being occupied

between latitude 28° 48' M"., longitude 84° 36' W., and latitude 28° 44'

K, longitude 84° 26' W., in from 27 to 21 fathoms. Although we
crossed a recently-discovered bank, we caught but one red snapper and
six groupers during the day.

The sky was overcast with drizzling rain in the morning, and in the

afternoon there was constant heavy rain, with occasional distant thun-

der. March 16 was also overcast, the sun appearing only at intervals

and for a few moments. It was entirely obscured during the eclipse.

Work was resumed at daylight the next day, and five stations occu-

pied at intervals of five miles without taking any fish. The trawl was

lowered in 21 fathoms, coral and sponge bottom, latitude, 2S° 28' X.,

longitude 84° 25' W.j and brought up several sponges—one being a

sponge of commerce—several sea-urchins, hydroids, one gastropod shell

(Murcx), and a variety of small fish. Ten snappers and one grouper

were taken at this station. The search for fish was continued without

success until the fourth station was reached, in latitude 28° 15' 45" X.,

longitude 84° 02' 35" W., in 21 fathoms, when two snappers and ten

S. Mis. 70 2
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groupers were taken. The next five stations were occupied without

finding fish, and it now being too dark for that work, we steamed to-

ward Tampa Bay, continuing the line of soundings for hydrographic

purposes, filling a blank on the chart, until within the range of Egmont

Key light, where we hove to until daylight.

At- 9.30 a. m., March 17, we anchored in Tampa Bay, and sent the

steam-cutter to town with the mail and for provisions, and the dinghy

with a seining party to the Little Manatee Biver. The fishermen re-

turned before dark, having met with good success. Among the edible

fish taken were sheepshead, mullet, sea-trout, big-eyed herring, crevalle,

and several other species.

March 18 opened clear and pleasant, with a light to moderate breeze

from the northward and westward. We were under way at 5.30 a. in.,

crossed the bar at 8.15, and stood to the southward and westward. A
small boat was seen adrift about 11 a. m. and picked up. It proved to

be a sharpie, with the remnant of a painter hanging over the bow. It

had no oars or rowlocks, but lying on the bottom in the water which

filled it nearly to the thwarts were several large live clams, and a few

conch and clam shells. While taking up the skiff we sounded in 18

fathoms, trying for fish, without success.

At 12.32 p. m., latitude 27° 08' 30" K., longitude 83° 10' 30" W , in

25 fathoms, coarse gray and black sand, we commenced sounding and

trying for fish at intervals of five miles in a S. by W. direction. The

trawl was put over at the second trial (station 2409) and brought up a

quantity of cup sponges (the largest being a foot in diameter), which

were valuable for the annelids and crustaceans they contained. Sev-

eral species of fish were taken, as well as shells, crabs, bryozoa, &c. A
haul of the Chester rake dredge was made at station 2410 with small

results, only a few shells and sponges being taken. Another haul of

the trawl was made at station 2411 , bringing up a heavy load of sponges,

some of them 18 inches in diameter, and filled with worms and crus-

taceans. Several large holothurians were also taken, besides the usual

variety of small forms occurring in this region. It might be called a

sponge bottom. The trawl was lowered again and towed at the rate of

5 knots, just clear of the bottom, for the purpose of catching fish, but

without results. It was after dark, but the net " tired " so much that

it was quite as visible as though it had been broad daylight.

Nine stations were occupied during the day, and fish were taken at

the following

:

Latitude N.
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A trial was made during the evening with a book and line, having a

submarine electric light attached a few fathoms from the end. The

water was illuminated for at least 20 yards in every direction, but we
failed to get a bite.

The vessel was hove to during the night and resumed work at day-

light the following morning in 2C fathoms, latitude 2G° 28' 15" ST., lon-

gitude 83° 11' W. Eighteen stations, at intervals of five miles, were oc-

cupied, three of them, Nos. 2412, 2413, and 2414, being dredging sta-

tions, at which were taken many sponges, some of them very large, a

variety of small fish, Crustacea, and other shoal-water forms found along

these shores.

Fish were taken at the following stations:

Latitude N.
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blowing- ;i moderate gale from NE., with rough sea, and at a. in. the

engines were slowed to half-speed, not only for the purpose of easing

the vessel, but to avoid passing ground on which we wished to try the

trawl. Many flying-fish, a largo school of porpoises, and a couple of

huge sharks were seen during the day. Well-defined brown streaks in

the water were noticed by the officer of the deck during the evening,

which, upon examination, proved to be masses of small medusa?.

The wind and sea moderated during the night, and on the following

morning, April 1, two hauls of the trawl were made: No. 2415 in 440

fathoms, sand, shells, and foraminifera ; and No. 2410 in 270 fathoms,

coral and broken shells. A large quantity of coral was brought up in

the first haul, enough to fill the table-sieve. Although there were many
gorgonians, the bulk was true corals. Sponges, ophiurans, sea-anem-

ones, annelids, living shells, and small Crustacea were found in abund-

ance. There were also a few starfish and several deep-sea fish. A nota-

ble feature of the haul was a portion of a stalked crinoid, which we did

not recognize. There was also a bright-red fish, somewhat resembling

the Norway haddock, which was not recognized, although it may be a

well known species. The second haul brought up a large number of

glass sponges, from which some fine specimens were obtained, a number
of gorgonian corals, small Crustacea, fish, aud a few starfish.

Later in the day we stood inshore, and at p. m. sounded in 80

fathoms, gray sand and broken shells, latitude 31° 54' 45" N., longi-

tude 79° 17' W., and tried the hand-lines, baited with salt mackerel, for

tilefish, but without success. Serial temperatures were taken, and at

0.45 p. m. we steamed ahead on our course to the eastward.

The following day was clear and pleasant, with moderate easterly

winds and smooth sea. We cast the trawl at 12.13 p. in., station 2417,

in 95 fathoms, fine gray sand, but it came up empty. It was lowered

again immediately in 90 fathoms, gray sand, station 2418, and brought

up a few skates and flounders, several flat sea-urchins, crabs, small fish,

starfish, &c. It was our intention to try the hand-lines for tilefish, but

the bottom was so barren that we did not consider it worth while. We
stood on until 5.25 p. m., when we lowered the trawl in 107 fathoms,

fine gray sand and black specks, station 2419. It brought up several

sea-urchins, starfish, small Crustacea, and three species of fish. Trial

lines were put over for tilefish, but none were taken. We hardly ex-

pected to find fish of large size on a bottom so barren, but made the

trial, as we had steamed so far out of our course for the purpose.

At 0.30 p. m. we stood to the eastward, keeping in the Gulf Stream,

and at 10 p. in., April 3, sounded in 2340 fathoms, blue ooze, latitude

30° 30' X., longitude 73° 14' W., and took serial temperatures. At 11.45

p. m. we started ahead, steaming to the westward. The wind, which

was moderate in the morning, increased during the night, the barome-

ter falling steadily. At 2 a. m., April 4, sounding and serial temper-

atures were taken in 1010 fathoms, No. 703, latitude 30° 45' N., lougi-
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tude 73° 28' W., and another at 5.40 a. m., in 1430 fathoms, No. 704,

latitude 30° 57' 30" K, longitude 73° 47' W. A water specimen was

taken at 4,000 fathoms, in a new water-bottle, intended to retain the free

gases in sea-water, and, as far as we could judge, with complete suc-

cess. The specimen was retained in the bottle for transportation to the

Smithsonian Institution.

Wind and sea increased rapidly during the forenoon, making the tem-

perature work exceedingly difficult. Another sounding and serial tem-

peratures were taken at 40.25 a. m. in 1208 fathoms, latitude 37° 04' 08"

N., longitude 74° 40' W., and at 42.25 p. in. the course to the westward

was resumed until 2.30 p. in., when the vessel was hove to under steam,

head to wind, which at the time was blowing a fresh westerly gale, with

rough sea. At G.20 p. m. a sounding was taken with serial tempera-

tures in 33G fathoms, latitude 37° 09' 23" K, longitude 74° 30' 30" W.,

and at 10.40 p. m. the engines were stopped and the vessel allowed to

drift, as we were near our intended working ground.

At G.20 a. m., April 5, we cast the trawl in 404 fathoms, sand, mud,

and gravel, latitude 37° 03' 20" K., longitude 74° 31' 40" W., and took

large numbers of Hunidas, several species of fish, ophiurans, starfish,

&c. After the haul was finished, we made an unsuccessful trial with

hand-lines for tile-fish. Dogfish were plentiful, however, and several

were taken. A change of position brought no better success, dogfish

only being taken. We made the trial in this particular spot from the fact

that it corresponded more nearly with the region otf Martha's Vine-

yard, where tile-fish have been taken, than any other locality on the

Atlantic coast. The fauna is much the same, the character of the bot-

tom is similar, and the temperature of the water corresponds with that

off the New England coast later in the season. This trial, though fail-

ing to show any indications of the presence of these fish, should not be

considered conclusive. They may be migratory in their habits, and as

none were ever taken earlier than August, they may not as yet have

reached that locality; even if they were there it is not at all certain that

they would take a hook so early in the season. The presence of dog-

fish in such large numbers would of itself account to fishermen for their

failure to take other fish.

Having finished the trials above mentioned, we started for Washing-

ton, continuing the line of soundings and serial temperatures to the

Capes, up Chesapeake Bay, and to Piney Point in the Potomac, obser-

vations being made at intervals of 20 miles or less.

This series of temperatures from the middle of the Gulf.Stream to the

coast, taken at this particular season of the year, when so many of the

migratory fishes are making their appearance in our waters, will prove

of great value in the study of the movements of these fish. The ques-

tion of water temperatures must enter largely into the investigation of

this important subject, and, although its influence has to a certain ex-

tent been recognized, it seems probable that it will be given greater

consideration by future investigators.
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A lookout was kept for mackerel and other schooling fish between

the Gulf Stream and the Capes, but none except porpoises were seen.

We passed Cape Henry at G p. m.; Smith's Point, at 1.20 a. m., April

(i, Mount Vernon at meridian, and arrived at the navy-yard at 1.40

p. m.

The late cruise of this vessel was made without accident or loss, ex-

cept a couple of trawls, and one or two deep-sea thermometers. The
vessel has, as usual, inspired confidence in her sea-worthy qualities,

which have frequently been put to the test by boisterous weather en-

countered during nearly every trip. The engines have worked satisfac-

torily, but the boilers have, as usual, been a source of anxiety, although

we have been delayed but little on their account, and repairs have been

made by our own people. The sounding and (hedging apparatus has

worked admirably; so well, in fact, that no improvements have sug-

gested themselves. The new water-bottle designed to retain the free

gases in sea-water will require some modifications to make it thoroughly

reliable.

We remained at the navy-yard engaged in overhauling and refitting

the vessel until May 25 at 10 a. m., when we left for Baltimore, where

we arrived at 8 a. in. the following day. At 1.30 p. m. we began haul-

ing the vessel out on Skinner & Son's marine railway to scrape and

paint her bottom. She was out of water at 3.40 p. m., and the scrapers

commenced work.

There was a noticeable absence of barnacles on the ship's bottom, and

very little grass or other growth which would tend to retard her speed,

a casual inspection leaving the impression that the bottom was in ex-

cellent condition. A critical examination revealed the fact, however,

that serious oxidation had taken place on several parts of the sub-

merged surface, particularly wherever the dredge-rope had come in con-

tact with it, where the paint had been scraped off by ice, and on the

exposed surfaces of the propeller shafts.

The vessel was last docked at the Norfolk navy-yard, July 14, 1884,

about ten and one-half months since, and went immediately on her sum-

mer's cruise, when she was at sea most of the time. The steel-wire

dredge-rope was in constant use until October 23, when she entered the

fresh waters of the Potomac, where she remained for two months, long

enough to kill the barnacles and other marine growths that might have

formed during the cruise. We left Washington on December 24, 1884,

and were obliged to force our way through from 21 to 3 inches of ice in

the Eastern P>ranch, and encountered more or less of it in the Potomac,

scraping the paint off the bottom from the water-line to 3 or 4 feet be-

below it, leaving the surface of the metal entirely exposed.

Leaving the Capes of the Chesapeake on the 3d of Jauuary, 1885, we
went to the Gulf of Mexico and Western Caribbean Sea, where we spent

almost a month, nearly half of the time At anchor. We had an oppor-

tunity in the mean time of renewing the paint on the water-line and
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about 18 inches below it, but there was still left a belt of 2 feet or more
in width entirely exposed to the corroding influence of sea-water.

The vessel then spent two weeks in the Mississippi River, thus for a

second time removing the barnacles, grass, &c, from the bottom. Leav-

ing the Mississippi, she was about six weeks in the waters of the Gulf
and Atlantic, when she again reached the Potomac, where she remained

for seven weeks, removing all marine growths from the bottom for a

third time since docking.

Had the paint remained unbroken on the wetted surface, the condi-

tion of the bottom would have been remarkably good ; but unfortunately

there was quite a large surface almost entirely devoid of paint, on which

oxidation was taking place very rapidly, notably so on surfaces which

have been in -contact with the dredge-rope. Contact of the sounding-

wire with the ship's bottom produced results hardly to be contemplated

from a surface so minute. In fact, the contact of these hardened steel

surfaces with the softer metal of the ship's bottom not only removed
the paint, but actually abraded the surface to a small extent, leaving it

in the most favorable condition for rapid corrosion.

The excessive oxidation on the exposed surfaces of the propeller

shafts is doubtless due to the friction incident to their rapid revolution

iu addition to the ordinary friction of progression, to which other por-

tions of the submerged body are subject, all combining to wear quickly

the paint from their surfaces, leaving them exposed to the corroding in-

fluence of salt water.

In view of the peculiar character of the work in which the vessel is

engaged, I consider it absolutely essential to scrape and paint her bot-

tom twice a year.

We were delayed by rainy weather, and did not finish painting until

Friday, May 29. A priming coat of red lead was put on, and a coal of

white zinc (one-tenth red lead) put on over it. The ship was put into

the water at 10 a. m. on the 30th, and left for Norfolk at 2 p. m., arriv-

ing at the navy-yard at 8 a. m. the following morning. We forwarded

requisitions for coal from Baltimore, and on our arrival found a portion

of it on the wharf ready for us. We commenced taking it on board at

8 a. m. on Monday, June 1, and finished at 7 p. m. the same day, having

taken 134 2A^ tons. This is a fact worthy of notice, considering that it

was shoveled from the wharf into baskets, passed on board over the

rail, put into the bunkers, and stowed by our own small crew.

Mr. James E. Benedict arrived on the morning of June 2, and at 1

p. m. everything was ready for sea, with the exception of fresh bait,

which we had been unable to procure in Norfolk or the vicinity, not-

withstanding our vigorous efforts in that direction. Our only remain-

ing resource being the fishermen of the Chesapeake, or the fisli fac-

tories on its shores, we left the navy-yard at 1.20 p. m. and at 4 p. m.

anchored off Back River, and sent the steam-cutter in for menhaden,

but they had none at the factory and had seen none for several days.
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On her way out, however, a sloop was boarded which had made a haul

during the day, and 2,500 menhaden in flue condition were procured

from her. They were iced as soon as we received them on board. The

boat returned at G p. m., and at 6.15 we got under way and proceeded

to sea. The weather was clear and pleasant, with a smooth sea.

Two trawl-lines were baited during the night and preparations made
for prosecuting our investigations in the morning, and at 5.53 a. m.,

June 3, we lowered the trawl in latitude 37° 07' N., longitude 74° 34'

30" W., in 04 fathoms, flue gray sand and pebbles, bottom temperature

54°. It came up at 0.33 a. m. with large numbers of Munidas, many
crabs, hermit-crabs, starfish, and several small fish, among them four

pole flounders. It was emphatically a "live bottom," where tile-fish

should be found, if they inhabit this region. As soon as the trawl was

landed on deck, and the favorable nature of its contents observed, the

trawl line, having 1,000 baited hooks, was set on the same ground over

which the trawl had passed, the weather buoy being planted in 61

fathoms, coarse gray sand and pebbles, latitude 37° 08' N., longitude 74°

34' 45" W., bottom temperature 54°. The line was taken up at 9.25 a.

m. without a single fish, and, what was more remarkable, none of the

baits had been touched. Even the hake, skate, and dogfish seemed to

have abandoned the ground. It will be remembered that on April 5

this locality was swarming with dogfish, which took the hooks as fast

as they could be put over.

We stood off shore a little to deepen the water, and put the beam-

trawl over again at 9.55 a. m. in 82 fathoms, the same character of bot-

tom, latitude 37° 08' 30" N., longitude 74° 33' 30" "VV., and the catch was

practically the same, with the addition of four small spotted sharks.

The trawl-line was set again as soon as the beam-trawl was up iu 75

fathoms, same character of bottom, and the bottom temperature 52.5°,

agreeing very nearly with the so-called tile-fish ground off Martha's

Vineyard. There were no fish of any kind taken on this set, but the

baits were nearly all gone, having been eaten probably by crabs.

Another haul of the beam-trawl wras made at 3.04 p. m. in 143 fathoms,

green mud and fine sand, latitude 37° 10' 15" N., longitude 74° 32' W.,

bottom temperature 51.5°. Large numbers of Munidas, crabs, worm-

tubes, hermit-crabs, pole-flounders, corals, sea-anemones, &c, were

taken, marking the locality as an excellent feeding ground for fish.

We trawled inshore to 103 fathoms, green mud, sand, and black specks,

latitude 37° 11' 30" 1ST., longitude 74° 32' 30" W., when we commenced
laying out the trawl line again, standing iu the direction of the position

given for the last trawling station and in fact covering practically the

same ground. Four hake were caught on the line during this set, the

baits being nearly all taken as before.

Two large sharks were taken with a hook during the day; one of

them measured 10 feet 4 inches in length, and weighed 400 pounds.

They were both preserved, one skinued and the hide salted, and the

other placed on ice.
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Just at dusk we sent a boat for what we supposed was a huge turtle

asleep on the water, hut it turned out to he a large suufish, which the

men succeeded in striking, hut the iron drew out and the fish sunk.

We steamed slowly to the southward during the night, and at 4.37

a. m. the following day cast the trawl in 85 fathoms, black mud, bottom

temperature 52.5°, latitude 36° 41' 37" N., longitude 74° 42' 15" W.
A variety of crustaceans were brought up, also a few minor forms of

mollusca, fish, &c; but a marked decrease in numbers and variety was

observable as we went to the southward.

At 5.15 the trawl line was set between 135 and 100 fathoms, black

mud, the weather buoy being in latitude 30° 43' N., longitude 74° 41'

W., bottom temperature 48.8°. No fish of any kind were taken on the

line, although the baits were many of them gone.

An unsuccessful trial was made with hand-lines in 78 fathoms, lati-

tude 30° 43' K, longitude 74° 42' 20" W., after which we ran to the

southward until 11.49 a. m., when we set the trawl line in 119 fathoms,

green mud and fine sand, bottom temperature 51.5°, latitude 3G° 20'

24" N., longitude 74° 40' 30" W. As soon as the fishing party was

clear of the ship we put the trawl over, taking a large number of crabs,

a few Munidas and a variety of other crustaceans, a few sponges, hy-

droids, echinoderms, annelids, mollusca, and four common species of

fish. Judging from the fauna captured it would be considered good

feeding ground for many species of fish, yet the trawlers returned with

only half a dozen hake and one large skate. As the ground here prom-

ised nothing we changed our location again and at 4.49 p. m. set the

trawl line in 93 fathoms, coarse gray sand, black specks, and broken

shells, bottom temperature 52°, latitude 30° 01' 30" K, longitude 74°

47' 30" W. As soon as the trawlers were away the beam-trawl was put

over at the same station, taking large numbers of crabs, a few shrimp,

eight specimens of Octopus Bairdii, several starfish, and four common
species o*f fish. There were no fish taken on the trawl line, although

most of the baits were gone from the hooks.

Three porpoises were taken with the harpoon during the day. Two
of them were placed on ice and the skin of the other salted. Three

blackfish with large rectangular white spots on their bodies were seen

about the ship for a few minutes, but left before any attempt could be

made to capture one. They were all marked alike, and as well as I can

recollect had four spots each, although I may be mistaken in the num-

ber. This peculiar marking may be common, but I never before saw

anything of the kind myself. The large surface tow-net was dragged

for two hours or more during the evening with very satisfactory results

;

many minute forms, including several species of small fish, were taken,

also one perfect specimen of Argonauta argo alive and in its shell.

The tow-net referred to has a ring four feet in diameter, the net itself

being about 10 feet in length, made of strong netting and lined with

cheese-cloth for 2 feet or more from the tail. Towing this net at the
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rate of 3 knots or more au hour, either partially or wholly submerged,

as occasion requires, we secure many specimens that would elude the

ordinary surface towing-net and are too minute to be captured in the

trawl. We have seen no birds thus far except petrels, which have been

quite numerous about the ship. We heard the cries of a sea-bird at

night, but did not see the bird itself.

Having finished the surface towiug referred to, wo steamed to the

southward slowly to change our ground, and at G.27 a. m. the following

day, June 5, set the trawl line in 09 fathoms, black mud, surface tem-

perature 74°, bottom 54°, latitude 35° 27' 15" N., longitude 74° 47' 30"

W., on the northern verge of the Gulf Stream, meeting with the usual

results, although a large proportion of the baits were gone. A school of

porpoises passed the vessel during the morning, having among them a

large number with their bodies thickly dotted with white spots. They
were reported to me as "spotted porpoises." They are certainly not

common on the Atlantic coast ; in fact I do not recollect ever having

seen any before. Every effort was made to capture one, but they kept

out of reach of the harpoon. We lowered a boat and sent it out among
the school, but they gave it a wide berth. We tried also to shoot one

with heavy rifles, but tailed again, much to our surprise, for we have
some excellent shots on board.

A curious accident happened while laying out the trawl line, which

might have resulted in the loss of a portion of our gear. After plant-

ing the weather buoy they proceeded to pay out the line and plant the

lee buoy in the usual manner, but when they attempted to find the

weather one it was nowhere to be seen, neither could we see it from the

vessel, so we concluded it had sunk. On taking up the lee one, how-

ever, we found the trawl line had parted while being laid out, and the

boat had drifted out of sight of the weather buoy. Calling the boat

alongside we hoisted it on board, and the vessel steamed SSYV. 3 miles,

where we found the other buoy and recovered it Avith the anchor and
line attached.

The wind, which was light during the morning, increased rapidly,

getting up an uncomfortable sea, too heavy for boat work, so we were
obliged to resort to hand-lines. An unsuccessful trial was made at 2.11

p. m., in 50 fathoms, fine gray and black sand, broken shells, surface

temperature 76°, bottom 63°, latitude 35° 12' 15" N"., longitude 75° 05'

W. Another trial at 2.3G p. m. in 72 fathoms, coarse gray sand, broken

shells, surface temperature 70°, bottom G0°, latitude 35° 12' 30" K,
longitude 75° 03' 30" W., resulted in taking one sea-bass. The next

trial at 2.4G p. in., in G8 fathoms, coral, temperatures the same, latitude

35° 12' 45" N., longitude 75° 02' W., was more successful
; two sea-bass,

two large red groupers, and two specimens of Gaulolatilus chrysops Gill,

were taken, the latter being more nearly related to the tile-fish than

anything we have seen during the trip. Specimens of each species were
"preserved for examination.
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An unsuccessful attempt was made at 4.03 p. m. in 123 fathoms, gray

sand, black specks, and broken shells, surface temperature 70°, bottom
GOo, latitude 35° 13' N., longitude 75° 01' W. ; and still another at G.42

p. m. in 52 fathoms, coarse gray sand and broken shells, surface tem-

perature 75°, bottom G5°, latitude 35° 11' X., longitude 75° 01/ W. We
then stood inshore and sighted Hatteras light, keeping it in sight un-

til 3 a. m. on the Gth, when we stood offshore again, and at 5.38 a. m.

tried the hand-lines in GG fathoms, fine gray sand, black specks, surface

temperature 75°, bottom 58°, latitude 31° 58' X., longitude 75° 12' W.,

but found no indications of fish. Another unsuccessful trial was made
at G.15 a. m. in 54 fathoms, same character of bottom and the same
surface temperature, the bottom temperature being Gl°, latitude 34° 59'

N., longitude 75° 13' W. The wind was blowing strong from the north-

ward at this time, with a heavy swell, making it impracticable to carry

ou the work satisfactorily, and as we had almost reached the. limit of

time set apart for this cruise, the vessel was headed for the Chesapeake.

The information gained, although negative as far as the main object

of the cruise was concerned, is valuable as demonstrating the total ab-

sence of tile-fish in the region examined. We procured valuable speci-

mens of various kinds, which were sent to the Smithsonian Institution

for examination.

We arrived at the navy-yard, Washington, I). C, at 3.55 p. m. on

June 7, without incident worthy of remark, and moored to the coal

wharf.

We remained at the navy-yard making preparations for the summer
cruise until noon of June 13, when we sailed for the Newfoundland
Banks, via Newport, E. I., under the following orders:

U. S. Commission of Fish and Fisheries,
Washington, D. C, June 8, 1885.

Lieutenant Commander Z. L. Tanner,
Ocmvmanding steamer Albatross, Navy-Yard, Washington.

Sir: As soon as you have completed any necessary repairs, and have
taken coal and other supplies on board, which 1 understand will proba-
bly be on Saturday, June 13, you will proceed to Newport for the pur-
pose of taking on board the torpedo apparatus which the Chief of
Ordnance has promised to have ready for yon. You will also receive
there, as scientific members of the corps, Capt. J. W. Collins, Mr. San-
derson Smith, and Mr. Willard Nye, jr., and extend to them such cour-
tesies as may be in your power. Their mess account will be charged
to, and be paid by, the Commission.
As soon as you are ready, you will leave Newport for a survey of the

fishing banks to the eastward, if possible extending your researches to

the Grand Banks. You will visit as many of the known fishing banks
as practicable in the period of your cruise, and will take the usual
soundings, dredgiugs, trawlings, temperature records, &c., in sufficient

quantity to determine the physical and biological condition of the
grounds. It may be better to proceed to the most distant locality first,

so as to make sure of satisfactory investigation. Those nearest to the
United States can be left for the last, or for a subsequent exploration.
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You will oblige me by conferring with Captain Collins in regard to

the points to be visited, and accept bis suggestions as far as you may
consider proper.

I am desirous of obtaining as nearly as I can the contour lines, as well

as the outlines, of the fishing banks, and the maximum depths of water
between them, so as to furnish the data for a relief model of the fishery

sea bottom. Should there be any suggestions of available localities for

fishing not yet examined, it will be well to investigate these as far as
convenient.
The determination of the depths off the slopes of the banks will be of

interest both in a scientific and practical point of view.
You will obtain at Newport and carry with you a sufficient supply of

bait to use the trawl line to a convenient extent, purchasing such quan-
tity of ice as may be necessary to keep it in the best condition.

As stated, the period of time for this survey is left to your discretion
;

it may occupy a month if you think proper. You will take in your sup-
plies of coal at the most convenient points. It is suggested that three
or four hauls of the trawl be made on the slope between the banks and
the Gulf Stream, somewhere between hauls 2,070 and 2,084.

Respectfully yours,
SPENCER F. BAIRD,

Commissioner.

P. S.—I am in receipt of a letter from the Bureau of Navigation ask-

ing that if not interfering with the work of the Fish Commission, the
commander of the Albatross be instructed to make an examination of

Hope Bank and Watson's Rock. You will do what you can to carry out
this request so far as it may be done without seriously interfering with
the program above indicated.

S. F. B.

We arrived at Newport at 9.50 p. m. on the 15th, and spent the fol-

lowing day adjusting compasses in Narragansett Bay. On the 17th we
took on board 42^4^- tons of coal, two Cape Ann dories with fittings,

and a number of torpedoes from the torpedo station. These torpedoes

were taken on board for the purpose of experimenting on the banks as

to the effect the explosion would have on marine life. At 3.50 p. m. we
got under way and proceeded to sea. Numerous menhaden steamers

and mackerel schooners were seen between Beaver Tail, Block Island,

and No Man's Land. Several schools of small mackerel were observed

the following day south of George's Bank.
On the morning of the 10th we commenced a line of soundings to the

westward of Hope Bank, and continued it over and to the eastward of

its position as given on H. O. chart 21«, finding from 1,915 to 2,095

fathoms, demonstrating beyond doubt that no bank exists in that im-

mediate locality.

We then stood in the direction of Watson's Rock, sounding at inter-

vals, and when we were in the vicinity of the reported danger sounded

every few miles, finding depths between 2,803 and 3,103 fathoms. The
depth found at the position of the rock as given on the chart was 2,882

fathoms. As the weather was clear during this time and the observa-
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tions reliable, it was proved beyond all question that there is no such

danger in that locality.

Leaving the reported position of Watson's Rock, we stood for the

southern end of the Newfoundland Banks, taking soundings at intervals,

and on the morning of the 23d, a few miles to the southward of the

banks, we found 1,070, 523, 820, 970, and 471 fathoms, respectively, thus

developing a ridge. The trawl was put over at each of these soundings,

but failed to reach the bottom on account of the water unexpectedly

deepening. Eleven hauls of the trawl were made during the 23d, the

principal results being numerous specimens of Opkioglypha, Pentacta,

and Bryozoa. Haul No. 2434 contained several specimens of the Nor-

way haddock and 20 pole-flounders, their aggregate weight reaching

100 pounds.

We then stood to the northward and eastward with the intention of

examining the slough in the Grand Banks, reported* by the schooner

Augusta H. Johnson, of Gloucester, Mass., and also to verify the exist-

ence or non-existence of the Nile Bocks, reported as a little north of

the slough above-mentioned. Arriving in the supposed vicinity of Nile

Rocks on the morning of the 24th, we took a number of hauls with the

trawl, but a dense fog prevailed, making it impossible to ascertain the

ship's position with sufficient accuracy for hydrographic purposes. A
strong wind then springing up, followed by a heavy bank swell, obliged

us to cease trawling, and being unable to afford the time to wait for

clear weather, we stood to the northward under low speed, and at day-

light on the 25th began trawling again.

Ten hauls were made during the day, the results being mainly numer-

ous sea-urchins, sand-dollars, starfish, hermit-crabs, and dead shells.

We communicated with two fishing schooners during the day—the

Garland, of St. John's, Newfoundland, and the Keewatim, of Lock-

port, Nova Scotia, both reporting good fishing. In the afternoon we
sounded and trawled over the position assigned to Jesse Ryder Rock,

H. O. chart 21a. We found 40 fathoms, which corresponded with the

depth marked for the vicinity on the chart, and dragged the trawl over

the reported position. The weather being clear and the observations

reliable, we do not hesitate to say that there is nothing of the kind

existing in that locality. Fishermen who had their trawl lines laid

around the position said they knew nothing of such a rock. Five

hauls of the trawl were made the following morning, June 20, the re-

sults obtained being about the same as on the previous day. At 8.40

a. m., August Peterssen, seaman, fell overboard while taking in the

trawl, and was drowned; the ship was stopped, a life-buoy thrown

within a few feet of him, and the dinghy and whale-boat lowered,

the former reaching the spot in less than two minutes from the time he

fell overboard, but being unable to swim, he sunk before it reached him.

* See F. C. Bulletin, 1865, p. 291.
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At 1 p. in. we started for St. John's, Newfoundland, arriving there at

C.20 the same evening. Several icebergs Avere passed outside the har-

bor, a few of which were photographed. A boat was sent ashore with

an officer to call on the American consul, who returned with the boat

and paid an official visit to the ship.

Several Norway haddock taken in haul No. 2434, on June 23, con-

tained large numbers of young about three-eighths of an inch in length.

Unsuccessful attempts were made to catch cod with the menhaden
bait procured in Newport, E. I. The Grand Banks fishermen use cape-

lin at this season of the year, followed by squid a month later. A few

of the former were procured from the Keewatim on June 25, and the

results were all that could be desired.

During the 29th and 30th we coaled ship, taking on board 100 tons of

anthracite. On July 1 we procured two barrels of capelin bait, and at

5.35 a. m., July 2, got under way and steamed out of St. John's, New-
foundland, in a dense fog.

But four hauls were made during the day, the results obtained being

numerous starfish, hermit-crabs, and shells. A line of soundings and
dredgings was run along the deeper waters between the Grand Banks
and the Newfoundland coast. It was continued across Green Bank,
the southern end of St. Peter's Bank, and the gully between St. Peter's

and the southern end of Banquereau. An extended examination at the

east end of the latter bank was made for coral, but we were able to

procure only a few small fragments with the apparatus we had on board.

The line was then carried the whole length of Misaine Bank, across the

gully between the latter and the west end of Banquereau, thence across

the Middle Ground, the Northwest Prong, and then to Halifax, Nova
Scotia, where we arrived at 4 p. in., July 8. We encountered dense fogs

during the entire trip, with the exception of a few hours' sunshine on
two or three occasions.

Trials were made for god on the various banks. None were taken on

Green Bank, but they were caught plentifully on the south end of St.

Peter's, east end of Banquereau, along the entire length of Misaine, the

west end of Banquereau, the Middle Ground, and on the Northwest
Prong. Capelin bait was used.

On July 3 nine hauls were made, with results about the same as on

the 2d. Nine hauls were also made on the 4th, one containing 19 pole-

tlounders. During the day 11 specimens of Goode's cup-coral, 1 large

and 30 or 40 small Macrurus Bairdii were obtained. On the 5th twelve

hauls were made, with results about the same as on the two previous

days. We tried hand-lines in the evening, using capelin bait, taking

33 cod and 4 flounders. On the 0th we made ten hauls, containing nu-

merous sea-urchins, hermit-crabs, sea-anemones, starfish, and shells.

Twenty-six cod were caught with hand-lines during the day, capelin

bait being used, as before. Six hauls were made on the 7th, with prac-

tically the same results, with the addition of several shrimp. Two 8-
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pound torpedoes were exploded during the forenoon on the Middle

Ground. Tbe first explosion resulted in floating to the surface 1 cod

and 1 haddock; the second, 1 haddock only. These results show that

the explosion sends nothing to the surface except fish with large swim-

ming bladders, and that ilat-fish, squid, and other marine forms with

small bladders remain on the bottom if killed.

During the forenoon of the 8th four hauls were made, containing nu-

merous starfish, sea-anemones, sea-urchins, and shells, and in one 15

Norway haddock, G flounders, 1 goose-fish, and a number of sponges.

An officer was sent ashore to visit the United States consul general,

M. H. Phelan, immediately upon our arrival at Halifax. Arrangements

for coaling were completed on the 9th, and 50 tons of anthracite coal

were taken on board on the 10th, at a cost of $0 per ton delivered on the

rail, the vessel being at the wharf.

We left Halifax at 8 a. m. on July 11, and at 10.51 a. m. put the dredge

over in 08 fathoms on Sambro Ledge. The lead indicated a bottom of

black mud and broken shells, but the dredge encountered a rocky bot-

tom, in which it became entangled and was lost, with about SO fathoms

of rope. But four hauls were made during the remainder of the day,

two with the dredge and two with the small beam-trawl. The dredge

contained a few worms and dead shells. The trawl brought up numer-

ous specimens of ScMzaster fragilis, sea-anemoues, shrimp, shells, ten

Norway haddock, and four hake.

The following day eight hauls were made, seven with the dredge and

one with the small beam-trawl. At 5.35 a. m. the dredge was lowered,

remaining on the bottom but five minutes, when, the bridle parting, it

was lost. The results of the day were mainly small quantities of starfish,

sea-anemones, shells, and worms. At 12.15 p. m. one 10-pouud torpedo

was exploded in about 00 fathoms of water, but no fish floated to the

surface. During the 13th five hauls were made, one at 0.20 p. in., which

contained several pole-flounders, a rare species of sea-anemone, a few

sprays of gold-banded coral, and a large quantity of Primnoa. At 1.30

p. in. we lowered the dories and engaged in dragging for coral with

grapnels. The boats returned at 4.30 p. m. with a few small sprays.

Numerous schools of finback whales, swordfish, and porpoises were

passed continually during the day feeding in the strong current between

George's and Brown's Banks.

On the 14th there were but four hauls taken, containing numerous

holothurians, ophiurans, shells, and a few pole-flounders. At 11.30 a.

m., on reaching the surface, the net of the large beam-trawl began part-

ing from the frame, occasioned by the heavy weight of mud and stones

with which it was loaded. It was finally secured and hoisted on board

without loss. Several schools of finback whales were seen during the

day.

Three hauls of the large beam-trawl were made on the 15th in 828,

1,234, and 1,149 fathoms, respectively, with about the same results as
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on the previous day. At 3.45 p. m. the experimental water-bottle was
lowered to 500 fathoms and a water specimen procured for analysis.

We started for Wood's IIoll, Mass., at 4.30 p. in., and arrived at 12.45

p. m. on July 10.

The details of the scientilic explorations during the cruise are left to

the various specialists ; this report aiming simply to record the move-
ments of the vessel, and general mention of the work performed.

We were detained until August G, making necessary repairs to ma-

chinery, coaling ship, &c. At G.25 p. m. on that day we left port with

the intention of visiting the grounds where tile-fish were formerly found,

and to secure, if possible, specimens of that fish, having obtained a

quantity of fresh menhaden bait for the purpose. Messrs. W. Libbey,

jr., Sanderson Smith, and L. A. Lee came on board as naturalists for

the trip, in addition to Mr. James E. Benedict, resident naturalist, and
Mr. Thomas Lee, assistant.

The weather was clear and pleasant during the night with light south-

erly breeze and smooth sea. We arrived on the ground at daylight the

following morning and cast the trawl in order to find a favorable " live"

bottom. At 8.30 the trawl lines were set in 133 fathoms, green mud
and sand, latitude 39° 59' 45" 23T., longitude 70° 53' W. ; 49 hake, 7

whiting, and 5 skate were taken, but no tile-fish. The lines were set

again at 3 p. m. in 129 fathoms, sand and broken shells, latitude 40°

00' 15" N., longitude 70° 42' 20" W. ; 34 hake, 9 whiting, and 1 haddock

were taken, but, as before, no tile-fish. Eight hauls of the beam-trawl

were made during the 7th, near where the trawl lines were set, the re-

sults being mainly large numbers of sea-anemones, sea-pens, starfish,

shells, and fish. There was a noticeable absence of specimens which

were found abundantly in the same locality during the summers of 1880

and 1881. The large surface tow-net was successfully used during the

evening and several squid were taken with the aid of the electric light.

A porpoise was caught, the brain taken out and preserved, and the re-

mainder thrown overboard.

At 6.15 on the morning of the 8th the trawl lines were set in 131,

fathoms, green sand, black specks, latitude 40° 01' 45" X., longitude

70° 24' W. Thirty-seven hake, G whiting, 2 skate, and 5 Sebastes were

taken, but no tile-fish. A brisk easterly breeze and heavy swell pre-

vented our resetting the trawl lines, and the day was passed in dredg-

ing. Six hauls of the trawl were made in from 130 to 570 fathoms.

The results of the day's work were numerous starfish, sea-pens, shells,

a few shrimp and sponges, 8 large spider-crabs, and a quantity of Acan-

ella. Several cephalopods (Alloposus mollis) were seen on the surface,

two of which were captured, one being quite perfect. A few porpoises,

one shark, and occasionally a petrel were the only life seen during

the day.

The easterly wind continued during the night, making the sea too

rough the following morning to set the trawl lines. Five hauls of the
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trawl were made during the day in from 445 to 1,081 fathoms. Numer-

ous starfish, brittle-stars, crabs, shrimp, shells, and a small quantity of

Acanella were the results. During the second haul the trawl buried,

parting the rope at 1,510 fathoms. The trawl with everything attached

was lost. The rope parted at the engine, an unusual occurrence, the

kinks in the working end usually insuring its parting near the trawl,

thus resulting in the loss of but little rope. A set of serial tempera-

tures to 300 fathoms was taken in the evening; the large surface tow-

net used with excellent results, and the submarine electric light was

brought into requisition to aid in the capture of squid.

At 6 a. m. on the 10th, the wind and sea having moderated, the trawl

lines were set in 136 fathoms, green mud and sand, latitude 39° 53' IS".,

longitude 71° 32' W. Twelve hake and 6 skate were taken. The lines

were again set at 1.05 p. m in 120 fathoms, brown mud and sand, lati-

tude 39o 48' TS., longitude 71° 48' 30" W. Six hake, 1 goose-fish, and
4 skate were taken, but no tile-fish. Seven hauls of the trawl were

made during the day in from 143 to 500 fathoms, numerous starfish,

shrimp, and shells being taken. A set of serial temperatures was taken

in the evening to 300 fathoms. The surface tow-net and the submarine

electric light were used with good results. An enormous school of por-

poises passed near the ship during the evening, and a couple of dolphins

were seen swimming about at intervals through the day. As our bait

was exhausted we stood into deeper water, and at 5.50 a. m. on the

morning of the 11th cast the trawl in 1,434 fathoms, gray ooze, latitude

39° 15' 30" N., longitude 71° 25' W. Three hauls were made during

the day in about the same locality, the results being numerous starfish,

shrimp, shells, and a great quantity of Benthodytes. A fine dolphin

was caught with hook and line, and an unsuccessful attempt made
to strike a porpoise. In the evening a set of serial temperatures was
taken to 1,000 fathoms. The second haul brought up a quantity of dia-

tomaceous earth, nearly white in color.

At 9 p. m. we started for Wood's Holl. and on the morning of the

12th stopped on Cox's Ledge and tried for codfish without success.

At 4.10 p. m. we arrived and moored to the Fish Commission wharf.

We reeled 1,500 fathoms of new dredge-rope on the drum, making
the total length of the rope 4,610 fathoms. At 6.50 a. m. on the 17th

we commenced to coal, taking on board 53 tons. We remained in port

taking in laboratory stores, fitting trawl nets, and making general re-

pairs until 1.10 p. m. on August 27, when we cast off from the Fish Com-
mission wharf and stood out to sea. The weather was clear and pleas-

ant, with a light NW. breeze. At 12.19 p. m. on the 2Sth we sounded

in 2,069 fathoms, latitude 38° 19' 20" N., longitude 69° 02' 30" W., and
put over the large beam-trawl. It came up comparatively empty, con-

taining only shrimp and small fish, it probably having skipped along

the bottom, touching only now and then, owing to the current of the

Gulf Stream. Serial temperatures were taken in the evening to 1,000

S. Mis. 70 3
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fathoms, and the large surface tow-net was used with good results.

The submarine electric light was also used, quite a number of flying

squid being captured.

A gull and a swallow were the only birds seen, even the petrels hav-

ing disappeared for the day. The officer of the deck reported a large

fish on the surface early in the morning, which he failed to recognize.

According to his report, it had barnacles ou its back, was propelled by

side fins, and seemed to have a pouch under its mouth. This unrecog-

nized fish was undoubtedly a large turtle floating on the surface, not an

unusual sight in the Atlantic.

At 4 a. m. the following day we sounded in 2,620 fathoms, latitude 37°

23' K, longitude 68° 08' W., and put over the large beam-trawl, several

starfish, shells, shrimp, hermit-crabs, and foraminifera being taken.

We took serial temperatures to 1,000 fathoms, and, as on the previous

day, the large surface tow-net and submarine electric light were ad-

vantageously used. Two dolphins (Coryphcena) were caught during the

day, one with a hook and line, the other with the grains.

At G.27 a. m. on the 30th, the large beam-trawl was cast in 2,721 fath-

oms, latitude 37° 45' N., longitude 0Q° 56' W., and while heaving in, the

dredge-rope parted, losing the trawl and its appurtenances, beside 3.030

fathoms of rope. The fracture occurred at a splice where the experi-

mental rope was attached to the standard dredge-rope, the tension being

between 3,500 and 4,000 pounds. It should have stood twice that strain

with safety. The experimental rope referred to was 1,000 fathoms, hav-

ing a lower tensile strength and greater pliability than the standard

rope. It was supposed to be less likely to kink, therefore more reliable

than a rope of higher tensile strength in which kinks cannot be avoided,

particularly near the end. We reeled on 1,500 fathoms of new rope,

this being all we had, and as we were then left with only 3,000 fathoms

on the drum, the remainder of the cruise was necessarily confined to

depths under 2,000 fathoms. The vessel was at once headed to the

northward and eastward to reach the desired locality. The weather re-

mained clear and pleasant during the forenoon with light to moderate

breeze from the southward and eastward, becoming overcast with fre-

quent rain-squalls in the afternoon, falling calm at 8.45p. ni. At9.45p. in.

the wind came out suddenly from northeast, blowing a moderate gale,

which increased to a fresh gale at midnight. It gradually decreased to

a light breeze at meridian on the 31st, and was cloudy and rainy the

whole day. Two hauls of the beam-trawl were made, one in 1,781 fath-

oms, latitude 39° 15' K, longitude 6S° 08' W., and the other in 1,782

fathoms, latitude 39° 26' K, longitude 68° 03' 30" W. Numerous star-

fish, shrimp, hermit-crabs, 15 species of shells, several species of coral,

and a quantity of foraminifera were the results.

On September 1st two hauls were made with the beam-trawl, the first

in 1,813 fathoms latitude 39° 54' ST., longitude 07° 05' 30" W.; the sec-

ond in 1,356 fathoms, latitude 40° 09' 30" N., longitude 67° 09' W. Large



[33] WORK OF STEAMER ALBATROSS, 35-

numbers of grenadiers, starfish, sea-urchins, Acanella, a few small mm
tilus, several shrimp, and a quantity of foraminifera were procured.

Serial temperatures were taken to 1,000 fathoms in the evening, and the

large surface tow-net and submarine electric light used, as usual, with

excellent results. The weather continued overcast and rainy during the

forenoon, but cleared later in the day.

During the morning of the 2d instant the large beam-trawl was put?

over in 1,769 fathoms, latitude 40° 29' N., longitude 66° 04' W., and <m
being landed on deck it was found to be badly torn. A few shrimp, a

lump of red clay, some heavy stones, and a large amount of foraminifer-

ous ooze were found in the net. The small beam-trawl was put over in

the afternoon in 1,742 fathoms, latitude 40° 34' 18" N., longitude 66°

09' W., and a number of starfish, sea-urchins, sponges, and a quantity

of foraminifera were brought up. We took a set of serial temperatures

to 1,000 fathoms in the evening, and the large surface tow-net and sub-

marine electric light were used with good results.

At 7.19 a. m., on the 3d, we put the large beam-trawl over in 1,791

fathoms, latitude 41° 02' 30" K, longitude 65° 08' 15" W. While drag-

ging on the bottom it caught on some obstruction and parted the rope

near the end, the trawl and its appurtenances being lost. The small

beam-trawl was lowered at 1.43 p. m. in 1,710 fathoms, latitude 41° 07'

N., longitude 65° 26' 20" W., and brought up several grenadiers, brittle-

stars, holothurians, one large red shrimp, and a few specimens of coral.

Serial temperatures were then taken to 1,000 fathoms. The large sur-

face tow-net and the electric light were used during the evening. Three

large steamers were seen during the day, two bound to the eastward

and one to the westward. We exchanged colors with one of the former,

a German.

We worked well within the limits of the Gulf Stream after the 28th,

and it is worthy of remark that with the exception of the haul made on
that date, we experienced no easterly current. On the contrary we at

times observed a slight set to the southward and westward. The Stream

was probably affected by the cyclone of the 25th and 26th of August.

Five hauls of the small beam-trawl were made during the afternoon

of September 4, in from 18 to 85 fathoms, along the southern and west-

ern part of George's Bank, numerous starfish, a large quantity of bryo-

zoa, shells, scallops, sand-dollars, shrimp, sea-anemones, sea-urchins,

pole-flounders, and sculpins being the result.

At 10 p. m. we started for Wood's Holl, where we arrived at 9.05

a. m., September 5th, and made fast to the Fish Commission wharf.

The specimens procured during the trip were transferred to the labora-

tory. We coaled ship on the 7th, taking on board 92 2
9
2
°
4
° tons, and were

engaged in overhauling rigging, making trawl-nets, renewing splices on

the dredge-rope, and making general preparations for a trip, until 4

p. m., September 17th, when we cast off from the wharf and proceeded

to sea.
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We were to search for tile-fish in the vicinity of 39° X. latitude, and
72° W. longitude, in from 100 to 600 fathoms, and were provided with

3 barrels of fresh menhaden bait for the purpose.

The weather was clear and pleasant during the night, with moderate

SW. breeze and smooth sea. At 7.10 a. m. on the 18th, we cast the

trawl in 394 fathoms, green mud, latitude 39° 43' K, longitude 71° 34'

W. A fishing party left the ship and set a trawl line in the position

above indicated. Three hauls of the beam -trawl were made during the

day between this position and latitude 39° 50' 45" ~N., longitude 71° 43'

W., in 131 fethoins, green mud and sand, and although the bottom was
tiot particularly rich, many ophiurans, archasters, and worm-tubes were

taken, besides hermit-crabs, Epizoanthus americanus, shells, sea-anemo-

nes, Salpce, and single specimens of Geryon quinquedens, Lophius pisca-

torius, and Octopus Bairdii.

The fishermen returned at noon, having taken but 1 hake, 1 skate,

1 dogfish, 1 whiting, and 3 eels. The trawl line was set again at 2.15

p. m. in 137 fathoms, green mud, latitude 39° 50' N., longitude 71° 43'

W., and taken up at 6.25 p. m., with 26 hake and 6 skate. Chester's

fish-trap was set near the trawl line, taking a single specimen of eel

(Myxine glutinosa). This trap does not differ in principle from the ordi-

nary lobster-pot, except that it is made of wire gauze instead of wood,

and is intended for use in deep water. The large surface net and sub-

marine electric light were used during the evening with fair success.

At 7 a. m., the following morning, the trawl was lowered in 541 fath-

oms, gray mud, latitude 39° 05' 30" X., longitude 72° 23' 20" W. A few

ophiurans, archasters, shells, a large number of deep-sea fish, and a

squid being taken. The trawl line was set at 10 a. m. in 519 fathoms,

green mud, latitude 39° 05' 30" N., longitude 72° 25' 30" W., and was
taken up at 4.20 p. m. with no fish. But few of the baits had been dis-

turbed, although fish of various kinds were plentiful on the bottom, as

indicated by the number taken in the beam -trawl.

Chester's fish-trap was set soon after the fishermen left in the morn-

ing, and was not recovered, the buoy having sunk. At 4.29 p. m. we
cast the trawl in 542 fathoms, gray mud, latitude 39° 08' 30" N., longi-

tude 72° 17' W. The rope parted at 321 fathoms while heaving in, the

trawl and its appurtenances being lost. The rope broke at an indicated

strain of 1,700 pounds, which we always consider well within the limit of

safety ; in fact, the bridle-stops are intended to part at nothing less than

3,000 pounds.

Three sharks were taken with hook and line, two of them unusually

large, and one of moderate size. The latter had been feeding on squid,

nearly two deck-buckets full being found in its stomach.

The large surface net and the submarine electric light were used suc-

cessfully during the evening and just before daybreak the following day.

The trawl line was set again at 9.25 a. m. on the 20th, in 328 fathoms,

gray mud, latitude 39° 02' 40" K, longitude 72° 407 W., and taken up
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at 2.55 p. m. There were no fish caught and most of the baits remained
untouched. Three hauls of the trawl were made between the above po-

sition and latitude 39° 02' K, longitude 72° 36' W., in 479 fathoms, green

mud, and, although the forms were generally well known, some were

exceedingly rare and a few new to us. Among the invertebrates star-

fish, sea-anemones, shrimp, &c, were the most abundant; several kinds

of shells were found also, and sixteen species of fish, the most numerous
being Macrurus Bairdii

y Glyptocephalus cynoglossus, and Phycis Chesteri.

During the last haul the trawl buried, and the net was torn from the

frame before it could be released from the bottom. It was blowing a

fresh breeze at the time with considerable swell, but the vessel rode for

over an hour by the dredge rope after it was hove short, without part-

ing it or breaking out the trawl.

The surface net and submarine light were used during the evening

and before daylight on the morning of the 21st. At 8.37 a. m. the trawl

line was set in 231 fathoms, green mud, latitude 38° 55' ST., longitude

72° 50' 30" W. It was taken up at 3.20 p. m. with one wry-mouth,

eight hake, four skate, and one whiting. Three hauls of the trawl were

made during the day between the above position and latitude 38° 53'

30" X., longitude 72° 52' W.,in 138 fathoms, green mud and sand. Life

was found more abundant and the hauls were all successful. Among
the many forms taken may be mentioned OpJiioglypha Sarsii, Octopus

Bairdii, Asterias Tanneri, archasters, sea-anemones, shrimp, Calistoma

Bairdii, hermit-crabs, &c, beside fourteen species of fish.

At 3.25 p. m. we started ahead S. ^ E. (p. c.) to change our working

ground. The barometer was falling steadily with every appearance of

bad weather. At 8 p. m. the engines were slowed and the surface net

and submarine light used till 10 p. m., when the course was resumed.

We entered the Gulf Stream at 4 a. m. on the 22d, in latitude 37° 40'

X., longitude 72° 40' W., and hove to until 8 a. m., when, the wind hav-

ing increased to a moderate gale, we ran to the northward about 16

miles to avoid the confused sea of the Stream, and hove to under the

fore storm-staysail, bringing the wind and sea a little abaft the starboard

beam. The barometer fell to 29.58 about 2 p. m., then began to rise

slowly, the wind backing to the northward and increasing to a fresh

gale. The ship rode very comfortably until 9 a. m. on the 23d, when
we wore to the northward and started ahead about 5 knots per hour to

increase our distance from the Gulf Stream, which had been driven to

the northward by the gale of the previous days. We had a moderate

to fresh gale during the 23d from W., increasing to a strong gale in

the evening with a very heavy sea, which began to come on board in

the weather gangway, doing no damage, however, except breaking a

pane of glass in the pilot-house and another in the wardroom skylight.

At 7 p. m. we slowed to 2^ knots and passed a very comfortable night.

The wind and sea moderated during the morning of the 24th, and as
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we had reached the limit of time assigned for the trip, the speed was

increased and the ship headed for Wood's Holl, under steam and sail.

The surface net and submarine light were used during the gale until

the naturalists became discouraged by their failure to procure speci-

mens. All of the various forms usually taken in vast numbers on the

surface, particularly in the mornings and evenings, seemed to have dis-

appeared ; even the Gulf weed sunk below the surface, being seen a few

fathoms under water. We have always noted a marked diminution in

the surface forms taken in rough weather, but in this instance there

was almost a total disappearance.

We arrived in port at 6.30 a. in., September 25, and moored to the

Fish Commission wharf. The specimens were sent to the laboratory

during the day.

The boilers required some slight repairs, which were completed about

October 1, when preparations were made for leaving the station for the

season, and all articles of equipment and scientific outfit which were

not to be left at Wood's Holl for the winter were taken on board.

Ninety tons of coal were taken in on the 6th, and at 9.30 a. m., October

8, we cast off from the wharf and started for Newport, E. I., where we

arrived at 3.20 p. m., and anchored in the inner harbor. The electric

torpedo apparatus borrowed from the torpedo station for use on our

Newfoundland trip was returned and proper acknowledgments made

to the commandant.

At 7.30 a. m. on the 9th we got under way and steamed out of the

harbor bound for New York via Long Island Sound. Fresh northerly

winds were encountered during the day with cool weather. We an-

chored off Great Captain's Island at 9 p. m., got under way at daylight

the following morning, and auchored off 23d street, North Elver, at

10.25 a. m. The Albatross was among the last vessels to pass through

Hell Gate previous to the explosion of Flood Eock, which occurred at

11.14 a. m. The explosion was not noticed on board, and we did not

know that it had taken place until information to that effect was re-

ceived from shore.

An officer came on board from the French flagship Flore soon after

we anchored, with the admiral's compliments, and tendered the usual

civilities. The call was returned on the 12th.

We called at New York for stores and various articles of equipment

which could be procured to better advantage there than in Washing-

tou. An ample supply of fresh menhaden bait was taken on board for

use in our search for tile-fish, which was to be extended to the south-

ward of Cape Hatteras.

We remained at our anchorage until 11.10 a. m. on the 15th, when we

got under way and proceeded to sea. The weather was pleasant, with

moderate westerly winds. We were under steam and sail till the fol-

lowing morning, when the engines were slowed down to allow of sur-

face towing, which has recently been a marked feature in our invest 1!-
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gations, the improvements in towing-nets having practically opened a

new field to us. The surface-nets were put over again in the evening,

with gratifying results.

At 10.54 a. m. on the 17th we set the trawl line in 120 fathoms, fine

gray sand, latitude 35° 02' 20" K, longitude 75° 12' W., and after the

fishermen left the ship the trawl was lowered, taking a few fish, dead

shells, worms, a single hydroid, &c, the bottom being exceedingly bar-

ren. The trawl line was taken up at 3.30 p. m., a single dogfish being

the only catch. The weather buoy sunk, and while hauling in from the

leeward the line parted, the weather buoy, anchor, and line, and a por-

tion of the trawl line being lost.

Five hauls of the trawl were made in the vicinity during the day,

resulting in the capture of many starfish, Crustacea, fish, corals, and
a great variety of shells, mostly minute forms. Surface towing was
carried on both in the morning and evening with excellent results.

At 6 a. m. on the following day, we cast the trawl in 15 fathoms, gray

sand, latitude 34° 57' K, longitude 75° 43' 30" W., and ran a line of dredg-

ings offshore until 11.40 a. m., when the trawl line was set in 124 fathoms,

sand and rock, latitude 34° 38' 30" K, longitude 75° 33' 30" W. When
taken up at 4 p. m., there were only two small sharks found on the

hooks, although many of the baits were gone. The strong current of

the Gulf Stream towed the weather buoy under, and the line parting

while heaving in, the remaining portion of the gear was lost.

The rock referred to was a sandstone, fragments of which, from a

few inches to 2 feet in diameter, and from 2 to 4 inches in thickness,

came up in the trawl. It was perforated in all directions with holes,

from half an inch to an inch in diameter, and closely resembled the clay

or rottenstone formation referred to in previous reports found off the

capes of the Delaware.

After the fishermen returned we continued the line of dredgings, ten

hauls being made during the day, and many interesting specimens taken.

The bottom was, as a rule, clean sand, washed by the sea during every gale,

and a portion of it swept by the action of the Gulf Stream, which in

that locality extends to the bottom. Among the many forms taken were

several varieties of starfish, brittle-stars, shrimp, sea-anemones, small

squid, holothurians, rare and beautiful sea-urchins, a few Cephalopods,

Astrophytons, sand-dollars, Munidas, and a variety of shells, both large

and small, the minute forms in particular being taken in great num-

bers. There were also a variety of fish taken, among them large

numbers of young scup, which were subsequently used for bait, a few

file-fish, and a number of shoal-water species. A large spotted por-

poise was harpooned during the evening, and preserved for examina-

tion. It is a rare species in the Atlantic, and was first seen by us off

Cape Hatteras in June last. The large surface-nets were used in the

morning and evening, and at intervals during the day, with excellent

results.
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After finishing work in the evening we stood slowly to the westward,

and at 6 a. m. on the 19th the trawl was cast in 18 fathoms, fine gray

sand, latitude 31° 3S' X., longitude 76° 12' W. Eight hauls were made
during the day between the above position and latitude 34° 09' N.

t

longitude 76° 02' W., the results being practically the same as on the

previous day.

A trawl line was set at 1.10 p. m. in 108 fathoms, gray sand and black

specks, latitude 34° 09' N., longitude 76° 02' W., and was taken up at

5.50 p. m. with no fish. The surface tow-nets were used with good

results both in the morning and evening. At 6.17 a. m. on the 20th

we cast the trawl in 18 fathoms, gray sand, latitude 33° 45' N., longi-

tude 77° 25' W., and made nine hauls during the day between the

above position and latitude 33° 37' 15" K, longitude 77° 35' 30" W., on

the northeast extremity of Frying-Pan Shoals, where numerous coral

patches were found abounding in marine life. Several species of coral

and shells, both dead and alive, were taken, besides sponges, hydroids,

Crustacea of many forms, and a variety of shoal-water fish.

A trawl line was set at 3 p. m. in 15 fathoms, gray sand and broken

coral, latitude 33° 38' X., longitude 77° 36' W., and taken up at 5.20

p. in., with 12 black bass, 2 scup, 1 dogfish, 1 grunt, and 1 bluefish.

Hand-lines were used at intervals during the day, taking 138 black

bass, 1 scup, 1 dogfish, and 1 grunt. The vessel was not anchored,

but allowed to drift, the fish being taken while passing over coral

patches or live bottom. The surface-net was used in the evening with

good success, and the submarine electric light was tried, but contrary

to our usual experience we obtained very few specimens.

We steamed off shore during the night, and at 6.27 a. m. on the 21st

cast the trawl in 258 fathoms, gray sand and black specks, latitude 32°

36' N., longitude 77° 29' 15" W. Five hauls were made during the day
between the above position and latitude 32° 21' 30" N., longitude 76°

55' 30" W., in 528 fathoms, yellow mud. We were within the limits of

the Gulf Stream, but experienced little or no current during the first

two hauls; a light but perceptible drift during the third, and the last

two were made in the full strength of the Stream. The results of the

day's work were very satisfactory, many rare and valuable specimens

being taken, some entirely new to us. Among the numerous forms

were many soft sea-urchins, hermit-crabs, long-spined sea-urchins,

corals, cephalopods, crabs, and a variety of fish. The surface-nets

were used in the early morning, and after the last haul serial tempera-

tures were taken. The weather changed during the night of the 20th,

and rain-squalls with variable winds were encountered on the 21st, the

wind increasing until at dark we had quite a heavy sea.

Our supply of alcohol being exhausted, we started for port at 7.14

p. m., as soon as the work of the day was finished. The wind contin-

ued fresh from northeast during the night, and being in the Stream a
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heavy head sea was encountered. Cape Hatteras light was sighted at

5.19 p. m. on the 22d, and at C a. m. on the 23d we made Cape Henry
light, passing it at 7 a. m. The wind moderated as we approached the

coast, and after entering the Chesapeake we had a light northerly breeze

and clear weather.

At 2.30 p. m., off Point Lookout, we swung ship under steam to ascer-

tain compass errors, and at 4.35 p. m. resumed our course up the river,

anchoring off Blakistone's Island for the night. "We were under way
again at 6.15 a. m. on the 24th, and arrived at the navy-yard, Washing-
ton, D. C, at 3.10 p. in., mooring at our usual berth off the east ship-

house.

The specimens on board were transferred to the Smithsonian Institu-

tion, and the work of refitting commenced. The vessel was painted, the

rigging refitted, holds and store-rooms broken out, whitewashed or

painted, and restowed, and the bilges cleaned. The dredging ap-

paratus was overhauled, and 2,000 fathoms of uew dredge-rope pro-

cured. New trawl and dredge frames were provided, the dredging-

block repaired, and a cast-brass hood added to prevent the rope from

flying out of the score when, from any cause, it is slackened.

We have taken a new departure in surface collecting, and instead of

the old form of net, with a hoop 1 foot in diameter, we have enlarged it

to 4 feet, and strengthened the parts so that it can be towed at the rate

of 5 knots an hour. It has a pocket similar to the trawl, which pre-

vents the escape of fish. This development of the surface net has

opened a new and interesting field of investigation, in which we have

made many additions to the surface fauna.

The table of fishing stations appended to this report shows the extent

to which we have prosecuted the search for tile-fish. They were dis-

covered by Captain Kirby, in May, 1879, in latitude 40° 04' N., longi-

tude 70° 59' W., at a depth of 80 fathoms, and were taken again, in July,

1879, by Captain Dempsey, in 87 fathoms, latitude 40° 02' N., longitude

70° 07' W. We took them in considerable numbers during the seasons

of 1SS0 and 1881, previous to the unprecedented destruction of the spe-

cies in March and April of the following year. As they were a fish of

great commercial value, we have made diligent search for them from

year to year since 1882 in the region where they were first found, ex-

tending the search as far as the coast of North Carolina in 1883 and

1884, and to Newfoundland and the Gulf of Mexico in 1885, without dis-

covering the least trace of their existence.

Our experience seems to confirm the belief that they were entirely

exterminated or that the survivors abandoned our coast. The table re-

ferred to shows also the investigations carried on with reference to other

edible fish in widely separated localities.

Two attempts further to investigate the tile-fish grounds by means of

chartered fishing schooners should be mentioned as properly belonging
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to the records of search by the U. S. Fish Commission. The first in

1880, in which the vessel failed to reach the grounds, and the second in

1S82, after the destruction and disappearance of the fish from their former

haunts. The vessel reached the grounds and carried on the investiga-

tions for several days, but failed to find any trace of tile-fish.

In the engineer's department' the principal work was on the boilers,

which required several new patches, renewal of old ones, &c. Coun-
terbalances were put on the main engines, which make them run more
smoothly and enables us to turn them over much slower while dredg-

ing, thus bringing the speed of the vessel down to the desired limit

for deep-water work.

The most important improvement in the engineer's department dur-

ing the year was the introduction of " Baird's annunciators," which are

fully described in his report. They are designed to show the action of

the engines to the officer on the bridge or the quartermaster in the pilot-

house. It is desirable at all times to know whether engine signals have
been rightly understood and answered, but doubly so when sounding or

dredging. The annunciators show at a glance what the engines are

doing.

Personnel.—Many changes have occurred among the officers during
the year. Ensigns E. H. Miner and L. M. Garrett were detached on
the 22d of April ; Lieut. H. S. Waring reported for duty October 11

;

Ensign Franklin Swift was detached on November 4; Lieut. A. C. Baker
on November 10 ; Lieut. C. J. Boush on December 12 ; and Lieut. B. O.

Scott reported for duty on December 21.

At the close of this report, December 31, the Albatross was practically

ready for sea.

The following officers were attached to the vessel at the end of the

year

:

Z. L. Tanner, lieutenant-commander, U. S. N., commanding.
Seaton Schroeder, lieutenant, U. S. N., executive officer and navi-

gator.

H. S. Waring, lieutenant, U. S. K
Bernard O. Scott, lieutenant, U. S. K
J. M. Flint, surgeon, U. S. K
C. D. Mansfield, paymaster, U. S. N.
G. W. Baird, passed assistant engineer, U. S. N.
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NAVIGATION REPORT OF LIEUT. SEATON SCHROEDEE,
U. S. N., NAVIGATOR.

During the year 1885 the cruising of the Albatross has been comprised

between the parallels of 20° and 48° north latitude, and the meridians

of 49° and 90° 30' west longitude.

The following table gives the number of days under way, together

with the distances run and the object of each trip

:

Date. Object. Distance.

January 4 to 10
January 12
January 10
January 17 to 20
January 21 to 23
January 20 to February 3.

February 7 to 8

February 11 to 14
February 20
March 1 to 5
March 7 to 9
March 13 to 18....
March 19 to 20
March 30 to April 7

May 25 to 26
May 31
June 3 to 8
June 14 to 16
June 17
June 18to27
July 2 to 9
July 11 to 17.

August 7 to 13
August 28 to September 5.

September 18 to 25
October 8 to 10
October 15 to 25

Total, 130 days

Sounding and dredging
Swinging ship
Key West. Fla., to Havana, Cuba
Sounding and dredging

do
do

Sounding, dredging, and fishing
Sounding and dredging
Shifting berth
Sounding and dredging
Sounding, dredging, and fishing

do
do
do

Washington, D. C, to Baltimore, Md
Baltimore, Md., to Norfolk, Va
Sounding, dredging, and fishing
Washington, D. C, to Narragansett Bay.
Swinging ship
Sounding, dredging, and fishing

do
do
do

Sounding and dredging.
Sounding, dredging, and fishing.
Wood's Holl, Mass., to New York.
Sounding, dredging, and fishing

1, 009. 6

30.0
114.0
80.0

393.

774 4

267.

329.0
4.0

404.

347.

521
233.1

1, 109. 3

180.0
163.0
658.2
527.

25.

1, 433. 5

746.0
653.0
495.

1,014.(1

713.3
172.li

1, 249. 4

13, 705. 4

During the year 625 sounding stations have been occupied, of which

318 were also dredging stations. A large number were located with suf-

ficient accuracy to be of hydrographic value, and lists of such were sent

to the Bureau of Navigation, Navy Department. Lists of those near

the United States coasts were also sent to the Coast Survey Office,

Treasury Department.

Following is a table of reported banks and shoals over or near which

the depths were found in the positions given

:

Name.

Hope Bank
Do

Hamilton Bank
Watson's Bock

Do
Jesse Ryder Rock

Do
Five Fathoms (Green Bank)

Latitude N.
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Other soundings than those quoted were taken on each side of these

dangers, conclusively proving their non-existence. The trawl-net was
also dragged over the vicinity of the Jesse Eyder Rock without discov-

ering any sign of an elevation of the bottom.

While at anchor off the village of San Miguel, island of Cozuuiel,

Yucatan, a reconnaissance was made of the bay, and forwarded to the

Bureau of Navigation, Navy Department. The longitude of the plaza^

established by equal altitudes of the sun with sextant, artificial hori-

zon, and four chronometers, was found to be 8G° 57' 59.6" W. ; the lat-

itude was found by thirteen ex-meridian altitudes of the sun, with arti-

ficial horizon, to be 20° 30' 46" N., and the compass variation 6° 24' E.

The shore line was run in, and houses and other landmarks located

by compass, sextant, and micrometer telescope, a man 6 feet tall serv-

ing as staff for the latter. The anchorage was also sounded out and

sailing directions prepared.

While working in the Gulf of Mexico the opportunity was taken of

furnishing the Navy Department with remarks on the landfall of Pen-

sacola, Fla., steamer beacons in Tampa Bay, the entrance to the South

Pass of the Mississippi River, and currents in the Gulf. Special sound-

ings were also taken eastward of the Mississippi delta, which proved

the non-existence of a 30 to 40 fathom bank, represented on old charts

as extending eastward about 30 miles from longitude 88° 10' ou the

parallel of 29° 05'. Fishermen seeking new grounds have sought for

this bank and wasted money in the search.

A short line of soundings run out southeastward into the Gulf Stream

from between Capes Fear and Romain, South Carolina, showed that the

bottom is rather flatter there than is indicated by the negative sound-

ings given on the charts to the northeastward and southwestward.

Opportunity was taken to make a slight examination of the bottom

near the 100-fathom line south of Nantucket Island, where indications

had been found in 1884 of an inward sweep of the 200 to 600 fathom

curves. This was found to be the case, a marked pocket making in on

the meridian of 75° 15' W., latitude 39° 50' to 40°.

The phenomenon of semi-diurnal tidal currents was again observed in

latitude 39° 40' to 40°, between the meridians of 70° and 71°, where it

had been noticed in previous seasons. Their directions seem to be nearly

east and west, but it was not practicable while dredging to ascertain

with any accuracy the time of turning.

The position, as given on the charts, of the southeast end of Banque-
reau was found to be erroneous. With favorable circumstances for ac-

curate work, the 100-fathom curve was found to be 10 miles farther to

WNW. than represented.

While sounding in the vicinity of Watson's Rock and farther west,

the northern edge of the Gulf Stream was found to be in about latitude

40° 20' between the meridians of 53° and 60°; and while running along

that line, on the 19th to 21st of June, on an easterly course (true), the
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vessel would alternately be in water of 76° and of 63°, and frequent

observations, under favorable circumstances, day aiid night, showed
that when in the warm water a moderate EKE. set was experienced;

on emerging into cooler water the ship was immediately set to the

southward, the wind being east to northeast, and on reaching warmer
water again the same easterly current was found.

The table of hydrographic soundings and record of dredgings and

trawlings give the position and depth of all soundings taken during the

year. The numbers above 2,000 indicate dredging stations.

The ship was swung for deviations in different latitudes three times

during the year. At Key West, Fla., latitude 23° 30', in January ; iu

Narragansett Bay, latitude 41° 30', in June ; and at the mouth of the

Potomac River, latitude 38°, in October. In each case the ship was
swung on even keel once with starboard and once with port helm, the

object observed being the sun. From the mean deviation curves thus

obtained, the accompanying steering-cards were constructed, in which

the points of the inner circle represent the magnetic courses to be made,

the radial lines from them showing on the outer circle the correspond-

ing courses to be steered by the standard compass.

The deviations are nearly the same now as in the spring of 1883 for

the same latitude. At the time of swinging ship in the Chesapeake

then, there were three spare pieces of iron railing lashed fore and aft

to the hand-rail on the port side abreast of the compass, and 8 feet from

it; these were removed shortly afterwards, and the change in the mag-

netic conditions affected the compass somewhat, the greatest westerly

deviations (on the ESE. course) becoming \ point greater than the

greatest easterly deviation on the west course, while previously they had

been practically equal. All subsequent swingings were performed un-

der the same circumstances, mutually, as regards movable metal masses.

There has been observed a noticeable illustration of the well-known

reciprocally inductive influences of magnetic needles and masses of

iron in certain positions relative to each other and to the magnetic me-

ridian. Immediately abreast of the center of the standard compass, 12

feet 7 inches from it on the starboard side, is the forward vertical iron

davit of the seine boat. When swung in, the head of this curved davit

is 7 feet 9 inches laterally and 4 feet vertically from the center of the

card ; when rigged out it is 17 feet 5 inches off later-ally and 4 feet

vertically, the body of the davit remaining stationary. It has been

noticed for a long time that the compass is markedly affected by the

latter position of the davit, but it is usually kept rigged in when at sea,

in the same position as when the ship is being swung on even beam.

There has been neither occasion nor opportunity to prepare a separate

curve of deviations with it rigged out. Isolated observations show that

the greatest disturbance occurs on the northerly and southerly courses.

In latitude 35° to 40°, swinging the davits out changes the deviation

about one point to the westward on a £T. by E. course, and about the
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same amount to the eastward on a S. by W. course, the disturbance de-

creasing eastward and westward from those points to nothing at east

and west, where the needle points to or from the disturbing element,

and "when the two are in approximately the plane of the same magnetic

meridian.

The davit in question is in metallic connection with the hull of the

ship, and through it with the earth. The upper part, beginning about on

a level with the compass card, curves with a radius of about five feet, and
when swung outboard has a general direction pointing exactly from the

compass ; when rigged in its general trend is not far from normal to the

line of shortest distance to the compass. In the latter position, although

so much nearer to the needle, it has apparently no special influence

upon it, the deviations making a fair curve.

The methods employed in navigating were as described and illustrated

in preceding reports.

EEPOET OF PASSED ASSISTANT EXGIKEEE G. W. BAIED,,
U. S. K

MAIN ENGINES.

During the year the ship has steamed 13,240.26 miles on her course*

besides the time the engines have been worked for sounding and dredg-

ing. The ship has been at sea one hundred and thirty days, and has

not been detained in port through any mishap or accident to steam

machinery. The casualties have been few. The out-board blow-valve

chamber was found to be corroded through in April; we put a pine plug

Fig. l.

in the opening while at Key West, and after our return to Washington
we listed the ship to bring the valve above water, when we put in a

new valve. To prevent further corrosion, we placed a zinc ferrule in the

neck. The soft-rubber valves in the air-pump were found to curl up from
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great heat in the water discharged into the hot-well from the heaters
;

they have been replaced by vulcanized hard-rubber valves. The feed-

pump valves, from faulty design and excessive weight, used to batter out

their stops and would cockbill and stick up in their seats. I therefore

designed a set of valves with better guides (Fig. 1), having greater

diameter and less lift and containing much less metal. They were made
and fitted at the Washington navy-yard. During the year we have

overhauled the valve-gear, and have set out the piston-springs twice.

While the ship was in dry-dock in May we examined that portion of

the line shafts which we had covered with Edison's tape a year before,

and found the metal bright and clean, the corrosion having been com-

pletely arrested. These corroded places are directly behind the bronze

covering of the shaft which is placed there for a bearing. We have had

new set-screws fitted to the nuts on themain valve-stems; the original

ones were not tight enough, and have sometimes backed out. We have

always found great difficulty in moving the engines by hand, owing to

the great lack of counterbalancing, as well as to the inaccessibility of

the jacking-wheels.

I therefore designed a pair of counterbalances (Fig. 2) for the low press-

ure cranks, which are being built at- the Washington navy-yard. By

Fig. 2.

making them in halves they can be put on without disturbing the crank-

shafts, and by providing teeth in their peripheries they can be utilized

as auxiliary pinching-wheels.
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Synopsis of the steam log of the U. S. Fish Commission steamer Albatross during the year

1885, the vessel during that period being employed in deep-sea exploration.

[Kind of engine.—Twin screw, compound engine, surface condenser; inclined.]

Number of cylinders

:

High pressure 2

Low pressure — 2

Diameter of cylinders, in inches

:

High pressure - 18

Low pressure 34

Stroke of pistons, in feet 2i

Mean point of cutting off the steam, from commencement of stroke of

pistons, in inches

:

High pressure 18. 34

Low pressure 16.45

Mean number of holes of throttle-valve open _ 2.9

Mean vacuum in condenser, in inches of mercury -•» 23. 07

Mean steam pressure per square inch, above the atmosphere

:

Boiler pressure pounds.. 48. IT

Receiver pressure do.... 8.37

Mean temperature, in degrees, Fahrenheit

:

Engine room 100. 8

On deck - 65.

1

Injection-water 67. 68

Discharge-water — 96.91

Feed-water 74. 15

Total time the fires were lighted hours.. 8,514

Total time the engines were in operation, the ship being on her course,

in free route hours.. 1,5841$

Total number of revolutions :

Starboard engine * 6,213,850

Port engine 6,199,567

Mean number of revolutions per minute

:

Starboard engine <>5. 37

Port engine - 65.23

Total number of knots 13,240.26

Mean number of knots per hour 8.35

Total coal consumed tons., 1, 531££f|j

Total weight of refuse from coal do 329y :HA
Total weight of coal consumed while the engines were in opera-

tion tons.. 836^7
Mean quantity of coal consumed per hour while the engines were in

operation pounds.. 1, 182

Total oil consumed

:

Red M engine oil gallons.. 442

600 W. cylinder oil do 169

Electric oil do 36

Lard oil do.... 350

Tallow consumed pounds.. 69

Wiping stuff consumed do 419

Greatest draught forward and aft feet.. M\ & 13-j7^

Least draught forward and aft .do 9J& 10f£

Average draught for the whole steaming do 10if & 1 2^
Helicoidal area of each screw square feet.

.

4
-

J. 02

Diameter _ feet .

.

9

Pitch (mean) , do.... U'[
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BOILERS.

The boilers continue to give trouble, and have reached that point where

the loss of speed and length of voyage of the ship, and the cost of re-

pairs make it a matter of economy to build new boilers of a proper

design. A boiler built from the design already submitted by the writer

will enable the ship to carry 80 tons more coal, which will enable the

ship to cross'the Atlantic Ocean at the rate of 10 knots per hour, unin-

lluenced by wind or wave. As the proposed boilers will carry a higher

pressure, a greater economy will be insured. In the present boilers the

Hues cannot be swept unless the fires be hauled, and it would be impossi-

ble to replace a Hue without cutting a hole through the end of the

boiler. To accomplish this renewal of a flue, it would be necessary

either to cut a hole through a bulkhead to pass the flue through, or else

to tear up the deck and take the boilers out for the purpose. Though we
never exceed a pressure of 50 pounds, we have repeated leaks around

seams and socket-bolts, and are kept making soft patches, calking

seems, and replacing leaky socket-bolts and rivets whenever we have

a chance. Fires have been kept in the boilers 295£ days during the

year, so our chances to repair the boilers have been limited. The crown

sheets are so inaccessible—from close bracing—that the men cannot

reach all parts of them with their scaling tools; the steel of which these

crowns are made tempers and cracks and is sometimes so hard that

chisels require the hardest temper to cut them. We have renewed the

hard patches on crown sheets of Nos. 1, 2, and 3 furnaces; have put a

new hard patch on side of No. 3 furnace, and one on the side of No. 4

furnace; we have renewed eighteen socket-bolts and six soft patches

during the year.

To get at the hard patches we were obliged to cut from the boilers

18 stays (Fig. 3), 24 sockets (Fig. 4), and 30 braces (Fig. 5), all of which

had to be replaced. We took advantage of this to cram our smallest

man into the boilers to scale them as much as possible. We cut one

l^-inch hole in the port and six in the starboard boiler, through which

we scaled the hitherto inaccessible parts, and afterwards closed the

holes with li-inch pipe plugs : these holes are better than hand-holes,

in that they do not cut so much iron out of the boilers. We tested the

boilers by cold-water pressure (after replacing the braces) to 64 pounds.

In repairing at the Washington yard we have been permitted to se-

lect their best two boiler makers, and have utilized our firemen as

helpers ; at New Bedford, the contractors, for some reason, refused to do

this, and, in order to get our repairs made,* we were obliged to employ

a helper with each skilled boiler-maker. The quality of the repairs done

by the navy-yard was better, and, by utilizing our men as helpers, was

also cheaper. I beg to recommend that new boilers be built at the

Washington navy-yard, from the plans I have already submitted, and

estimate $20,000 as the sum necessary to build and connect the boilers,

B. Mis. 70 4
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and make the necessary alteration in the bunkers and deck-house, as

indicated in the drawings already submitted.

Fig. 3.

MARINE GOVERNORS.

The Svedberg governors continue to work adm irably. Stormy weather

on the 7th, loth, and 16th of January, the 12th of February, the 9th

and 31st of March compelled the use of the governors, on all of which

occasions they worked very well. I consider them indispensable. Ex-

perience has demonstrated that the relative direction and force of the

gale requires a different height of mercury in the cups; I have therefore

tapped iron cocks into the bottoms of the mercury-cups for diminishing

the height of mercury.

DREDGING ENGINE.

This engine continues to do its work well, giving but little trouble.

We have reset the steam-valves, and the engine now runs more smoothly

than formerly. On one occasion the cast-iron chamber of the throttle-

valve was broken, probably from water in the pipe; the engine was not

in motion at the time. To prevent detaining the ship in port we sub-

stituted a smaller valve, wfiich was used during one dredging voyage

in the Gulf Stream, and when the ship returned to port we put in a

duplicate of the original valve. We have overhauled this engine dur-

ing the year, adjusted the bearings, lined up the roller-guide, &c.
3
and

have, polished some of the rough, unhnished parts.
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REELING ENGINE.

We have overhauled this engine and have had the lower journals of

the connecting-rods turned down aud brasses refitted; they were -..'.. of

an inch " out of round." We have stopped the leaks under the valve-

bonnets, adjusted the bearings, &a.

SOUNDING ENGINE.

We have put a new piston-ring in this engine, to replace a broken

one, and we have draw-tiled the trunk to make its sides parallel, since

which time the engine has worked better. I recommend that the cylin-

der be rebored and that a new and much lighter piston and trunk be

made, with a view to increasing the speed of the engine. The steam-

hose which has been used on this engine for the past three years is much

deteriorated and must soon be replaced.

STEERING ENGINE.

This engine continues to do its work well, and gives no trouble ex-

cept to diminish the vacuum by its air-leaks.

STEAM WINDLASS.

This machine continues to give great satisfaction; its convenience in

enabling us to hoist, cat, and tish the anchors, or to veer one while

hoisting the other, merits a special mention. It is also used to hoist

bouts, and, in reeling off wire rope, the capstan is utilized as a drum.

We have put a new key in the rock shaft to replace a loose one
;
we

have reset the valves, and have divided the lead equally. On exami-

nation we find the cylinders, valve faces, and journals all wearing

smoothly.
STEAM PUMPS.

The cast-iron piston in the water end of the circulating pump has cor-

roded considerably, and we have been obliged to have the hole for the

rod couuterbored, and have a composition collar let in, for the shoulder

of the rod to press squarely against. This piston is heavy, and the two

leather collars (packing) wear away quite fast. Wo will ask for a bronze

piston, with hemp [lacking, during the coming year.

We have put a new set of rubber valves in the boiler feed-pump, and

have put a safety feed-valve on that pump. The hydrant pump has re-

quired no further attention than repacking and cleaning during the

year.
STEAM ASH HOIST.

The engine and chute continue to give satisfaction. The engine has

not been overhauled during the year, and does not appear to need it.

It is iu a hot, dark, and dusty place, and does not receive much atten-

tion, and does not require much.
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STEAM CUTTERS.

The steam cutter and steam gig continue to give great satisfaction.

During the year we have taken out the boilers twice, and have over-

hauled the machinery. We have put a new high-pressure steam-valve

in the cutter, to replace one worn away to a knife-edge on one side. We
have had the line-shafts out, and have lined them up; we straightened

that of the cutter; it had been bent by the screw striking something.

We have fitted a new follower to the piston of the low-pressure cylin-

der of the cutter. We have provided new air-punip rods for both boats,

which has resulted in better vacuum. We have put new steel bushings

in the air-pump connections of the cutter, and provided a new casing

for the smoke-pipe. We have provided the gig with a new smoke-pipe

with brass casing ; it replaced the old one, which was burned out. We
have put a new feed-pump rod and a new plunger on the hand bilge-

puinp of the cutter.

While the engine was out of the cutter, a man, in getting into the

boat, jumped on and broke the flange off the bottom blow connection

;

this was the only break that occurred to the boat during the year that

would have detained her an hour from her work. We replaced the

flange at the Washington yard.

SIGNALS.

The number of signals struck upon our engine-room gongs during

the process of sounding and dredging is so great that mistakes both in

striking and answering must be expected ; when such a mistake oc-

curs, great mischief sometimes follows before it is discovered. To ob-

viate this I have devised an annunciator, which has been built and

attached, and which has worked quite well. I append a copy of the

report of a board of U. S. naval engineer officers, which describes the

machine. The Navy Department has adopted this machine for their

new ships.

FRESH-WATER DISTILLING APPARATUS.

During the year we have distilled 51,320^ gallons of water, which has

been used for drinking, cooking, and washing, and sometimes for the

steam cutter and steam gig. A leak occurred in a coil, during the sum-

mer months, which caused brackish water ; this was promptly stopped

with soft solder. Organic matter was found in the water in September,

but this was traced to the dirty tanks. With these two exceptions the

water has been clean, sweet, sharp, and pure. The tanks are now
cleaned as soon as einpty, and are whitewashed inside before refilling.

ELECTRIC LIGHT.

The Edison incandescent light continues satisfactory, and still excites

admiration, The dynamo (Fig. G) has run three years without failure,
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and though the commutator has woru considerably I think it will last a

year yet. The set-screw in the pulley on the armature bad a habit

Fig. 6.

of slipping at times, causing annoyance ; we had a "feather" fitted to

the shaft at Washington, which obviates that trouble. Occasional breaks

in the flexible cords, branch wires, lamp-sockets, &c, have occurred;

they have been due partly to short circuits through sea-water which

leaked through the decks, and partly to accidents ; they have always

teen repaired by men in the engineer's department. But two breaks

have occurred in the main wires. As an additional safety we have put-

large double-pole cut-out blocks (Fig. 7) in the forward circuit, next the

dynamo. We have placed switches in the upper laboratory, by which

four lamps on each side—overhead—in the lower laboratory are lighted,

which is an additional convenience to the uaturalists. We have placed

a portable state-room sliding lamp-fixture in the chart-room for the con-

venience of the navigator, and a similar one in the laboratory over the

microscope table of the surgeon. We have provided two 25-foot cables

and fitted submarine lamps and attachment plugs to them for the use

of the naturalists; these cables are made up of seven strands (double
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circuit) of small wire, equal in aggregate area of cross-section to a sin-

gle No. 10 wire, and are well insulated in gutta-percha ; they have been

much used and are more convenient than the old ones.

Fig. 7.

The two 3-light pendant lamps and their cables have also proved very

useful and convenient ; in fact, they have enabled us to dispense with the

use of the arc lamps entirely. We have been obliged to dispense with

the switches I improvised for these pendant cables, and to substitute

Edison's standard switches for them. The engine which drives the

dynamo still requires considerable care ; the pressure-regulating valve

(Fig. 8.) has sometimes stuck in its seat, and, on one occasion, delayed

Fir.. 8.

starting the dynamo half an hour. We have provided a steam-gauge,

which we have attached to the steam-pipe between this regulating-valve
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key to the fly-wheel of the dynamo engine, the old one having worked

loose. We have had the commutator turned down and polished. We
have removed the submarine lamp from the deep-sea cable to make place

and the engine, in order that we may set the pressure at pleasure, and

also know if the valve is working properly. We have been obliged to sub-

stitute a copper for an iron steam-pipe on the dynamo engine; as the con-

tinuous jarring caused leaks in the iron fittings. We have fitted a new

for the photometer. In a gale of wind the guys of the cabin chandelier

broke, and as the lamp swung it sheared off the electric wires. We re-

stored the wires and replaced the rope guys with proper brass ones.

The dynamo has been in operation 1,628 hours during the year, during

which time a mean of about 47£ lamps have been burning, aggregating

the following cost

:

Essential r.^rnses of illumination.

15$% tons of coal, at $5.02 $76 56

192 lamps, at 61.8 cents* 118 65

36 gallons of oil, at 60 cents 21 60

3 brashes, at 60 cents 1 80

3 cut-out blocks, at 32 cents 96

32 3-light safety-plugs, at 8 cents 2 56

25 6-ligbt safety-plugs, at 8 cents. 2 00

7 key-sockets, at 90 cents 6 30

Refitting cross-head journal of dynamo engine 8 00

2 plain sockets, at 46 cents 92

Shortening dynamo belt •
'> 95

1 pound No. 12 insulated wire, at 40 cents 40

51 ) feet of flexible cord, at 15 cents 7 f>0

1 pound No. 18 insulated wire, at 40 cents 40

2 cigar-lighter plugs, at 55 cents 1 10

Additional expenses.

4 double-pole cut out blocks, at $1.10 4 40

f> 81 * I igbt safety-plugs, at 17 cents .. 85

5 plain sockets, at 46 cents 2 30

2 pounds of insulation compound - •

5 attachment plugs, at 25 cents 1 25

50 feet of submarine cable, at 12 cents 6 00

2P.B. sliding fixtures, at $6.50 13 00

2 P. B. standard switches, at $3.75 7 50

2 P. P.. standard switches, at $2.3.r> 4 70

Total expenses 2 (

.>
-
.' 94

Deducting the cost of the fixtures added to the plant (luring the

year, and of the submarine cables, sockets, and attachment plugs used

in building and repairing the submarine cables, there remains an ex-

penditure of $252.80 for the legitimate illumination of the ship.

* The price of lamps during 1885 has been 85 cents apiece, but the Edison company,

finding they bad delivered us a bad lot of lamps, gave us an equal number of good

ones without charge. This brought the price of lamps to 61.8 cents.
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Iii calculating the number of lamp-hours I estimate a 10 candle-power

lamp as taking a current double that of au 8 candle-power lamp. It-

then appears that the rae'an cost per caudle power per hour is

/ 2 528 — \ A(>41 pPTltS

The coal-gas company of Washington supplies gas of 17 candle?

power used from a 4-foot bat-wing burner, at $1.75 per 1,000 cubic feet.

The cost of such a jet becomes (i^ovf^) 0.041176 cents per candle-

power per hour, or somewhat more than our light is costing us on board

this ship.

1 have purposely omitted the cost of labor, as the dynamo is run by

a coal-heaver, who performs other than this duty.

VENTILATION.

The quantity of air induced by the fan remains practically constant,

ceteris paribus, and the efficiency is the same as recorded in my last

report. We have put new throttles on the motor, and have led the

drain-pipe to the ash-pans. Owing to the humming of the fan some-

what resembling the sound of a large steam-whistle, its speed was

purposely limited during our (anise in (he foggy latitudes of the

Grand Banks last summer. The fan has been used only a few hours

during each night, as the enormous inefficiency of the Wise motor

(which drives it) causes an expenditure of about 50 pounds of coal per

hour. We manage, however, to keep the sleeping apartments tolerably

free of bad air during the night.

STEAM HEATERS.

The steam radiators appear to be deficient in surface in very cold

weather. The drainage of the cabin heaters, and also the lower labora-

Fig. 9.

tory heater, has been improved by substituting three-fourths for one-

half inch pipe. The number of leaks in the heater pipes has dimin-
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ished since we began to put in the ground unions. There continues to

be trouble with leaky valves, due to bent stems. We have replaced

several during the year. We have put new soapstone floats in the

heater traps, and have provided an additional blow-through lor the for-

ward trap.

One of the two heaters on the berth-deck was removed in December

by order of the commanding officer.

OOAL.

All the coal consumed (excepting a small amount of semi-bituminous

coal for the gig) during the year has been Pennsylvania anthracite,

mostly from the Lackawanna mine, but partly from Scranton and the

Lehigh Valley. The quality has been generally good, except that ob-

tained from the navy-yard, Norfolk, which had deteriorated from ab-

sorption of moisture from exposure. The following are the amounts

charged to different purposes, as nearly as I am able to divide them :

Coal consumed to propel the ship while on her course, to warm the ship,

pump hilges, wash decks, and hoist ashes while the main engines were

in operation tons.. 836vV.fi.

Coal consumed for lighting the ship hy electricity do. .. 16./..

Coal cousumed for ventilating the ship do . .

.

23f^ HI

Coal consumed for distilling water do... 2^ ,",'!,

Coal consumed by the steam cutters do..

.

i'M-i"

Coal consumed for driving the hoisting engine, reeling engine, steam wind-

lass, washing decks, warmiug the ship, and keeping fires banked when

the main engiues were uot in operation tons .

.

622-.£fro

Total number of tonsof coalusedforandbytheengineer'sdepartment.do..

.

1,531 '
;:

Coal used for the equipment department (cooking) - do . .

.

37vV/.i

CASUALTIES.

We have put additional cement in the bottoms of the shaft alleys, in

order to give the floors a pitch and to improve the drainage, and have

cleaned and painted the iron part of the hull in the alleys above the

cement. We have substituted a £-ineh for a finch drain-pipe from the

main escape pipe ; we have soldered a new nipple on the water-tank in

the cabin ; drilled a broken bolt out of a hawse-pipe shutter; cut threads

on dredging shackle-pins ; repaired a broken photometer spring ; riveted

up a lot of brackets for specimen bottles in the laboratory. We have pro-

vided a bronze shoe and have fitted it under the bottom of the sheave

in the heel of the dredging-boom ; the object of this shoe is to prevent

the wire from jamming between the sheave and its frame when the wire

rope is slacked, runs off, or breaks. We have provided a bushing for

the guide-stem of the dredge-rope governor to make it work smoothly.

We have cleaned and painted the floor frames under the boilers. We
have straightened awning stanchions

;
put new screws in guide of ac-

cumulator on the foremast ; riveted a new hinge to a port-shutter on

the side of the ship; forged new iron work for foremast-head; and have

done such other mechanical work about the ship as was required.
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APPENDIX.

Chief Engineer's Office, U. S. Navy-Yard,
Washington, I). C, December 19, 1885.

Sir : In compliance with instructions of the Bureau of Steam Engi-

neering, dated the 15th, and your order dated the 16th instant, the

Board appointed to examine the device described as "Baird's Annun-

ciator," have examined the apparatus, observed its operation, and beg

leave to report as follows :

The object of the device is to indicate upon deck, to the easy inspec-

tion of the officer in charge of the deck or his assistants, the direction

of the movement of the engines, whether ahead or aback.

While the engines are working ahead an index revolves in the direc-

tion in which an arrow, on its free extremity, points; upon reversing

the engines the motion of the index is reversed.

The mechanism immediately employed in producing these movements

is inclosed in a case, of which the dial over which the index revolves is

the face. The index is mounted upon a shaft or spindle, which carries

a toothed wheel.

The wheel and spindle are turned by the revolutions of a second spin-

dle placed at right angles with the first, carrying a worm or endless

screw, the threads of which mesh with the teeth of the wheel. The

second spindle carries also a series of fans, arranged like the blades of

a screw propeller, or like the vanes of the common anemometer.

By means of an air current, which ilows in one direction when the

ship's engines are going ahead and in* the opposite direction when they

are backing, the fans and their spindle are rapidly revolved, and the

proper motion transmitted through the spiral gearing to the index.

The movement of the index is moderate in speed, but the speed is va-

riable willi the speed of the engine, and incidentally affords a means of

estimating, by the eye, the speed as well as the. direction of the move-

ment of the engines and the ship.

The air current is derived from a small rotary blower placed near tin1

engine shaft, and turned by it through the operation of belts. When
turned in one direction the blower draws the air from the vanes of the

annunciator through a pipe, in one enlarged extremity of which, form-

ing a mouth, the vanes revolve. When turned in the opposite direction

the air is driven through the connecting pipe to the vanes, and the

direction of the movement of the latter, upon the instant, reversed.

It is a very great advantage to the person maneuvering the ship to

know, without the delay attending inquiry or observation of the move-

ment of the ship herself, exactly what the latter is to be. Should mis-

take be made it will be apparent before it is too late to correct it.
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The apparatus is simple and elegant, the power consumed by it is in-

considerable, and it is not at all likely to get out of order.

Its first cost needs never to be great, and tbecost of maintenance tri-

lling. Drawings of it are hereto appended.

The Board recommends it for purchase and use for purposes under

cognizance of the Bureau of Steam Engineering.

We are, sir, very respectfully, your obedient servants,

CHARLES H. BAKER,
Chief Engineer, JJ. 8. N.

R. D. TAYLOR,
Passed Assistant Engineer, JJ. IS. N.

R. R. LEITOH,
Passed Assistant Engineer, JJ. S. N.

Commodore W. W. Queen, U. S. N.,

Commandant.

United States Navy-Yard, Washington,
Commandant's Office, December 24, 1885.

Respectfully referred to the Bureau of Steam Engineering.

W. W. QUEEN,
Commodore, Commandant.

REPORT OF THE MEDICAL DEPARTMENT, BY JAMES M.

FLINT, SURGEON, U. S. N.

The general health of the officers and men during the year has been

good. There have been no deaths from disease, and only one serious

accident, whereby the victim lost his life by drowning, having fallen

overboard at sea. One severe case of typhoid fever occurred in the

early part of the year, but there is no reason to attribute the disease to

any cause existing on board the ship, as the man had been enlisted

but a short time before the appearance of his illness, and his was the

only case of the kind that occurred. He was temporarily removed to

the naval hospital at Pensacola, until convalescence was assured, when
he returned to the ship and has since entirely regained his health.

It is perhaps worthy of note that of 65 vaccinations during the year

41 were successful. All of the G5 claimed to have been vaccinated pre-

viously, and 42 of them showed good evidence thereof in well marked
cicatrices. Among these latter presenting good evidence of previous

vaccination, revaccination was effective in 26 cases. Fresh bovine virus

was used and introduced by scarification.

No changes affecting the sanitary condition of the ship have been

made during the year, and reference is made to former annual reports

from this department for statistics and descriptions of all that pertains
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to the arrangements for the accommodation of the crew, for ventila-

tion, lighting, heating, &c.

The following ports were visited: Washington, D. C.j Norfolk, Va.;

Key West, Fla. ; Havana, Cuba; Cozumel Island, Yucatan; Pensacola,

Fla.; New Orleans, La. ; Tampa, Fla.; Baltimore, Md. ; Newport, R.I.

;

St. John's, N. F.; Halifax, N. S.; Wood's Holl, Mass.; New York, N. Y.

Specific gravity observations were continued except in those portions

of the Atlantic covered by previous cruises. The results are appended.

Of especial interest is the series of date March 1, 5.30 o'clock, to

March 2, 3 o'clock. This series of observations commences at the jet-

ties of the South Pass of the Mississippi River and extends directly

out into the Gulf of Mexico for the distance of about 75 nautical miles.

The course of the ship from the jetties was SB. J E.; average speed

a little over 8 knots; wind light from the NE. The 5.30 specimen of

water was taken from the river just inside the mouth of the jetties;

at G o'clock the ship was about 5 miles out; after that, 8 miles may be

added to the distance for each hour. It will be seen that at 50 miles

from its mouth the river is practically lost in the Gulf, and at 75 miles

all influence upon the density of the Gulf water has disappeared.

REPORT OF THE NATURALIST, MR. JAMES E. BENEDICT.

The first cruise of the Albatross in 1885 began on the 3d of January,

when the ship sailed from Norfolk, Va., for the Gulf of Mexico. Dredg-

ing began on the 5th, when four hauls were made with the beam
trawl, resulting in the capture of many invertebrates and fish. Captain

Collins set a large trawl line in the morning, but succeeded in takiug

only three fish. Surface collecting was carried on with vigor. We ar-

rived in Key West on the 9th, where some of us collected birds for the

practice in skinning. Dr. Bean and Captain Collins made several hauls

along shore with the capelin seine. The bottom was too rough to accom-

plish much in this way.

On the 15th of -January the ship sailed for Havana, making several

good hauls on the way. Several days were spent off Havana using the

tangles for sea-lilies and other echinoderms, corals, and hydroids. In this

work we were very successful, the tangles usually coming up so well

filled with specimens that it was necessary to put on a clean tangle

while the one from the bottom was being picked over. The work in this

locality is interesting, as it is on a fishing ground frequented by small fish-

ing craft from Havana, which have from time to time brought in some of

the rare invertebrates and fish. The bottom is so rough that it was

no uncommon thing for the tangles to catch, and it required careful

maneuvering of the ship to free them without loss of the outfit. After

leaving this place the ship cruised to the westward through the southern

portion of the Gulf, dredging and doing surface work when there was



[59] WORK OF STEAMER ALBATROSS. 61

any occasion for it. From one haul a barrel of siliceous sponges was
saved; also very many specimens of a small worm belonging- to the

family Eunicidse.

On the 23d of January the Albatross dropped anchor off the town of

San Miguel, island of Cozumel. After arrangements had been made
by Captain Tanner with the magistrate of the island the naturalists were

allowed to go ashore and collect. Duringthe stay of aboutsix days nearly

two hundred bird-skins were made, and more than that number of birds

preserved in alcohol. From this collection of birds Mr. Ridgway has

described sixteen new species and several sub-species. Dr. Bean and

Captain Collins made several hauls with the seine and captured several

new species of fish, and also some very desirable known species. The
reptiles are said by Professor E. D. Cope to be interesting and to indi-

cate a rich fauna. Only three species of mammals were taken.

On the evening of the 29th we steamed away from Cozumel, and on

the 30th made seven hauls on Campeche Bank in water from 21 to

27 fathoms in depth. Some of the hauls showed good food bottom and
added some fine invertebrates to our collection. A number of good-

sized fish were caught with hook and line, after which we left the bank
and steamed straight to Pensacola, Fla., where we remained several

days.

A short cruise was made to the red-snapper fishing grounds off Pensa-

cola on the 7th of February. Eight hauls were made, which will, I think,

show the relative abundance of the different invertebrates at this locality.

From Mr. Silas Stearns, a prominent correspondent of the Fish Com
mission, living in Pensacola, we learned that while the red snapper

was not in danger of extermination, as some think, the limited extent of

its range along the Gulf coast of Florida makes it possible to over-fish,

and so deplete the waters that it can no longer be sought with profit.

Already the Pensacola fishermen are obliged to go farther south than

formerly. Shortly after this, the Albatross sailed for New Orleans,

where the vessel remained until March 1.

During the latter part of March large collections were made on the

more southern red-snapper banks of Florida. At Key West Captain

Collins made a careful study of the fisheries which supply that city and

export fish to Cuba. On the way to Washington an unsuccessful effort

was made to take tile- fish on around where, from the nature of the bot-

tom, depth, &c., we thought it possible that they might live. We ar-

rived at the Washington navy yard on the 6th of April.

The second cruise began on the 2d of June at Norfolk, Va., and

ended at Washington on the 8th. The object of this cruise was to

make trials with the trawl line from Cape Charles to Cape Hatteras in

water of suitable depth for tile-fish. Early in the morning of the 3d

the ship was 70 liiiles east of Cape Charles. Here the first hauls were

made with the beam- trawl, which brought up a large number of Muniilce.

The trawl line, which had been baited the night before, was then set
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ill the same place, but without result, not eveu a dogfish being taken.

From this station we gradually worked south toward Cape Hatteras.

Life was fouud to be less and less abundant as we proceeded. Cancer

borealis and Eupagurus politus,the latter in the shells of Neptunea, were

common. The bottom in this region to a depth of 100 fathoms seems

to be a drift unsuitable for sponges, corals, and other things which af-

ford hiding-places for small fish and the iuvertebrates, upon which they

feed. The bottom is composed of sand and mud mixed with many
broken shells and a few living ones. Worms belonging principally to

the Nephthydidai and Lumbricuneridai are not uncommon. A few of

the larger forms of foraminifera are also found. Hand-lines were used

in the afternoon of the 5th. Two specimens of Gaulolatilus chrysops

Gill, an Epinephelm, and several specimens of ISerramis were caught.

Among the surface animals taken was Argonauta argo. An effort was

made to keep this alive, but did not succeed. The ship arrived in

Washington on the Sth.

The Albatross left Washington on its third cruise on the 13th of

June. After taking in bait at Newport, R. 1., it cruised to the eastward

and then north, putting in to St. John's, Newfoundland, making various

soundings and dredgings on the way. After a stay of a few days at

St. John's the ship cruised about the Banks, dredging when possible.

Very often the nets of the trawls and dredges came from the bottom

so badly torn that it was necessary to replace them before more work

could be done. In many places the bottom was covered with bowlders

of different sizes; in others it was smooth aud sandy ; in sueh places

Ecliinarachnius parmawere taken in large numbers, with now and then

a hermit crab, small flounders, and sculpins. During this cruise one

hundred and nine hauls were made. The invertebrates were for the

most part well known. The notes on the fish and the fishermen were

made by Captain Collins, and are to be written out at some future day.

The Albatross reached Wood's Holl on the 16th of July.

The Albatross put to sea from Wood's Holl for a short cruise on the

tile-fish ground in the evening of August 6th, and returned on the 12th,

having made twenty-eight hauls with the trawl, and having set the

long trawl line five times. Collecting on the surface was carried on with

good result. Squid and flying-fishes were taken with the aid of the

electrie light. A dolphin (Delphinus delphis) was harpooned by Mr. (.1.

A. Miller. This being a common speeies it was turned over to Dr.

Libbey for histological purposes.

The eruise of the Albatross beginning August 27 and ending Sep-

tember 5 is of especial interest on account of the great depth of water

in which the principal dredging was done. The average depth of water

at the first eleven stations was l,923~j fathoms. At eight of these sta

tions numerous bottom specimens were obtained. The success of the

surface collecting was unusual. As heretofore much assistance was
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given by the crew, some of whom were nearly always at hand with

scoop-nets ready to capture anything coming within reach.

The large surface net was used after dark with the best results. In

the day-time it was not so successful. Some of the more interesting

surface hsh were placed in the aquarium and brought into Wood's Holl

alive. Three specimens of Argonauta argo were placed in jars, and the

water was kept running through in the hope of keeping them alive.

One lived for three days, and was killed not unlikely by the change in

the temperature of the water from 75° to 00° F. Early in the evening of

September 2 a petrel flew on board, blinded, no doubt, by the electric

light. As soon as convenient the bird was skinned; and upon the ar-

rival of the ship in Wood's Jloll it was sent to Mr. Uidgway, curator

of the department of birds, National Museum. Mr. Iiidgway found

the bird to be the Pelagodroma marina (Lath.) of Australia, and never

before found in the North Atlantic and but twice in the South Atlantic.

The position of the ship when the bird was taken was latitude N. 43°

34' 18", longitude W. CG° 01)'.

The sixth cruise was from Wood's lfoll, and lasted from the 17th to

the _55th of September. Ten hauls were made with the beam-trawl, and

more than the usual time was spent in surface collecting. Our large

surface nets were used as often as possible, one from each side of the

ship. These nets strain water through their meshes at the rate of nearly

12,000 gallons per minute when the ship is moving at the rate of 2 miles

an hour. At the rate of 10,000 gallons per net the amount of water

strained in an hour would be for both nets 1,200,000 gallons. The use of

this net began with the first cruise of the year, and has been very satis-

factory, only the very smallest objects escaping through its meshes. As
might be expected from the large amount of water passing through it,

many rare forms offish and invertebrates are taken during a cruise.

The last cruise was from New York to Washington, going south as

f;ir as the coast of North Carolina. Leaving New York on Oetober 15, the

ship sailed southward, stopping to do surface work morning and even-

ing whenever practical. Before daylight on the Kith the large net was

put over and towed for an hour, taking hundreds offish of one species

and a few of a dozen others. The invertebrates taken at the same time

were numerous and interesting. Among the mollusks were several

species of Salpse, Pteropods, Heteropods, and one small male argo-

naut. The preservation of the large amount of varied material taken

by the net requires the attention of at least one collector the greater

part of the time. During the cruise thirty-seven hauls were made,

Nos. 2592 to 2628, inclusive. The last five were on very rich ground in

water about 250 fathoms in depth. The ship reached Washington ou

the 24th of October.

The number of hauls made on the various cruises is three hundred

and eighteen.
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Record of hydrographic soundings of the U. S. Fish Commission steamer Albatross, during
the year ending December 31, 1885.
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Record of hydrographic soundings of the U.S. Fish Commission steamer Albatross, during
the year ending December 31, 1885—Continned.

086
007
668
660
670
671

07)

07.".

(170

077

078
079
I,HI

681

682

Date.

1885.

Mar. 10

Mai-. i(i

Mar. 10

Mar. 10

M;ir. 10

Mar. 16
Mar. 10

Mai. 10

Mar. 16
Mai. 10

Mar. 10

Time.

Mar. 16
Mar. 16

Mar. IS
Mar. IS
Mar. IS

Mar. 18

Mai. 18

Mar. 18

683 Mar. Ill

684 Mar. 19

(,s5

OSS

689
090
691

092
09:1

094
69:"i

090
097
698
699
700
701
702
7o:i

70)

71 I

71.".

710
717
718
719

724

Mar. 19

Mar. 19

Mar. 1

9

Mar. 19
Mar. 19

Mar. 19

Mar. in
Mar. 19
Mar. 19
Mar. 19

Mar. Ill

Mar. 1!)

Mar. 19
Apr. 1

Apr. 1

Apr. 2

Apr. :•

Apr. 3

Apr. l

Apr. 4

Apr. 4

Apr. I

Apr. 5

Apr. 5

Apr. 5

Apr. 5

Apr. 5
A pr. 5

Apr. 5

Apr. r>

Apr. 5

Apr. r.

Apr. .".

Apr. 5

Apr.
Apr.
.liar- 3

June 3

.Juno 3

.Juno 3

7 '.".
.1 une

726 Juno
727 hum
728 .III lie

729 lime
to .1 nue

Juno

2. 46 p. m.
3. 32 p. in.

4. 15 p. m.
5. 00 p. m.
5. 42 p. m.
6. 23 p. in.

7. 0."> p. in.

7. 47 ]>. m.
8. 26 p. in.

9. OS p. in.

9. 4.". p. m.

10. 24 p. in.

11.00 p.m.
11.00 a. in.

12. 30 p.m.
2. 17 p.m.
3.10 p. m.
5.06 p. in.

5.40 p. in.

5. 22 a. in.

6.10a.m.

7.53 a. m.

8. 37 a. in.

9. 23 a. in.

10.20 a. m.
12.00 in.

12.39p.m.
1. 26 ]>. in.

2. 15 p. m.
2. 59 ii. m.
3. 38 p. m.
4.19 p.m.
4. 56 p. m.
5. 34 p.m.
5. 20 p. in.

5. 55 p. m.
11.33 a.m.
5.03 p.m.

10.01 p.m.
1. 59 a. m.
5. 40 a. in.

10. 18 a. in.

6.20 p.m.
5. 00 a. m.
5.27 a.m.
5. 41 a. m.
6.05 a.m.
7. 02 a. in.

8. 09 a. m.
11. 11 a. m.
1.30 p.m.
4. 10 p. m.
">. 32 p.m.
7. 20 p. m.

10. 12 p. in.

1.20 a.m.
4.30 a. m.
1.39 a. in.

6. 37 a. m.
9.40 a.m.

10. 45 a.m.

2. 50 p. m.
3. 52 p. m.
f. 20 a. in.

7. 45 a. in.

8 35 a. in.

5. 41 a, in.

4.47 a. m.

Position.

Lat. N.

28 11 45
28 07 45
28 03 45
27 59 40
27 55 30
27 51 30
27 50 00
27 49 00
27 48 10

27 17 30
27 40 45

27 40 10

27 40 00
27 16 00
27 08 30
20 58 00
26 53 00
20 42 30
26 38 00
26 28 15
20 23 15

20 12 30

20 04 30

25 54 00
25 49 00
25 1! 30
25 29 30
25 34 30
25 29 30
25 21 30
25 19 30
25 14 30
25 09 30
31 55 00
31 54 45
33 21 30
33 35 00
36 30 00

36 4.". 00
36 57 30
37 01 08
37 09 23

37 03 00
37 03 45

37 03 40
37 03 30

37 03 00
37 04 30
37 05 00
37 02 30
36 59 00
30 57 30
37 07 30
37 32 00

37 54 00
38 07 30
37 07 30
37 08 00
37 08 20

37 09 30

37 10 15
37 11 30
30 40 30
36 13 00
30 43 00
30 43 00

35 20 0J

Lone. W.

83 59 10
83 55 40
83 52 15
83 4s 50

83 45 25
83 42 00

83 30 15

S3 30 30
83 24 45
83 19 on

83 13 15

S3 07 30
83 02 oo

S3 10 00

83 19 30
83 22 30

83 24 00
S3 22 45
83 20 00
S3 11 00

83 11 15

83 06 30

S3 03 45

S3 01 00

82 59 30
S3 01 00
83 02 30
83 01 00
83 01 00
83 01 00
S3 00 00
82 59 30
82 59 00
82 59 00
79 20 00
70 17 00
77 09 00
70 42 15
73 14 oo

73 28 00
73 47 00
74 10 00
74 30 30
71 39 00
74 37 10
71 35 00
74 33 30
74 33 00
74 32 Oil

7 4 57 30
75 22 oo
7.". 45 00
75 58 00
70 OS 30
70 08 00
76 09 00
70 32 00
71 31 00
74 34 45
71 31 on

74 33 45

74 31 00
71 32 30
74 42 00
74 41 00
7) 12 00
7) 10 30
74 42 00

Lbs.
14
14

14

14
14

14
14

14

14
14
14

14
14
14
14
14
14

14

14

14
14

14

14

Depth.

14 T.
14 T.
14

14

14

14

Fins.

22
22
21
20
is
10'

15"

12

10

8

18

Temperature.

Character of
bottom.

27
27
27
27
54
86
71

ill

2, 340

1,040
1,430
1.208
330

50
51

54
59
t>7

98
24
17

9

6

T.
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Record of hydrographic soundings of the U. S. Fish Commission steamer Albatross, dur-
ing the year ending December 31, 1885—Continued.

Date. Time.

1885.

June 5
June 5
June 5
June 5
June 5

June 5
June 5
June 5
June 5
June 6
June 6
June 19
June 19
June 19
June 19
June 19
June 19
June 19
June 20
June 21
June 21

June 21
June 22
June 22
June 22
June 22
June 23
June 23
June 23
June 23
June 24

.

June 24
June 24
June 24
June 24
June 25
July 2

-July 3
July
July
July
July
July
July
July 4
July 4
July
July
July
July
July
July
July 5
July 5

July 5

July 5

July 5

July 5

July 5

July 5

July 5

July 5

July 5

July 6

July 6

July 6

Julj 6

July (i

July 6

July 6

July C

July 6

July t>

5. 38 a. m.
6. 04 a m.
6. 22 a. m.
1. 42 p. m.
2. 11 p. m.

2. 36 p. m.
2. 46 p. in.

4. 03 p. m.
6. 42 p. ru.

5. 38 a. m.
6. 23 a. m.
5. 45 a. m.
8. 37 a. m.

11. 45 a. m.
1. 50 p. m.
3. 30 p. m.
4. 55 p. m.
G. 45 p. m.
G. 05 a. m.
4. 15 a. m.
4. 20 p. m.
9. 50 p. m.
1.12 a. ni.

3. 45 a. m.
12. 50 p. m.
8. 20 p. m.

12. 48 a. m.
3. 42 a. in.

11.33 a.m.
1.32 p.m.
8. 55 a. m.
9. 39 a. m.

10. 44 a. m.
6. 28 p. m.

11. 00 p. in.

4. 59 p. in.

11.20 p.m.
2. 45 a. m.
3. 32 a. m.
5. 04 a. in.

1.09 p.m.
1. 53 p. m.
2. 41 p. m.
3.16 p.m.
3. 37 p. in.

4. 05 p. in.

8.33 p.m.
4. 02 a. m.
4.26 a.m.
6. 27 a. ni.

7. 2(5 a. m.
9. 20 a. m.
9.51) ;). in.

1.10 p.m.
2.03 p. m.
'.'-. 26 p. m.
2. 50 p. ni.

3. 43 p. m.
4. 04 p. m.
4. 23 p. m.
4. 43 p. m.
5. 38 ]>. in.

6.28 p. ni.

12. 43 ;i. ni.

2. 44 a. m.
3. 35 a. m.
5. 12 a. m.
6.31 a. m.
7. 50 a. m.
9. 05 a. in.

10. 52 a. in.

12. 35 p. m.
1.48 p. m,

Position.

Lat. N.

35 26 30
35 27 00
35 27 15
35 12 00
35 12 15

35 12 30
35 12 45
35 13 00
35 11 00
34 58 00
34 59 00
41 15 30
41 18 15
41 19 23
41 23 20
41 2(5 15
41 22 00
41 20 30
40 40 30
40 21 00
40 24 30
40 18 00
40 16 00
40 13 00
40 55 30
41 51 00
42 18 30
42 37 00
42 51 30
42 56 00
43 38 00
4:: 38 00
43 38 mi

44 26 00
44 57 00
40 29 00
40 02 30
45 :,| mi

45 .

r
i2 00

45 49 45
44 21 30
44 22 50
44 24 10
44 25 30
44 2G 00
44 27 00
44 30 30
44 05 15
41 05 15
4i OG (II)

44 06 30
44 11 00
44 13 30
44 24 45
44 26 30
44 28 30
44 28 30
44 29 00
44 31 00
44 33 00
44 35 00
44 35 (K)

44 39 00
45 03 00
45 16 00
45 21 30
45 27 00
45 24 00
45 21 30
45 18 30
45 14 00
\ , n'.i 30

45 07 00

Long. "W".

74 44 00
74 46 00
74 42 30
75 09 30
75 05 00

75 03 30
75 02 00
75 01 00
75 07 00
75 12 00
75 13 00
64 23 00
63 55 00
G3 35 30
63 23 15
03 15 00
63 10 00
G2 57 00
GO 33 00
56 27 00
54 24 00
53 39 30
53 1G 30
53 02 00
52 02 30
51 31 00
51 16 00
51 05 30
50 55 00
50 50 00
49 42 00
49 34 30
49 27 00
49 33 00
49 38 00
49 39 30
53 20 00
53 53 00
53 59 00
54 06 30
56 52 15
56 56 30
57 00 40
57 04 45
57 06 15
57 09 15
57 12 45
57 14 15
57 15 30
57 17 00
57 17 00
57 14 45
57 13 45
57 10 15
57 10 45
57 10 45
57 12 45
57 14 45
57 14 45
57 14 45
57 14 45
57 12 15
57 17 00
57 56 00
58 1) 45
58 18 45
58 28 15

58 36 45
58 44 45
58 52 45

59 08 15

59 25 15

59 28 45

.59

Lbs.
35
20
20
35
20

20
20
20
20
20
20
60
35
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
35
35
18
18
18
18
18

18
18

35
35
35
35
35
35
35

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
18
18

18

35
35
35
18

18

IK

18



[73] WORK OF STEAMER ALBATROSS. 7r,

Record of hydrographic soundings of the U. S. Fish Commission steamer Albatross, dur-
ing the year ending December 31, 1885—Continued.

Date.

July
July
July
July
July
July
July
July
July
July
July
July
July
Jnlv S

July 8
July 11

July 12

July la
July 12

July 13
July 13
July 13
July 13
July 13
July 13
July 13
July 13
July 13
July 13

July 13

July 13

July 13
July 13
July 13

July 13
Aim. 8

Aug. 8

An?. 8

Aug. 8

Aug. 8
Aug. 8

Aim. 8

Aug. 8
Alio-. 9
Aim-. 9

Aug. 10

Aug. 10

Aug. 10

Aim. 10
Aug. 10
Aug. 31

Sept.. 1

Sept :;

Sept. ik

Sept. 19

Sept 19
Sept. 20
Sept. 20
Sept. 21
Sept. 21

Sept 21

Oct. 17
Oct. 18
Oct. 20

Time.

2. 30 p. m.
2. 50 p. m.
3. 47 p. m.
9. 03 p. m.
9. 43 p. m.
4. r2a. id.

4. 39 a. in.

5.21 a. m.
6. 24 a. m.
7.34 a.m.
8. 15 a. m.

11. 37 a. m.
12. 17 ]). in.

10.40a.m.
12. 17 p. in.

10. 23 p. in.

12. 08 p. m.
10. 00 p. m.
11.59 p.m.
2. 00 a. m.
G. 42 a. in.

6. 51 a. m.
7. 04 a. m.
7. 23 a. in.

7. 44 a. m.
7. 59 a. m.
8. 20 a. m.
9. 24 a. m.
9. 48 a. m.
10.16 a.m.
11.54 a. m.
12. 19 p. m.
12. 37 p m.
12. 50 p. m.
1.09 p.m.
5. 02 a. m.
5.43 a.m.
10.50 a.m.
11. 23 a. m.
12.01p.m.
3. 3G p. m.
0. 0.3 p. m.
8. 20 p. m.
3.08 a.m.
7. 14 p. m.
3.01 a. m.
4. 18 a. in.

4. 57 a in.

5. 34 a. m.
7. 42 p. in.

5. 00 a. m.
4. 09 a. m.
4. 15 a.m.
1. 25 p. m.
8. 52 a. m.
9. 41 a. m.
4. 10 a. m.
6. 54 a. m.
4. 00 a. m.
6. 42 a, m.
7. 30 a. m.

10. 27 a. m.
10. 36 a. m.
8. 35 a. m.

Position.

Lat N.

45 06 00
45 05 00
45 03 00
44 36 00
44 32 30
44 40 00
44 39 30
41 38 00
41 32 00
44 28 00
44 26 30
44 19 00
44 22 00
44 29 30
44 30 30
43 12 00
43 01 00
42 12 30
42 0."> 00
41 58 oo
41 49 50
41 49 30
41 49 00
41 47 00
41 44 30
41 44 45
41 42 45
41 42 00
41 4!) 30
41 42 30
41 55 10

41 55 50
41 50 25
41 57 00
41 5;-! 00
39 57 15

10 00 15
39 59 oo
39 50 If.

39 53 28
39 50 00
39 .".I 30
39 52 30

39 51 15

39 49 00

.39 41 30

f>39 17 1.".

39 49 40
:;.) 5 !

ii.'

39 41 00
38 45 00
39 44 00
40 52 30

39 47 oo

39 U oo

39 05 30
39 01 00
39 o:. 30
39 04 30
39 02 00

38 58 30
::;> 02 on

34 38 00
33 40 30

Long. W,

59 31 30
59 34 00
59 39 45
59 51 45
59 16 45
59 53 45
59 57 45
CO 03 45
60 11 15
60 1G 15
60 21 45
00 4li 45
00 14 15
03 II 00
63 19 00
04 00 30
01 45 30
05 14 00
65 22 00
0;, 30 00
05 45 30
05 45 30
G5 45 ::o

05 47 15
or, 47 00
05 45 30
05 45 45
05 45 30
05 45 00
05 44 15

05 14 00
65 42 30
or, 41 00
05 39 40
05 :!7 30
70 23 30
70 24 00
70 22 45
70 21 30
70 20 30
70 20 45
70 15 30
70 21 00
70 29 00

70 42 00

71 20 30
71 21 30
71 27 30
71 30 1(0

71 4! 00
68 04 00
67 03 00
0". 07 OO

71 39 45
72 2:: 00

72 25 30
72 16 00
72 20 00
7:: 02 00
72 59 30
7 J 55 00
75 09 30
75 32 00
77 37 00

Lbs.
18

18
18
18

IS

18

18
IS

IS

18
IS

IS
is

18
18

IS

IS

IS

18

18
is

IS

18

IS

18
is

is

IS

18

18
is
IS

18

is

IS

is

IS

18
IS

35
:;:.

35
35

35

35
35
35
35

00

60
60
25

35
::5

:;:,

:;:,

35
35
35
35
18
18

Depth.

Fvis.
48
52
58
48
70
48
54
57

74
33
20

63
54

51
40
54
47
100
74

339
85
82

81
75
79
81
82
SI

27 s

303
129
136
175

170
12S

234
154

107
233
300
237
344
416
315
452
502
297

298
2110

37S
1.9(9
2. 009

2, 009
201
O.V.I

519
877
715
47
47
55
197

210
15

Character of
bottom.

yi-s
vl.S
yi-s
y). S. O
me. wli. S
S.G
S. brk.P
i'110. gv. bk. S
S.G.'
s.<;

S.G
vi.s. p
yi.s
hid
R
hrd.
hrd
G . . . .

era. G
bu. M
S.G
S.G
S.<;
s G
sir. bu. C.G
s.<;

S G
era. S.G
wh S. bk.Sp
S. 1>

era S.G
In.!

blk.Sh
brk.Sb
1*

gn.S
gn.S.bk.Sp.
mi. S. bk. Sp.brk.Sh.
gn.M.S
Cii. M. S
gn. M
gn. M . . _

atf.gn. M
hr<K .

g,V. M -

•A"- M
SJ Oz
gn.Oz
gn. M ... ...

£n. S
It. bu. Glob. Oz - ...

uv.it/
yl.Glob.Oz
gn. M
•:u. n
gn.H

S.v. M
cis. gy. S. bk. Sp . .

.

cis. gy. S. bk. Sp
crs.dk. gy.S
gy. M
gn. M
fno.'gy. S. Ink. Sh.

.

Temperature.

25. 8
:::.. 2.

34. 8

34. I

34. 6

37. 8
38. 7

42. 3

I
'

45. 2

41.0
46.2
45. 7

41.9
40.6
41.6
43. 9

39 1;

II.

39.

39 3

39
Id

43.6
39.

36 1

36.8

;-. .

39
<•)

38. 7

48. S

48. S

50. 9

40. 7

*Wiie parted, losing thermometer and 800 turns of wire.



YG REPORT OF COMMISSIONER OF FISH AND FISHERIES. [74]

Table offishing stations of U. S. Fish Commission steamers J''ish

Date.

1880.

Sept. 13

13

1881.

Aug. 9

23
Sept. 21

1882.

Aug. 22
<)<t. 4

1883.

M;i\ 25
26

Sept. 20
20
2 J

Nov. 9

9

12

1881.

Aug. 1

2
:i

3

6

Sept.

1885.

Jan.

-.'7

Mar.

4.45 a. m.
3.12 p.m.

6.15 a. in.

4.20 a. in.

G.00 a. in.

5.58 a. in.

6. 15 a. in

Position.

Lat. N. LonirAV

39 57 00 7(1 56 001126

39 48 3070 54 00 250

40 01 00 71 12 30
40 03 00 70 31 00
39 58 00 70 00 00

40 02 00 70 35 00
40 on (iii7(l 37 oo

111

5.15 a.m. 40 05 'jr. 70 28 00
1.05 p.m. 39 II!) 0072 19 55
6.56 a.m. 40 05 oo To 34 45
2.45 p.m. '40 01 50 70 39 20
5.30 a in. 10 01 50 1Q 59 00 117

8.21! a. in. 35 1!) 30|75 L5 20 16

ll.oo a. in. 35 16 00 7". 02 301 48
7.59 a. in. 36 16 15 74 51 20 40

41 03 30 71 08 00 I-

5.24 a. in. 40 03 00 70 38 00 Ml
L.08 p.ui. 4o 00 1570 55 30136
5.13 a. in. 40 01 30 71 12 30 113
I r.l p. in. 39 51 30 71 08 002:::.

11.24 a. in. 39 56 30:69 43 00 84

41 03 30 1\ 08 00 18

8.20 j! in. lo 46 3009 50 15 18

0.47 a. in. 32 55 00 77 54 on

10.38 a. in. 22 07 30 67 06 oo
II :;7 a. m. 22 08 40 87 06 oo
8.11 a. in. 29 in 3085 34 00

.00 in

.36 a. in

.46 a. m

.50 a. in

.4.". a. in

.56 a in

.12 p. in

.48 p. in

.03 p. in

.22 p in

.18 p. in.

.20 p. m

.48 a. in

.44 a. in

00 a. in

.Ida. in

.38 a. in

.02 a. in.

24 Q. in.

45 a. in

03 a. in.

36 a.m.
.'•'.) ,i. in

.in p.m.

.33 p.m.
56 p. in

16 p.m.
36 p.m.
55 p.m.
10 p.m.
23 p in.

57 p.m.
16 p.

m

32 p.m.
48 p.m.
o7 p.m.
24 p in.

40 p.m.

15 10 85
20 15 00 88
29 21 00 88

29 28 0088
29 24 30 88
20 28 00 87
!9 24 00 87
29 27 30 87
9 32 00 87

29 33 00
19 36 30
9 40 30

29 16 in

29 16 00
29 17 20
29 18 40
19 2o no

29 lit 00
29 18 15

29 17 30
20 16 45
!9 16 00
20 15 11

29 15 108
29 15 108
29 15 40 85
20 10 15 85

29 l."> 00,85
!9 11 00185

29 13 00 85
29 12 30 85
29 15 KH85
29 10 30,85
20 17 10185

29 17 50 85
29 18 30 85
29 19 1585
20 19 40185

34 00

06 oo

04 00

03 00
ni on
:,(> 00
52 00
48 30
45 00
39 On

30 oo

32 30

49 30
47 30
45 30
43 30
41 30
41 45
41 00

40 15

39 30
38 45
38 (in

37 01

36 00
35 15

34 30
34 30
33 30
32 30

32 00
::i 3d

36 OH

30 30

37 oo

37 30
38 00
39 20

Character of bottom.

Tempera-
ture.

S.M...
M

S.M
S.M
S. Ink. SU

gy. M
S

gy. M.S....
gy. M.S....
bu. M
gy.s
gn.M
s. Sb
bu. M.S....
gy. S. G . . .

.

S. G
gu. M. I'm'. S.

gn.M.S
gn.M.S
en.M.S ....

S. Ink. SU ...

S. (1

S. l.k.Sp ....

S.l.k.Sp
wli. S. (!o

S.Co
gy.and bk. S.andSh

py. and bk. £
bii.M .. -.

S.G.brk.Sh.
gy.s

and Sh

yl.S.bk.Sp
isy. S. brk.Sb
I'm-, gy. S. lik. Sp
<-rs S.' l.k.Sp. Ink. Sli

ay. S.l.k.Sp
cis. S. lik.Sp. brk.Sb
the. wli. S
fne. w li. S
gy.S. bk. Sp.brk.Sh..
v'l.S. bk. Sp. Ink. Sh ..

yl.S. Wk. Sp. Ink. Sh ..

vl. S.l.k.Sp. brk.Sb ..

vl. S.l.k.Sp. Ink. Sli .

vl. S. lik.Sp. Ink. Sli ..

Vl.S. l.k. Sp. bik. Sh ..

yl. S. bk. Sp. brk. Sh ..

Vl.S. l.k.Sp. Ink. Sb ..

yl. S. bk. Sp. brk. Sb ..

gy. S. bk. Sp
the. gy. S. bk. Sp
fne. gy. S. bk. Sp
fne. gy, S
era. B. l.k. S. Sh
wh.S. l.k. Sp. Sh
I'm'. S. l.k. Sp
fne. \vh. S. bk. Sp
.•vs. S. l.k. Sp. Sh
fne. wli. S. l.k. Sh ...

fne. wh. s. hk. Sp
fne. wli. S. hk Sp
I lit- S. l.k. Sp. Ink.Sh
gy. l.k. S. brk. Sh ....

gy. bk. S. brk. Sh ...

gy. bk. S. brk. Sh ....

72 69.

68 66
07 07

62
01
60

01
(it

64
02
61

61

60
59
58
58
58
01

60
60 01

60 61

Gl 60
(11



[75] WOKK OF STEAMER ALBATROSS.

Hawk and Albatross, September V3, 1880, to October 20, 1885.

77

00

11
— -

&•«
.-. «
H



78 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [76]

Table offishing stations of U. S. Fish Commission steamers Fish Jlawk

Date.

1865.

Mar. 7

7

7

7
7

8
8
8
8
8

8
8
8

8
8
8
8

15
15
15
15

15
15
15
15

15

15
15-

15

15

15

15
16
16
16
16
16
16
16
Hi

16

10
J 6

16
16

16
16

16

16

16
16
Hi

16
16
it;

16
18
18
I.S

IS

18

18
18
18
111

19
19
19

1!)

4.58 p.m.
5.15 p.m.
5.32 p.m.
5.45 p.m.
5.56 p.m.
5.56 a. m.
6.47 a. m.
7.34 a. m.
8.11 a. in.

8.22 a. m.
9.05 a. in.

9.24 a. m.
9.58 a.m.
2.56 p.m.
3.13 p.m.
3.25 p.m.
3.37 p.m.
1.53 p.m.
2. OS p.m.
2.20 p.m.
2.44 p.m.
3.17 p.m.
3.38 p.m.
3.53 p.m.
4.02 p.m.
4.12 p.m.
4.24 p.m.
4.5o p.m.
5.23 p.m.
5.45 pin.
0.02 p.m.
0.20 p.m.

0.22 a. in

7.05 a. iii-

. . •! a. in.

8.42 a.m.
9.2.' a. in.

10.50 a. in.

11.33 a. m.
L2.18 p.m.
1.02 p.m.
1. 15 p. 1,1.

2.46 p.m.
3.32 ]i. m.
4.15 p.m.
5.00 p.m.
5.42 p.m.
6.23 p.m.
7.05 p.m.
7.47 p.m.
8.26 p.m.
9.08 p.m.
9.45 p.m.
10.24 p.m.
11.00 p.m.
11.06 a.m.
12.30 p.m.
1.12 p.m.
2.17 p.m.
3.10 p.m
5.06 p.m
5.40 p. in

o.2i p.m
5.22 a. m
6.10 a. m
6.50 a. m
7.5:; a. in

8.37 a. m
9.23 a. in

Position.

Lat. JN. LongW

85 40 40
85 42 00
85 42 50

85 43 15
85 43 15

85 42 30
85 -11 OO

85 40 15

85 42 00
85 44 00

85 45 no

85 45 40
85 46 2 J

85 .10 00

29 20 05
29 20 30
29 19 45
29 19 20
29 19 00
29 16 15
29 16 45
29 15 20

29 17 45
29 20 30
29 19 30
29 20 15
29 21 00
28 51 20
28 52 10 85 09 20

28 53 00 85 08 40

28 54 00 85 08 00
28 48 110 81 36 00

28 47 00 84 35 50

28 46 00 84 35 40

28 4:. H0 84 35 30

28 44 oo 84 35 20
:* 4:; 0084 35 30
!8 42 01184 35 40
28 41 3H84 :;:> 50

18 4 1 00 84 36 00
18 in 45 84 35 30

28 40 00 84 32 4(1

28 12 0(184 29 50

28 43 20 84 28 00

28 41 00 84 27 00

28 41 4084 20 00
'8 50 INS] 32 30

28 45 0H84 33 If.

18 4'i 0H84 34 90

28 38 4". 84 28 30

28 32 4~>S4 27 00

28 28 00,84 25 00

28 25 0081 21 OH

28 21 00 84 18 oo

28 20 00|84 12 oo

28 19 4." 81 1,0 mi

28 !."• 45.84 02 35

28 11 45 83 59 10

28 07 45 83 55 40
28 03 45 83 52 15

27 59 40 8:; is 50
27 55 3083 45 25
7 51 30 83 42 00

27 50 00 8! 36 L5

27 49 00 83 30 30

27 48 L0I83 24 45
27 47 30|83 19 00

27 40 4.
r

27 46 10

27 40 00

27 10 00

27 08 30
27 04 00

10 58 00

20 53 00
20 42 30
'.Mi 38 III!

2i; :;:; 30
21 i 28 15

26 23 15

26 18 30
20 L2 30

20 08 30
20 .11 30

83 13 15

83 07 30

83 02 Oil

8::

83 19 .'ill

83 L'l I

83 22 30

83 21 oi,

83 22 4

83 20 00
8:! 15 30

83 11 00

83 11 1".

8:; 08 I

83 oo ::o

83 03 45
83 o! oil

Character of bottom.

gy. bk. S. Ink. Sh...
gy. bk. s. brk.Sk...
gy. bk. S. brk. Sh...
gy. bk. S. Ink. Sh . .

.

gy bk. S. brk. Sh . .

.

gy. bk. S. Ink. Sli . . .

-v. bk. S. brk. Sh ...

gy. bk. S. brk. Sh...
gy. bk. S. brk.Sli ...

gy. bk. S. brk. Sh . -

.

gy. bk. S. brk. Sh ..

gy. bk. S. brk. Sh ..

G. brk. Sli

gy. S. Ink. Sli

crs. gy. S. brk. Sh. .

.

gy. S. brk. Sh
gy. S. bk. Sp. brk. Sh
S.Co. ink. Sh
S.Co. brk. Sh
S.CO. Ink. Sh
S.Co. Ink. Sh
S. Co
S.Co. Ink. Sh
S. bk. Sp. Ink. Sh...
crs. bk. u\ .

s. < !o. . -

gy. S. bk.'Sp. Co
wh.S. bk. Sp. brk. Sh
wh. S. Ink. SI)

vl. S. bk. Sp. Ink. Sh.
Co
the. wh. S. brk. Sh .

.

ors. gy. S
brk. Sh
the. wh.S. lik.Sp- ....

fne. wh. S. bk. Sp. . .

.

fne. wh. S. Ink. Sh .

.

ors. gy. S. brk. Sh...C ..'.'.

crs. S. bk. Sp. Sh. . ..

irs. S. bk Sp. Sh
g.v.S
wh.S. bk. Sp. Ink. Sh
wh. S. bk. Sp. Ink. Sh
wli. S. bk. Sp.brk. Sh
wh. S. bk. Sp
the. gy. S. bk. Sp—
crs. S. brk. Sh
gy. bk. S
the. w h. S. bk. Sp
wh S. bk. Sp
crs. S. bk. Sp. brk. Sh
gy.S. ink. Sh
gy. S. bk. Sp
i'i s.gj .S.bk.Sp.brk.Sh
crs. gy. S. lik. Sp
gy. S. bk. Sp. In I,. So
gy.bk. S
crs. gy. bk. S .

crs. gy. S. Ink. Sh...
crs. a Y- S. Ink. Sli .

.

wh. S. hk. Sp. brk. Sh
crs. S. bk. Sp. brk. Sh
crs. S. lik. Sp
file. wh. S. lik. Sp .

.

Inc. wh. S. bk.Sp
ers.gy.S.bk.Sp.brk Sh
fne.gy.S.bls Sp.brk.Sb
crs.gy.S.bk Sp.brk.Sb
Inc. wh.S. lik. Sp' ....

fne.vi h.S. bk.Sp* .

* Also brk. Sh.

Tempera-
ture.

63
63
63
63
63
on

59
60

60
60
on

(ill

00

05
05
05
65
63
62
01

00
59

62. 1

01

61

61

61

62

62

62

62

62
02

62
60
0:;

1

til

63
63
03
o:i

62

63
01
01

03

63

63

62
(il

01

02

62
02
02
(il

60

66
00
66
67
07
07

07

07

00

60
66
00

Object of
search.

( reneral
...do .

...do.

...do .

.. do .

...do .

.. <h. .

...do .

...do .

. do .

.. do .

...do .

do .

.. do .

...do -

..do .

.. .hi .

...do .

do.
.. .do .

...do .

.. do .

.. do .

.0.

. . (1(1 .

...do .

...do .

...do

.. do .

...do

...do .

...do .

...do .

...do

...do .

...do .

.. do .

do
...do
...do .

...do .

...do .

do
...do .

...do

...lo .

.. do .

.. do

...do .

...do .

...do .

...do .

...do .

...do .

do
.. (h. .

.. do .

...do

...de .

...do

...do .

...do .

.. do .

.. do .

...do

...do

...do .

...do .

...do .

...do .

Implement
used.

Hand-line
..do..
..do ..

..do ..

do
..do .

. do .

..do

..do ..

. do .

do
..do ..

..do .

. do ..
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Table offishing stations of U. S. Fish Commission steamers Fish Hawk
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Steering-card. Key West, Florida, January, 1885.
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NarraganeettHay. June 1885.
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Chesapea JceBay, October 1885.

Steering-card. Chesapeake Bay, October, 1885.
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II -REPORT ON THE WORK OF THE UNITED STATES FISH

COMMISSION STEAMER FISH HAWK FOR THE YEAR ENDING
DECEMBER 31, 1885.

By Lieut. L. W. Piemieyer, U. S. N., Commanding.

[Abstract.]

Ou January 1, 1885, Lieut. W. M. Wood, U. S. N., having been de-

tached from the command of this vessel, I assumed command, being

the next in rank in the naval branch of the service. From that time

until the 7th of that month I caused to be made such repairs as the

weather would permit, and made preparations for shad-hatching work

in Florida.

On the morning of the 7th, at 7.40 o'clock, the river being compara-

tively free of ice and the weather clear, I proceeded down the Potomac

River and Chesapeake Bay to Norfolk, Va., arriving at Norfolk at 9.20

a. m. on the 8th, having anchored off Fort Monroe during part of the

night. On February 1st I received orders to coal at the Norfolk navy-

yard, and ou the 2d steamed to the navy-yard and filled up with coal.

On March 15 received orders from Professor Baird to proceed to

Havre de Grace, calling at Saint Jerome Station for a scow to be towed

up. In obedience to these orders I got under way on the morning of

the 16th and proceeded up the bay. At G.20 p. m. came into Potomac

lliver. At 12.05 p. m. secured scow astern of ship, hoisted boats, and

steamed up the bay. In the morning of the next day, when within

3 miles of Battery Station, found the ice too heavy to proceed, and

anchored, but, finding that the ice was drifting the vessel ashore, got

under way and steamed toward Baltimore. Arrived at Baltimore and

secured to Hooper's wharf, where I repaired damage caused by the ice,

and awaited the disappearance of ice from about the mouth of the Sus-

quehanna Kiver.

On the morning of the 2d of April cast off from the wharf, steamed

up the river, took in tow a coal schooner with 40 tons of coal for the

station, and steamed towards Battery Station. Arrived off the Battery

at 5.25 p. m., and at 11.30 a. m. next day secured to wharf. During

the passage up, found most of the buoys displaced by the ice. Ke-

mained at this station until April 8. During this time the crew were

employed in dragging the seine-haul and clearing it of obstructions.

Li] 91
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On the morning of April 8, at 7 a. m., in obedience to orders of Pro
fessor Baird, got under way with Generals Heth and Smith, United
States Army, of the Engineer Corps, on board, and steamed towards

the Sassafras River to search for the wreck of two coal barges which
had suuk in the track of vessels bound up the bay. After cruising

about for some time in the supposed vicinity of the wrecks, getting

what information I could from fishermen, I was unable to find the wrecks.

I headed for Betterton and sent the launch ashore to bring oft' some
persons who knew the location of the wrecks. The launch brought oft"

Mr. Turner, who had reported the obstructions, and a fisherman whose
nets had fouled them. They piloted the vessel to the wreck buoys,

which we had seen, but which did not correspond with the description

of them given in the reports. They explained that the buoys had been

changed. After sounding with boats for a long time, it was found that

one buoy was entirely wrong; the other buoy was on the wreck of one

of the barges with 13 feet of water over it. We took up the first buoy

with our dredging-boom. General Heth went out with the two boats,

with a long line weighted with lead, and swept for the other barge,

which he finally fouud with 12 feet of water over it. I steamed up and

anchored the buoy, which we had taken up on the wreck. Tbe buoys

are 400 feet apart. I then steamed back to Betterton, landed Mr. Tur-

ner and the fisherman, then returned to Battery Station, aud secured

to wharf at 3 p. m.

The bearings (magnetic) of the wrecks are as follows : Grove Point,

SE. by E. £ E.; Turkey Point, NE. £ JST.j Sandy Point, Kf E.; lati-

tude N. 39° 23' 30" ; longitude W. 76° 03' 30". On April 9 Generals

Heth and Smith left the vessel.

April 24, at 3.45, started fires under main boiler. At 5.30 unmoored
ship and steamed up the Susquehanna, in obedience to orders from Pro-

fessor Baird. At 6.20 moored at coal wharf at Havre de Grace. Took

in 65 tons anthracite coal. Draught before coaling : Forward, 7 feet 4

inches; aft, 7 feet 6 inches. After coaling: Forward, 7 feet 10 inches;

aft, 8 feet 2 inches. Beceived Z^ro tons °f coa^ f°r steam launch.

Hoisted in steam launch.

April 25, at 5, unmoored ship and steamed down river and bay. At
10.20 passed the U. S. S. Wyoming, cruising in the bay with the naval

cadets for practice. At 12.30 p. m. passed Point Lookout aud proceeded

up the Potomac River, and on April 26, at 12.30, arrived at the Wash-
ington navy-yard.

April 29, George F. Nelson was appointed apothecary for duty on

board this vessel ; and on April 30, J. A. Kite, M. D., left the ship, hav-

ing resigned his position as assistant in the Fish Commission.

May 7, at 10.40, in obedience to orders of the Fish Commissioner, un-

moored and steamed around to the Sixth street wharf, Washington.

At 12.20 cast off and steamed down the river with party of fish cultur-

ists on board. At 2 p. in. turned oft' White House fishery and proceede4



[3] WORK OF THE FISH HAWK. 93

up the river. At 2.45 arrived at Fort Washington and secured to wharf.

The party left the ship to inspect the hatching station. At 5.25 the

party returned on board, unmoored ship, and steamed up the river. At
C.50 arrived at the Sixth street wharf.

May 16, at 8.30 a. m., cast off from wharf and steamed down Potomac

Elver. At 10 a. m. arrived at Fort Washington. At 11.30 a fire broke

out in the fort ; landed crew with fire-bnckets, and went to assist in put-

ting out the fire. The following named men were detailed to take spawn

under instructions : Jacob Svedlin, quartermaster ; E. W. Owens, cox-

swain ; John Baker, quartermaster; Andrew Solvin, seaman; Charles

Stiffinson, seaman. On May 17, the spawn-takers visited the fisheries,

and returned with 90,000 shad eggs, which were delivered to the sta-

tion.

May 20, at 11.55, in obedience to orders from Professor Baird, got

under way and steamed down the river, bound for the Delaware; and

at 9.25 on the 26th arrived off Gloucester Point, New Jersey. On May
28, the spawn-takers reported Bakeoven's fishery as having ceased fish-

ing for the season. At 7.55 p. m. the steamer Lookout arrived with

steam launch Cygnet in tow, and anchored near this vessel. Obtained

677,000 shad eggs to-day.

June 1, at 10.35, got under way and steamed down the river. At 11

stopped off Bennett's fishery, and I took some young shad ashore to

show the fishermen. At 11.55 steamed up the river. Deposited 330,000

young shad. On June 3, Faunce's fishery stopped work for the season,

and Frank N. Clark left the ship, having been connected with the shad

work since May 23. On the 13th, at 8 a. m., got under way and steamed

down the Delaware River.* At 12 arrived at Port Richmond, Phila-

delphia, and moored ship to coal wharf.

June 14, at 9.20, got under way and steamed down Delaware Eiver;

and on the next day at 7.50, passed Cape Charles and steamed up

Chesapeake Bay.

June 19, at 11.10, got under way and steamed out of Hampton Eoads.

At 1.40 anchored off Butler's Bluff in 5 fathoms of water, veered to 10

fathoms of chains. Took two spawn-takers in flat-boat and went to in-

spect trap-nets. At 3.30 returned to ship with 200,000 mackerel eggs.

On the next day these 200,000 Spanish mackerel eggs were dark colored

and did not seem to be thriving, owing to rust in the tank. At 9.20 of

this day arrived off Butler's Bluff with schooner Oriole in tow. Sent

four boats with spawn -takers to attend pound-nets. About 150 Span-

ish mackerel were caught in four pound-nets, but few found ripe. On
the 21st, of the 200,000 Spanish mackerel eggs obtained on the 19th, a

few had hatched, but all died, caused probably by rust in the water.

On June 23, W. P. Sauerhoff reported on board for duty in connection

with Spanish mackerel hatching.

* For a fuller account of the shad work of tbi.s season, see Bulletin U. S. F. C, 1885,

pp. :»5-y99.
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June 29, at 2.40 p. m., while unmooring snip from navy-yard at Nor-
folk the after mooring line parted, and the port propeller took against a
large spar fender across the slip, carrying away two blades of propeller.

On July G, the spawn -takers reported considerable numbers of Span-
ish mackerel taken, as many as S00 in a single pound-net ; they also

reported that the fish were either spent, or in various degrees of imma-
turity. On the 8th the spawn-takers visited the several pound-nets
during the day and night but obtained no spawn. Fishermen report a
large decrease in the catch of Spanish mackerel. At 2, the steamer
Lookout arrived and anchored near this vessel. At 3.15, the Lookout
got under way and proceeded to Hampton Eoads.

July 13, at 9.20 a. m., the steamer Lookout, with Assistant Commis-
sioner T. B. Ferguson, arrived and anchored near this vessel. Received
from the Lookout six small hatching cylinders in bad order. I visited

the Lookout, and the assistant commissioner visited this vessel and
inspected the hatching apparatus. At 11.20 the Lookout proceeded
down the bay.

July 15, at 4.30, the spawn-takers returned, having obtained from
gillers 500,000 good Spanish mackerel eggs. At 12.20 I went in steam
launch to inspect hatching operations at Cape Charles City and to

make arrangements for quartering spawn-takers. Returned with steam
launch at 2. Sent Mr. Cleaveland ashore at Cape Charles City to es-

tablish a sub-stotiou for the purpose of hatching Spanish mackerel.

F. J. Barry, machinist, and Charles Winters, boatswain's mate, were
sent with steam launch. The 500,000 Spanish mackerel eggs obtained

last night all died while under process of hatching.

On July 18, W. P. Sauerhoff and C. Stiffinson, spawn-takers, with

one flat-boat, were stationed on Tangier Island to attend pound-nets.

On the 20th, received 125,000 Spanish mackerel eggs; of this number,

30,000 good fish were hatched out on the 22d, and were inspected and
deposited in Tangier Sound at G p. m. of the same day.

August G, sent to Battery Station the hatching cones, frames, pipes,

cylinders, spawning buckets, and pans; and on the 9th, took a party

of men with me in the steam launch and second cutter; got pile-driver

under way and towed it into Fish Commission station at Saint Jerome,

Md., and returned to ship. On August 15, Assistant Engineer S. II.

Leonard, jr., reported for duty, relieving Passed Assistant Engineer I.

S. K. Reeves, detached from this date.

August 29, at G, got under way and steamed up the Chesapeake. On
September 1, hoisted in the steam launch, and at 8.15 got under way
and steamed down the bay. At 2 p. m. arrived at foot of Skinner &
Son's marine railway "and moored ship alongside of steamer Mary
Washington. On the Gth, the ship was hauled out on the railway to

clean bottom and put on new propellers. On the 11th, Messrs. Clark

& Co., machinists, took old propellers oh" and commenced fitting new
ones in place, with the assistance of the ship's crew. On September
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12, engineer's force and machinists from the shop were employed fitting

new propellers. At 4 the ship was launched from the railway and

moored to the wharf.

September 18, Passed Assistant Engineer I. S. K. Beeves left the

ship to report to Professor Baird for special duty, having been relieved

by Assistant Engineer S. H. Leonard, jr. At 12 got under way and

steamed out of Baltimore harbor. At 4.30 arrived at Battery Station

and moored ship to wharf.
k

September 19, at 7.30, unmoored ship and steamed up Susquehanna

Eiver.' At 8.05 arrived at Havre de Grace, Md., and moored ship to

Furnace coal wharf. At 4.50 unmoored ship and proceeded down the

Susquehanna Eiver. On the next day, at 5.30, arrived off Saint Jerome

Creek, Maryland ; and at 11.30 got under way and steamed down Ches-

apeake Bay.

September 24, at 12.45 a. m. got under way. At 2.10 Cape Henry

was abeam, and about 4 passed out of Chesapeake Bay, bound to Wood's

Holl, Mass. On the 25th, at 5.55 a. m., passed Sandy Hook and steamed

up New York Bay. At 8 arrived at the Brooklyn navy-yard, and moored

ship to wharf. The next day, at 10.45 a. m., left the navy-yard and pro-

ceeded up the East Eiver. On the 27th, at 5.30, arrived at Wood's

Holl, Mass., and moored to Fish Commission wharf; and on the 2Sth,

sent all articles of hatching apparatus ashore and stored them in Fish

Commission storehouse. Sent fyke-net to storehouse. On November

18, hauled ship to coal wharf and moored. Stored three flat-boats and

the black gig in Fish Commission storehouse. On December 3, Ensign

W. J. Maxwell reported on board this vessel for duty.

December 5, by order of Professor Baird, Isaac Scott, machinist, re-

ported on board this vessel for duty from steam launch No. 08, and F.

J. Barry, machinist, of this vessel, was ordered to report to Passed

Assistant Engineer I. S. K. Eeeves, consulting engineer of the United

States Fish Commission, for duty on steam launch No. G8. The vessel

was at Wood's Holl at the end of the year.

Gloucester City, N. J., May 28, 1886.
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Record of Spanish mackerel hatching by the Fish Ilawk during the season of 1S85.

Date.

1885.

.Time 19

20
July 10

10

13

13

14
15
15

17

18

20
21

Station. Fishery whence
obtained.

Fish Hawk
Tangier Island.
...do

.. do
Hunger's Creek
Back River
...do
Tangier Island.
...do

Hunger's Creek
Tangier Island..

...do
Cape Charles

City.
do

Hunger's Creek.
....do
Cape Charles

City.

Howard

Cooper & Parks.
Spenco ,

Raynor
Hamilton
... do
Cillers: Lorson.
Cillers: Cooper
& Parks.

Raynor
Cillers : Cooper
& Parks.

...do
Raley

J. S. "Warren

.

Raynor
...do
"Warren

Number taken.

Eggs.

Time put
in cones.

*300, 000
*75,000

*200, 000
1 50, 000
1(10, 000
600, 000

11450,000
"250, 000
*250, 000

100, 000
noo, ooo

125, 000
1, 000, 000

*75, 000
600, 000
75, 000

*150, 000

4, 500, 000

3 p. m
1 p. in

i2.:;op. in.

1 p. m

Time of
hatching,

June 22

1 p. m
1 p. m

3 p. m
7 a. m

8 a. m

July 14

July 14

July 18

July 24

July 25
July 24

Number
hatched.

25, 000

+75, 000

§600, 000

J75, 000

U30, 000

+500, 000
160, 000

1, 365, 000

Record of temperatures on the Fish Hawk during the Spanish mackerel season of 1885.



III.—REPORT ON THE WORK OF THE UNITED STATES FISH

COMMISSION STEAMER LOOKOUT FOR THE YEAR ENDING

DECEMBER 31,1885.

By Mate .Tamf.s A. Smith, U. S. N., Commanding.

[Abstract.]

At the beginning- of the year the Lookout was at Waters's wharf, Bal-

timore, Md., as stated at the close of my last report.

On January 22 instructions were received to prepare for a cruise to

the Gulf of Mexico for the purpose of making an investigation into the

fish resources of the Gulf coast of Florida. On the completion of the

equipment, February 4, sailed from Baltimore, touched at Norfolk for

coal, proceeded by way of Chesapeake and Albemarle Canal and through

Pamlico and Core Sounds to Beaufort, N. C, arriving there on Feb-

ruary 12, where we were detained by bad weather till the 21st. Ar-

rived at Charleston, S. C, on the 22d, and, continuing, touched at Tybee

Roads and Feruaudina, coaled ship at Key West, and arrived at Cedar

Keys, Fla., on March 12, where we awaited the arrival of Assistant Com-

missioner T. B. Ferguson, who joined the vessel ou March 14.

On March 17 sailed from Cedar Keys for Pensacola, stopped on the

way at Saint Joseph's and Saint Andrew's Bays, and on March 24 ar-

rived at Pensacola at 5 p. m. The next day sailed for Mobile, Ala.,

reaching there on the 26th, during the afternoon of which day hauled

the vessel out on the floating dock to make some repairs, a slight leak in

the stern having been discovered during the passage. On March 30, re-

pairs being finished, the vessel was launched, and sailed for Pensacola,

arriving ou the 31st. Coaled ship, and sailed for Cedar Keys on April

1, touched at Saint Joseph's Bay and Appalachicola Bay, and arrived at

Cedar Keys on the 4th. Was at Anclote Keys on the 5th and at Clear

Water Harbor ou tlie Gth. On April 7 was at Tampa, coaled ship, and

proceeded to Punta Rassa, which was reached on the 9th, and remained

in that vicinity till the 13th, when we sailed for Key West, arriving

there at 2 p. m. Coaled ship, and sailed for Havana, Cuba, at 4 a. m.

on April 17, and reached there at 5.45 p. m. ; and on the 22d Assistant

Commissioner T. B. Ferguson left the vessel.

S. Mis. 70 7 '
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Received instructions from the assistant commissioner to proceed to

Washington, D. C, but was detained until April 25, on which day
sailed for Key West, reaching there at noon. Coaled ship, and sailed

on the 2Gth for Charleston $ touched at Fernandina and Port Royal,

and arrived on the 30th. Coaled and proceeded on May 3. Passed in

Hatteras Inlet on the 5th, steamed up Pamlico Sound and through

the Chesapeake and Albemarle Canal, touching at Norfolk, and arrived

at the Washington navy-yard on May 7.

On May 8 the hatching equipment was taken on board, and on May
13 shad operations were begun in the Chesapeake Bay, near Battery

Station and in Elk River, and continued till the 17th, taking 1,406,000

eggs. From May 17 to June 5 the Lookout was engaged in two trips

to the Delaware River and one in the upper part of Chesapeake Bay,

procuring shad eggs and investigating the shad fisheries, especially

those in the Delaware above Philadelphia. Many lishermen were in-

terviewed as to the condition of the fishery, and the spawn-takers

were kept busy in visiting the fishing- shores and gill-boats to obtain

eggs. During these three trips 3,003,000 eggs were collected, making
a total of 4,400,000 shad eggs taken dining the season. Of this number
2,115,000 eggs and 454,000 fry were transferred to Battery Station,

and 340,000 fry were successfully planted, 100,000 being put inio the

Delaware River and 150,000 into the Chesapeake Bay and its tribu-

taries.*

On June proceeded to Baltimore, and on the 8th hauled the vessel

out on Skinner's marine railway and had top, sides, and deck calked,

and also some repairs made ou boiler, which work lasted until the

10th.

On June 20 Assistant Commissioner Ferguson joined the vessel, and
we proceeded to Saint Jerome Station, which Mr. Ferguson inspected.

At 1 p. m., on the 21st, got under way and proceeded up the Potomac
River, arriving at the Washington navy-yard on the next day. On
June 23 left the navy yard with launch No. 08 in tow, and proceeded

to Battery Station, where we awaited orders until July 3, when Assist-

ant Commissioner Ferguson came on board, and we proceeded to Bal-

timore. On July (J, with Mr. Ferguson on board, wentdown the bay to

Saint Jerome Station, arriving there at a. in. on the 7th. At 3 p. m.

got under way and steamed down to Tangier Island and anchored in Cod
Harbor over night. On July 8 started for Old Point, Va,. touched at

Hunger's Creek, and anchored near Fortress Monroe at 4 p. in.

From duly to the 15th were engaged in the lower part of the bay,

communicating with fishermen, carrying lumber to the Fish Hawk,
taking on coal, &c, stopping at Saint Jerome Station, and reaching

Battery Station at 7.15 a. m. on the 10th. On July 14 and 15, with hy-

* For :i detailed account of these shad operal ions, see i he report on (his work in the

F. C. Bulletin for 1&J5, p. 3H6.
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drometer No. 5247, took the density aud temperature of the water at

the following places

:

Date.

1885.

July 14

July 14
July 14

July 15

Locality.

Off Tangier Island
At pound nets near Fortress Monroe
At nioutli of Cherrystone Creek
A t Poole. Island

Density.

1.0122
1.0140
1.0184
1. 0034

Tempera-
ture.

77

On July 10 left Battery Station, stopped at Havre de Grace, coaled

ship, and started for New York, going by way of the Chesapeake and

Delaware Canal to the Delaware River, then down Delaware Bay aud

along the coast of New Jersey, reaching New York on the 18th. At 1

1). m. of this day Assistaut Commissioner Ferguson came on board, and

we proceeded up East River aud Long Island Sound to Wood's Holl,

Mass., touching at New London, Bristol, and Newport, taking in coal

at the latter place, and arriving at Wood's Holl on the 20th, where we

awaited orders until the 28th.

On July 28 went to Clark's Cove, near New Bedford, took scow in

tow, and returned to Wood's Holl. The scow was towed back on

August 5.

On July 29 took out a party of four scientists of the Fish Commission

to No Man's Laud for the purpose of catching swordtish, and returned

to Wood's Holl at 5.30 p. m.

On July 31 left for New Haven, where we took on board 20 bushels

of oysters to be used at Wood's Holl for spawning purposes, aud re-

turned to Wood's Holl on August 2, stopping at New London on the

way. The density of the water off Southwest Ledge, New Haven har-

bor, was found to be 1.0204.

On August 7 left Wood's Holl with Assistant Commissioner T. B.

Ferguson and Prof. G. Brown Goode on board, and steamed out to

No Man's Land looking for swordtish, but found none. On the 8th

went off towards Southwest Ledge hunting unsuccessfully for sword-

fish, aud at night returned to Wood's Holl, where we awaited orders

till the 12th.

On August 12 left Wood's Holl for New York, arrived there on the

14th, and reported for duty to E. G. Blackford, a fish commissioner of

the State of New York, to assist him in making an investigation of the

oyster-beds in different parts of Long Island Sound, Prince's Bay, Kill

von Kull, and Hudson River. Several trips were made to these points,

and the vessel was engaged in this duty till August 27.*

On August 28 left New York for Wood's Holl, stopping at Newport

to get a refrigerator, which was delivered at the Wood's Holl Station

on the 29th. From this time to September 5 were making arrangements

For report on this subject, see article of Mr. Blackford in this volume.
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to transport some live sole and turbot, which were expected from En-

gland, from New York to Wood's Holl. On September 5 went to the

assistance of steamer Monohanset, which was aground, took oft' about

two hundred passengers, and landed them at the Old Colony Eailroad

wharf.

On September G, with Assistant Commissioner Ferguson on board,

left Wood's Holl, stopped at New London over night, and reached New
York on the 7th. On the 11th went alongside the steamer Republic

at Jersey City to get the expected fish, but none having arrived, the

transporting equipment was removed and shipped to Washington,

and on the 13th we returned to Wood's Holl.

Ou September 21 left Wood's Holl, with Secretary of State Thomas
F. Bayard on board, and proceeded to Newport, where Secretary Bay-

ard left the vessel. On the 22d took on board a beam-trawl and car-

ried it to Wood's Holl, where we awaited orders.

On October 2 carried several boxes of specimens to New Haven for

the Peabody Museum, and then took on board 50 bushels of oysters,

with which returned to Wood's Holl on the 5th. From October C to

17 were engaged in cleaning and painting the vessel.

On October 17 Assistant Commissioner Ferguson came on board, and

we proceeded to New York, touching at Newport (where launch Cygnet

and a cat-boat were taken in tow) and New Haven on the way, and arriv-

ing at New York on the 20th, when Mr. Ferguson left the vessel. With
the launch and cat-boat in tow, we passed through the Delaware and

Raritan Canal and down the Delaware Biver, coaled ship at Phila-

delphia, and reached Wilmington on the 22d. From the 22d to the

28th were loading barge with old piles at the mouth of Christiana Creek,

with which arrived at Battery Station on the 29th. On the 31st towed

the barge through the Chesapeake and Delaware Canal, and delivered

it in Wilmington, after which returned to Battery Station, arriving on

November 1.

Ou November 2 towed a lighter of coal from Havre de Grace to Bat-

tery Station, and on the 3d left the station with Assistant Commissioner

Ferguson on board, and went to Baltimore, where Mr. Ferguson left the

vessel. On the 5th took some freight back to the superintendent of

Battery Station. On the 9th brought a lot of lumber from Havre de

Grace to the station for use there.

On November 12 left Battery Station and proceeded by way of the

canal to the League Island navy-yard, below Philadelphia, where we
took ou several pieces of heavy machinery and transferred them to

Battery Station, reaching there on the 14th, from which date to the

30th we awaited orders, the crew being employed at the station in

building a wharf, &c. On the 30th two trips were made to Havre de

Grace and back.

On December 1 left Battery Station, having on board Messrs. Sauer-

hoff, Tolbert, and Kenly, and proceeded to Saint Jerome Station, there
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to erect a wharf and clear the channel of sea-weed, in which work the

vessel and crew were engaged till the 10th, when it was finished, and
on the 11 th left Saint Jerome Station and went to Baltimore, where we
took in coal on the 12th.

On December 11 left Baltimore bound to Battery Station, with As-

sistant Commissioner Ferguson on board, but on reaching Sassafras

River we were compelled to turn back on account of the great quantity

of ice in the bay, and so we returned to Baltimore, and Mr. Ferguson left

the vessel. Oa the 15th made a second attempt to reach the station,

but after getting within half a mile of it were obliged to return to Balti-

more. Ou the 18th made another trial, and anchored for the night near

the station, the channel being still full of ice ; but ou the 19th reached

the station without difficulty, the tide having taken out the ice during

the night.

We hauled the vessel into the basin, moored her with chains 15 feet

from the west side of the basin, secured the boats on shore, mirove run-

ning gear, and otherwise prepared the vessel for winter-quarters. On
December 21 hauled fires on main boiler, blew it down, disconnected all

pipes in danger of freezing, and moved crew from vessel to quarters ou

shore which had been provided for them by instructions of Assistant

Commissioner Ferguson. Such was the condition of things at the end

of the year.

The number of geographical miles made during the year was 9,887,

and the number of revolutions of the engine was 8,524,231.

U. S. Fish Commission Steamer Lookout,
Havre de Grace, Md., June 26, 1886.





IV.-REPORT OF OPERATIONS AT THE TROUT-BREEDING STA-
TION AT WYTHEVILLE, VA., FROM ITS OCCUPATION IN JAN-
UARY, 1882, TO THE CLOSE OF 1884.

By M. McDonald.

The grounds, ponds, buildings, and other permanent improvements

at this station are the property of the State of Virginia. Its occupa-

tion by the United States Fish Commission is under an agreement or con-

tract which provides that the United States Commission shall have full

use. occupation, and control of the station for fish-cultural purposes,

conditioned upon the payment of an annual rental of $500. The cost

of the maintenance and conduct of the station is, of course, defrayed

by the United States Commission. Such permanent improvements or

alterations as may from time to time be required in the development

of the work of the station or to increase the convenience and facilities

for such work, are to be provided by the commissioner of fisheries of

Virginia, and at the cost of the State.

The station was first occupied conditionally in January, 1882, with

the view of determining experimentally its adaptations as a breeding

and rearing station for the Salmonidw, and the results of the season's

work were so satisfactory that its permanent occupation was deter-

mined upon and definite articles of agreement entered into in July,

1882.

OBJECT OF THE STATION.

The Wy theville station is centrally situated in the Appalachians, an

extensive tract of mountains stretching northeast and southwest from

New York to Georgia, and having an average breadth of more than

100 miles. The thousands of streams which drain this area are well

adapted to the trout. To most of them the red-speckled or brook trout

is indigenous, and in many which have been protected from excessive

or unlawful fishing this favorite of the angler still abounds.

It is believed that, with proper protective laws, enacted by the legis-

latures of the several States, and upheld and enforced by public opin-

ion, it is practicable to make both the brook trout (Salvelinus fontinalis)

and the rainbow or California trout (Salmo irideus) abundant in all the

streams of the Appalachian region. The Wytheville station occupies

[1] 103
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the geographical center of the region to be stocked, and is in easy com-

munication by rail with all parts of it.

The supply of water for the hatchery and ponds is practically un-

limited, and the facilities for the breeding, rearing, and distribution of

the Salmonidcc so exceptional that this station has been selected for

the prolonged, extensive, and systematic work necessary to re-establish

the trout fishing in the Piedmont and mountain regions of Pennsylva-

nia, Maryland, Virginia, West Virginia, North Carolina, South Caro-

lina, Tennessee, and the northern portions of Alabama and Georgia.

Experience has shown that it is not well, in general, to attempt the

stocking of streams with fish less than one year old. To hold and feed

the fish will require an extensive system of rearing-ponds, and entail

considerable cost in feeding, and greater expense in distribution. But

the assurance of success in stocking afforded by planting fish of such

size and vigor of movement as will give immunity from capture by the

small native predaceous fish of the waters will more than counterbal-

ance the increased cost of the work.

DEVELOPMENT OF THE STATION.

Prior to the occupation of the Wytheville hatchery by the United

States Commission the superintendent's house, hatchery, and other

buildings were upon grounds not the property of tne State, but occu-

pied under a conditional grant from S. P. Browning, the owner. When
it was definitely determined that the United States Commission would

occupy and operate the station, the commissioner of fisheries of Vir-

ginia, to avoid the possibility of any embarrassment or complications

arising from a presumed uncertainty of tenure, acquired by purchase

from Mr. Browning the title in fee simple to 12 acres of land lying on

both sides of Tate's Run, and extending to the line of the Atlantic,

Mississippi and Ohio Railroad. Within the limits of this tract are all

the buildings and other improvements belonging to the State.

At the time the station was occupied the improvements consisted of

a rough hatchery, its dimensions being 25 feet by 50 feet, equipped to

carry at one time 500,000 eggs of trout or other Salmonidce; a comforta-

ble and convenient superintendent's house, and all necessary outbuild-

ings, &c. There were no ponds for brood fish and none for the fry,

so that the California trout hatched out during the season of 1881-'82

and intended to be reared for breeders were retained in the hatching-

troughs until the fall of 1883.

IMPROVEMENTS IN 1883 AND 1884.

During the summer and fall of 1883 the State commissioner con-

structed three ponds for the reception of the brood fish. These were 15

feet wide, 50 feet long, and 3 feet deep, and connected with each other
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and the bead of the spring by races for spawning. Tbe ponds and

races were constructed entirely of oak plank, supported and beld to-

gether by trussed frames. The interior surface of both ponds and race-

ways was painted with coal-tar. Immediately after the completion of

the ponds the California trout, then eighteen months old, were trans-

ferred to them. The paint was not thoroughly dry, and the coal-tar

diffused in the water exerted a distinctly deleterious influence, and oc-

casioned the loss of twelve or fifteen hundred fine fish. A number of

those which survived this calamity became subsequently blind, doubt-

less from the same cause.

The springs which furnish the water-supply to the hatchery break

out in an oval depression in the hillside, and after flowing a short dis-

tance, the waters enter a subterranean channel, which they follow for

a distance of 200 yards, and finally reappear in the bed of Tate's Eun,

at too low a level to be used for the supply of the breeding-ponds to

be located on the sloping hillside south of the hatchery. To obtain the

necessary control of water-supply, the State commission caused to be

excavated through solid rock a channel leading from the basin in which

are the springs to the site of the proposed ponds, and, by intercepting

the flow through the underground channel, diverted the whole volume

of water (1,100 gallons per minute) so as to make it available for the

supply of breeding- ponds.

In the latter part of 18S4 four additional ponds, 12 feet by 50 feet,

were constructed on the hillside sloping south from the hatchery. The

lower sides and ends of these are formed of sheet-piling supported by

triangular trusses and stringers. The bottom and upper side of each

are of earth or rock. This modification in construction was adopted be-

cause experience had shown that trout in ponds with earth or rock bot-

toms thrive much better than where the sides and bottom are formed of

plank. Various minor improvements, adding to the appearance of the

station and the comfort and convenience of the work, were also made by

the State commission.

The improvements contemplated are as follows :

(1) The construction of a railroad siding on the hatchery grounds for

the greater convenience and economy of distribution.

(2) The erection of a new hatchery, 30 feet by 50 feet in plan, two

stories high, and thoroughly equipped for the most extensive work of

propagation.

(3) The construction of eight additional ponds for rearing the Sal-

moniclce.

(1) The construction of a complete series of ponds for breeding carp

and other warm-water species.

The estimated cost of these and a number of minor improvements is

$3,200, the entire expense of which, under our agreement with the State

commissioner, is to be borne by the State of Virginia.
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PROPAGATION AND DISTRIBUTION.

No fish or eggs were distributed from this station in 1S82, Twenty-

five thousand eggs of the California trout, forwarded from the collecting

station at Baird, Cal., were hatched out at the station and yielded 12,000

fry, which were retained at the station to be reared for breeders. Twenty-

five thousand eggs of the Penobscot salmon were hatched, yielding 22,000

fry, which were retained in the hatching-troughs and fed until they were

fifteen months old, and then turned out in the tributaries of New River,

with the view of making a conclusive test of the adaptation of this species

of migratory fish to the rivers of the Mississippi Basin. It is not expected

that they will ever reappear in the waters in which they were planted,

since the falls of the Great Kanawha River present an insuperable barrier

to their return; but should they live to mature, we would expect them

to be found in some of the tributaries of the Ohio which are unobstructed

by falls or dams.

The only eggs hatched at the station in 1S83 were those of the Cali-

fornia trout. Eighty-two thousand ova, forwarded from the McCloud

River station, were hatched out, yielding 44,000 fry, of which number
0,000 were retained to rear for breeders, and.the remainder distributed

as follows

:

To streams in South Carolina, under the direction of the State commissioner 8, 000

To the Roanoke and its tributaries, in Virginia 4, 000

To tributaries of the Holstou, in Smyth County, Virginia 5,000

To headwaters of James River, in Virginia 2, 000

To tributaries of the Shenandoah, in the Valley of Virginia C, 000

To tributaries of the Potomac, in Maryland and West Virginia 13, 000

Of the yearlings 500 were furnished to stock the ponds of the South

Side Sportmen's Club, on Long Island, and 50 were placed in the Roan-

oke River, in the vicinity of Big Spring, Va. Those furnished the South

Side Club are now breeding, and the great financial success that has

attended the fish-cultural enterprise of this club is a conspicuous ex-

ample of what may be accomplished in this direction by individual or

associated effort when intelligently directed.

The eggs hatched in 1884 were as follows :

From the Bucksport station, Maine, 100,000 salmon ova.

From the Northville station, Michigan, 75,000 brook trout ova.

In both cases the mortality after hatching was, for some unexplained

reason, very large.
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Full details of the distribution of fish from this station during the

season will be found in the following table :

Distribution of Salmonidce from Wythcville Station during 1884.
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From 300 to 500 nearly adult fish were planted at each locality, and,

if the waters prove suitable and reasonable protection is afforded, we
may in a few years expect to find the California trout common in the

streams above referred to.

In the fall and early winter of 1SS4-'S5 some of the rainbow trout

bred at the station spawned. The spawning began in December and

continued up to the first of March, yielding 49,000 eggs of fair quality.

Washington, D. C, April 14, 1886.



V.-REPORT OF OPERATIONS AT COLD SPRING HARBOR, NEW
YORK, DURING THE SEASON OF 1885.

By Fred Mather.

On the work in hatching and distributing different species of Salmon-

idae and other fishes at this station (owned by the New York fish com-

mission), done wholly or in part by the U. S. Fish Commission, I have

the honor to report as follows :

WHITEFISH (COEEGONTJS CLUPEIFORMIS).

On January 1, 1885, there was received from Mr. Frank N. Clark, of

the Northville, Mich., station, one case containing 1,000,000 whitefish

eggs in excellent condition. These eggs were placed in the McDonald
jars, and hatched well. They were distributed in the deep lakes of

Long Island, where it is possible that they will live. Letters from J.

H. Perkins, esq., of Kiverhead, Suffolk Count}', New York, the county

treasurer, say that it is rumored that specimens of whitefish of a quarter

of a pound had been taken from Great Pond, near that place, of the

previous year's planting, but we have been unable to get specimens,

and t lie rumors cannot be traced to any reliable source, although Mr.

Perkins has tried to do so.

BROOK TROUT (SALVELINUS FONTINALIS).

On January 31, 1885, we received from Mr. Clark one case containing

7,000 eggs. They came during very cold weither, and much of the

moss packing was frozen, and some ice was among the eggs, which

were quite dry and considerably indented. We sprinkled them with

spring water, at 38° Fahr., until we brought them up to that tempera-

ture, when they were placed in the troughs. The loss of eggs during

hatching was 087, and of fry 530, or about 1,200 in all. The fish were

placed in streams at Islip and Bellport, on Long Island. Also there

were planted 10,500 fry, hatched from eggs taken at the hatchery.

RAINBOW TROUT (SALMO IRIDEUS).

February 25, 1885, we received from the station at North ville, Mich.,

10,000 eggs of the rainbow trout in good condition, and on March 9
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another case containing an equal number, which were also in good
order. These eggs hatched very well, and 14,500 fry were placed in

streams within the State of New York.

The details will be found in Table III.

PENOBSCOT SALMON (SALMO SALAR).

This was the second year of our operations at this station, and the

apparatus was in better working order, as is usually the case with older

troughs, and we had a very successful hatching season. Encouraging
accounts of the plantings in Clendon Brook, one of the tributaries of

the Hudson, have been received from Mr. A. 1ST. Cheney, of Glens
Falls, N. Y., who writes that this brook is swarming with them, and
who, by request, in October, 1885, went there and with a fly captured

several specimens, which he sent to Mr. E. G. Blackford, of the New
York commission, who forwarded them to Professor Baird at Wash-
ington. These fish were from 6 to 7 inches long, aud were probably of

the plant made in April, when the fry were from 1 inch to H inches

long.*

In 1885, we received 500,000 eggs of the Salmo solar from the station

* Since the above was written authentic accounts have been received of the capture

of four adult salmon in the Hudson. One of these was taken about the middle of

May, 1886, in Gravesend Bay, at the mouth of the Hudson, and weighed about 10

pounds. It was captured by Mr. John Denyse, of Gravesend, and sent to Fulton

Market. Between June 1 aud 4, 1886, three salmon were captured at the darn at Troy

in the shad nets. These fish weighed respectively 10, 10|, and 14} pounds.

The following notes from Forest and Stream of June 10, 1886, refer to these fish :

Salmon in the Hudson.—Anotbei triumph has been scored for fish-culture. Salmon
have been taken in the Hudsou this season to the number of perhaps half a dozen at

present writing. They are all recorded from Troy, below the State dam, with the ex-

ception of one taken in Gravesend Bay, which we noticed a few weeks ago. In former

years an occasional stray salmon has beeu captured in the river at rare intervals, but

these lish, coming just four years after the first stocking of the river, point to the

planting of 1882 as the source of their origin. In that year a small plant was made
for the IT. S. Fish Commission from the hatchery of Mr. Thomas Clapham, at Roslyn,

Long Island, by Mr. Fred Mather, who has since continued the work on a larger

scale from the station of the New York Fish Commission at Cold Spring Harbor, un-

der orders of Professor Baird, of the U. S. Fish Commission. State Commissioner

Blackford is making efforts to get all the information possible concerning the capture

of salmon in the river, and we shall, no doubt, hear of others being taken. The eggs

from which these fish were hatched came from the United States station at Orland,

Me., in charge of Mr. C. G. Atkins. The Hudson may yet become a salmon stream.

Put up the fishways now, aud protect the fish which have escaped the meshes of the

innumerable shad-net> of the lower river, and give them a fair chance.

Several salmon have been taken below the dam at this city within the past week.

There are known to be four, and there are rumors of others. The largest one which

we have any positive record of weighed 14i pounds, and it was a fine plump fish.

The salmon are now stopped at the dam here, aud are being taken in nets. This

should be stopped at once, and fishways should be built to allow them to reach the

upper river, whore they can spawn. The fact that there are salmon in the Hudson
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at Orland, Me., in charge of Mr. C. G. Atkins. Four cases, containing

250,000 in all, arrived ou January 15, 1885, at 7 p. m., in good condition,

and were unpacked the next day at 10 a. m. The temperature of the

water was 44 degrees and that of the eggs the same. Three hundred
and eighty eggs were found dead on unpacking. On January 22 we
received from the same source four additional cases, containing the re-

mainder of the eggs, which were in equally good condition. They were

unpacked the next morning at 8 o'clock, the temperature of the pack-

ing being 34 degrees, while the water in our troughs was 36 degrees.

The number of dead eggs in this last lot was 1,930. In none of these

cases were there any indented eggs, which is always a sign of lack of

moisture in the package, and I cannot too highly commend the excel-

lent manner in which they were packed for domestic shipment. Of
these 500,000 eggs, which will be accounted for in exact figures in the

tables at the close of this report, our loss was 75,000 in eggs or fry

and by reason of those different deformities which are familiar to flsh-

culturists. Of the 425,000 remaining, 270,000 were planted in the trib-

utaries of the Hudson in Warren County, N. Y. ; 100,000 were sent to

the tributaries of the Delaware River in Sussex County, N. J.; 50,000

were placed in the Oswego River; and 5,000 were distributed privately.

should arouse anglers and game projectors to see that the first crop is not destroyed.

[J. H. R.,TROY, N. Y., Jane 7, 1886.]

Mr. H. P. Schuyler, of Troy, has writtcu to Mr. M. M. Backus, of New York, that

on Monday last a 14i-pouud salmon was caught at the State dam, making the third

within a week, whose aggregate weight was 35 pounds. Mr. Backns writes to Mr.

Blackford that there is an impression at Troy that a few years ago the State legisla-

ture made an appropriation for a fishway at Troy, but it has never been bnilt. Mr.

Schuyler says that the iisli referred to will be the last one killed, as " a few knights

of the angle intend to take matters in hand," and that his brother lias notified the

fishermen that all fish taken in future must be returned to the water, and adds: "I
believe the waters in the vicinity of the dam are swarming with salmon that are

unable to get above the dam."

Two salmon have been taken here. These must lie fish that were planted three or

four years ago by the TI. S. Fish. Commission from the Long Island hatchery. I saw
the first shipment taken to North Creek by Mr. Mather in 1882, while they were on

the platform at Saratoga, and expressed my opinion to him that it was doubtful if

they would ever return, because they were so small. I am prepared to believe that

more will come. [D. Y. SMITH, Troy, N. Y., June 7, 1886.]

On the 2d day of June some fishermen took from the waters of the Hudson, just

below the State dam at this city, a strange fish, some 10 pounds in weight. They
presented the fish to their employer, who was also ignorant of its proper name and
species, but found it very good eating. Yesterday another of the same fish was taken

at the same place. It was brought to the city, and in the. evening I had the pleasure

of inspecting a fine male salmon, which measured 28 inches in length, 16 in girth, and

weighed 10 pounds 8 ounces. Did not the legislature provide for the construction of

a fishway in the above-mentioned dam ? If so, let us have it at once. [SEYMOUR
VAN SANTVOORD, Troy, N. Y.,June 1. L8SG.]

These adult salmon, I have no doubt, are of the planting in 1882, which was made
from the hatchery of Mr. Clapham, at Roslyn, N. Y.
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In the distribution to the waters of the Hudson I relied upon my own
knowledge of the character of those Adirondack streams, and of the

reports of the residents there concerning the logging operations, and

all streams on which there were dams and logging was going on were

avoided. It often happens that a stream is used for logging one season

and is not so used the next. The logs arc hauled to the bank of a

stream in winter when the snow will permit sleds to be used in the

woods. A dam is built which floods the water back as far as possible

and makes a large lake. The logs are all brought in at this point or

below and thrown into the water; those above are held by a boom.

When all is ready in the spring, and the snows are melting, and the

streams are consequently filled, this dam is cut away and the logs are

swept down into the river below, while all those which were thrown

into the river below the dam are picked up and carried down with the

flood. They are caught miles below with a boom, and each owner rec-

ognizes his logs by the marks upon them. This work causes a plowing

up of the gravel-beds by the logs, which are tumbled over each other, and

the sweeping out of the bed of the stream ; and the young fish seek safety

on the banks, where they are often left in pools to perish. We have in

every case avoided streams which were being used for this purpose,

and have planted only streams which were left in a natural condition,

and which were at the time, or had been, trout-streams, where we felt

sure that the young would find sufficient food at the time of planting.

LANDLOCKED SALMON (SALMO SALAR Vaf. SEBAGO).

On March 19, 18S5, we received G0,000 eggs of the landlocked salmon

from Mr. Charles G. Atkins, Grand Lake Stream, Maine. They were

unpacked the next day and found to be in excellent condition. These

eggs were presented by the Commissioner to the JSTew York State fish

commission, and were by them assigned to some of the Adirondack
lakes, but, through some misunderstanding, I did not get specific orders

in time to plant them there, and the fish were kept so long in the

troughs that there was danger of losing them, and they were finally

planted, from the middle to the end of May, iu lakes on Long Island.

BROWN TROUT (SALMO FARIO).

On February 24, 1S85, we received from the Deutsche Fischerei-Verein,

through its president, Herr von Behr, a box containing 40,000 eggs of

the Salmofario, popularly called iu England "brown trout." The eggs

were forwarded by Mr. F. Busse, of Geestemunde, and half of them
were billed to Mr. E. G. Blackford, and the remainder to myself. These

eggs, which came from the ponds of Mr. Carl Schuster, near Freiburg,

in Baden, arrived in very good order. The fry from these eggs were
planted in Queens, Suffolk, Westchester, and Rockland Counties, N. Y.
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The few which we have kept have grown wonderfully, are handsome
and gamy trout, and are said to bear some what warmer water than our
Eastern brook trout, the Salvelinus fontinalis. We have one of these

fish now in our ponds, a male, which at two years old weighed over a
pound. I think them the strongest and gamiest trout I have ever
handled.

SilELTS (OSMERUS MORDAX).

We have been fairly successful in hatching these very refractory

eggs, which, on account of their glutinous character, give us a great

deal of trouble. We obtained the parent fish from the streams about

Brookhaven, Long Island, which empty into the Great South Bay, and
brought them here about the spawning time, in the first week in

March. The fish are not very common on Long Island, but still inhabit

a few streams. It seems to be their habit to run up at night and spawn,
and the fishing for them is done mainly at this time. The fishermen all

report that the catch has been decreasing for the past eight or ten years,

as there is no protection by law for the fish. We had very little to guide

us in our experiments, as but little had been attempted with these fish,

and that in a small way, and not much has been published on the sub-

ject. The fish begin to run up the streams of Long Island from the

middle to the last of February, and the run lasts about a month. Our
fish were brought up on the 4th of March by the foreman, Mr. Walters,

and numbered 120, some of which were nearly ripe. We experimented

with the eggs on bunches of meadow-grass, on stones, and in jars of

the McDonald pattern, and found that when they adhered in bunches

we were more or less successful, and although all the eggs on the out-

side of the bunches died, the eggs inside were bright and good. A de-

tailed report of this work was made to the American Fisheries Society

at its fourteenth annual meeting, May 5 and 6, at Washington, D. C,
and can be found in the published report of that society. We suc-

ceeded in hatching about 50 per cent of the eggs taken, which is, at

this state of our knowledge of handling adhesive eggs, considered to

be a fair working average; but it is possible that we may be able to

increase this percentage. We took this year some 200,000 eggs, and
turned out about 100,000 fry in different streams about the head of Cold

Spring Harbor.

THE SALT-WATER DEPARTMENT.

Situated as we are at the head of an inlet where the fresh-water

springs from the hillside flow into the harbor, we can obtain salt water

of a density of 1.019 to 1.022 at high tide. The State commission has

built a pond with a flood-gate which holds the water at low tide, and
from which we pump it into a reservoir on the hill. The work this

year was confined to hatching the little tomcod (jificrogadus tomcodus),

S. Mis. 70 8
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known in many "parts of the island as "frost-fish," and which is much
esteemed here as food. These fish come close to the shores and along

the docks to spawn in November and December. The eggs are not ad

hesive, nor are they as buoyant as the egg of the codfish, although

structurally the cod and the tomcod are closely related. We took the

eggs in milk-pans, after the manner of handling trout and similar fishes.

The eggs were placed in the McDonald jars, where they hatched in

about twenty-five days, at a temperature which ranged during the period

between December 15 and January 8 from 36 to 46 degrees Fahrenheit

The fry were planted in the harbor.

The following tables show the distribution of the various kinds of

fish handled at this station during the season

:

Table I.

—

Distribution of whitefish from Cold Spring Harbor in March and April, 1885.

Date.
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Table IV.—Distribution of Penobscot salmon from Cold Spring Harbor in April dnd May,
1885.

Date. Place of deposit. Messenger.
Fish

supplied.

Loss in
transpor-
tation.

Fish
planted.

Apr.
May

Clendon Brook, Hudson River
North River, Hudson River . ..

Carr's Brook, Hudson River. ..

Cedar River, Hudson River . ..

Brooklyn, N. Y

Paulin's Kill, N. J., Delaware River .

.

Pequest River, N. J., Delaware River .

Oswego River, Lake Ontario..
Pond of J. D. Jones, Great South Bay .

Total 425,000

F. A. Walters....
...do
...do
...do
By express to Pat-
rick McGovern.

F.A.Walters..-.
...do
...do
W. S. Stoots

*60, 000
80, 000
70, 000
60, 000
1,000

50, 000
50, 000
50, 000

4,000

300
100
200
100

250
400

t4, 000
100

5,450

59, 700
79, 900
69, 800
59, 900
1,000

49, 750
49, 600

46, 000
3,900

419, 550

* 150 yearlings placed in Clendon Brook at the same time,
t Loss owing to weakness of fish.

Table V.

—

Distribution of landlocked salmon from Cold Spring Harbor in May, 1885.

Date. By whose order. Messenger. Where planted.
Number
of fish.

May 13

22
30
30

E. G. Blackford

.. do

...do
Fred Mather

I
F. A. Walters

.

Long Island Railroad Express Po»d at Montauk, L. I.
Company.

James Ramsbottom ! Pond of J. Ramsbottom . .

.

Pond of John D. Jones
Lake Ronkonkoma, Long

Island.

W. S. Stoots

Total

4,000

1,500
6, 000
8,000

19, SOU

Table VI. -Distribution of brown or European trout from Cold Sjiring Harbor in April
and May, 1885.

Date.

April 30
Mav 3

4

12
13
15
21

30
30

Delivered to

—

Post-office address.

H.S.Jennings S Islip.N.Y
George Snvder ! Manhasset, N. Y
J.R.Wood I Cold Spring Harbor, N. Y .

F. H. Weeks j....... do
H.Scudder Northport, N. Y
Dr. A. K. Fisher

|

Sing Sing, N. Y
A. W. Humphreys Sterlington, N. Y
Weeks & De Forest Cold Spring Harbor. N. Y

.

Townsend Jones do

Total

Number
offish.

3, 000
6, 000
3,000
2, 000

1, 700

3, 500
2,000
2, 200
5,500

28, 900

Table VII.—Planting of smelts and tomcod from Cold Spring Harbor hatchery in Jan-
uary and April, 1885, by F. A. Walters, under the direction of Fred Mather.

Date. Kind. Where planted.
Number
offish.

1885.
J

Jan. 8 Tomcod ..

15 I do
April 17 Smelts

20 ...do
22 i....do
22 I. ...do

Cold Spring Harbor, N. Y
do

In brook west side of meadow
In brook leading from mill-pond
In brook east side of meadow
Kept in the hatchery, and subsequently escaped .

150, 000
60, 000
20, 000
15, 000
30, 000

35, 000





VI.-REPORT OF EGGS SHIPPED TO AND RECEIVED FROM FOR-

EIGN COUNTRIES AT THE COLD SPRING HARBOR, NEW YORK,
STATION DURING THE SEASON OF 1885-'86, AND THE DISTRI-

BUTION IN THE SPRING OF 1886.

By Fked Mather.

SHIPPED TO FOREIGN COUNTRIES.

GERMANY.

A. Lake trout (Salvelinus namaycush).—On January 7 received

from Mr. Frank N. Clark, superintendent of the station at Northville,

Mich., one case containing 50,000 lake-trout eggs, which were in good

order. We repacked them in our refrigerating boxes and shipped

them on January 18, by the North German Lloyd steamer Fulda, to the

Deutsche Fischerei-Verein, in care of F. Busse, Geestemiinde. Con-

cerning this shipment Herr von Behr, president of the Fischerei-Yer-

ein, writes, under date of February 13, that the eggs arrived in good

order.

B. Brook trout (Salvelinus fontinaUs).—On January 29 we received

25.000 brook trout from Mr. Clark, and repacked and shipped them by

steamer Eider on February 22, to the address given above, I have no

report concerning the receipt of these eggs.

C. Rainbow trout (Salmo gairdneri, var. irideus).—On February

18th 25,000 of these eggs were received from the Wytheville, Va., Sta-

tion, in charge of Col. M. McDonald. They were repacked and shipped

by the steamer Hermann to the Fischerei-Verein on the next day. No
returns have been received from this lot.

D. Landlocked salmon (Salmo salar, var. sebago).—From Mr. Henry

H. Buck, in charge of the station at Grand Lake Stream, Me., there were

received 20,000 eggs of the landlocked salmon in excellent condition on

March 12. These were repacked and shipped by steamer Fulda to the

Fischerei-Yerein on March 20. Have received no account of their arrival.

E. Whitefish (Coregonus clupeiformis).—On January 23d 1,000,000

whitelish eggs were received from Mr. Clark, of the Northville Station.

On January 25 they were repacked and shipped by the steamer Ems to

[l] 117
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the Fischerei-Verein. Concerning this shipment Herr von Behr, under
date of February 13, writes substantially as follows

:

I am happy to state that the lake trout, as well as the whitefish, ar-

rived in good condition. Bavaria was to have nearly half the eggs, and
Mr. Carl Schuster the other half. Now, by a mistake of the railroad,

nearly all the eggs went to Mr. Schuster. This upset our calculations

of sending one-half of them to Bavaria, for the eggs were very near

hatching, and it was too late to reship them. If there are still more
eggs at the disposition of Professor Baird, please ask him to send me
some whitefish eggs for Bavaria ; as the most distinguished and influen-

tial persons in that country take great interest in fish-culture.

ENGLAND.

All shipments to England were made to the National Fish Culture

Association, in care of W. Oldham Chambers, esq., secretary, South
Kensington, London.

A. Lake trout (Salvelinus namaycush).—'Jn January 7th 50,000

eggs of this fish were received from Mr. Clark, of the Northville Sta-

tion, repacked in refrigerating boxes, and sent by the steamer Aurania,

of the Cunard line, on January 15. A statement of their arrival is found
under the heading of whitefish.

B. Brook trout (Salvelinus fontinalis).—On January 25 received

10,000 eggs from Mr. Clark, and repacked and shipped them on the

29th by the steamer Servia, of the Cunard line.

C. Landlocked salmon (Salmo salar, var. sebago).—Ten thousand

eggs of this fish were received from Mr. Buck, of the Grand Lake Stream
Station, on March 12. They were repacked in refrigerating boxes and
shipped on March 16 by the steamer Germanic, of the White Star Line.

I have no advices of their condition on arriving in England.

B. Whitefish (Coregonv.s clupeiformis).—On January 7th 1,000,000

eggs were received from Mr. Clark, and repacked and shipped by the

Cunard steamer Aurania on January 15. The following letter refers

to this shipment and also to that of the lake trout mentioned above:

London, January 28, 1886.

Dear Sir: I am desired by the council of the National Fish Culture

Association to tender their best thanks for the kindness you have dis-

played in forwarding 1,000,000 ova of the whitefish (Coregonus albus)

and 50,000 ova of the lake trout, which duly arrived on Tuesday last.

I am pleased to inform you that they arrived in perfect condition and
commenced to hatch out as soon as they were placed in the hatchery.

I cannot speak too highly of the method and care with which they were

packed.

Yours faithfully,

W. OLDHAM CHAMBERS.
Prof. S. F. Baird,

Washington, B. C.
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Another lot of 1,000,000 whitefish eggs was received from Mr. Clark

on January 25, and the eggs were repacked and shipped by the Cunard
steamer Servia on the 29th. No account of their arrival has been re-

ceived.

SWITZERLAND.

All eggs shipped to this country were sent to New York, in care of

the Swiss consul, J. Bertsmann, esq.

A. Lake trout (Salvelinns namaycush).—On January 7th 50,000

eggs of this fish were received from Mr. Clark, and were repacked and
shipped to New York on January 11, in time for the steamer Am^rique,
of the General Transatlantic Company. I have no account of their

arrival.

B. Brook trout (Salvelinus fontinalis).—On January 29 there were
received from Mr. Clark 10,000 brook-trout eggs, which were repacked

and forwarded to New York on February 2, in time for the steamer St.

Simon.

C. Whitefish (Coregonus clupeiformis).—On January 7th 1,000,000

eggs were received from Mr. Clark in good order, and were forwarded

four days later by steamer Amerique. I have no advices concerning

the arrival of any of these eggs at their destination.

FRANCE.

On March 1 I received through Mr. E. G. Blackford, commissioner of

fisheries of New York, a package of 10,000 rainbow-trout eggs from the

Wytheville Station, and returned them to Mr. Blackford the next day,

as I understood these were for foreign shipment.*

RECEIVED FROM FOREIGN COUNTRIES.

GERMANY.

A. Coregonus.—On January 28 a case containiug 100,000 eggs of

some small species of whitefish, perhaps Coregonus albula or G. marcena,

was received from the Deutsche Fischerei- Verein, in very fair order.

There were 5,000 of the eggs dead, and some fungus had grown. These
were re-iced and shipped as per orders, on the same day, to Mr. Charles

G. Atkins, Bucksport, Me. On February 4 another case, containing

50,000 eggs, apparently the same kind, was received, in which 22,000

were dead. The good ones were placed in a hatching-jar to await

orders, where they were kept until February 14, when they were
repacked and shipped to Mr. Frank N. Clark, Northville, Mich.

B. Brown trout (Salmofario).—Notice had been received from Herr
vou Behr that a shipment of 64,000 eggs of this fish would be sent to

Professor Baird, and that a second package would be forwarded to Mr.

"These were sent by Mr. Blackford as a present to the Socie'te' d'Accliraatation,

Paris.

—

Editor.
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E. G. Blackford and myself. It was agreed that both packages should

be equally divided between the three, so that in case of failure in

either lot we would all receive a share of such eggs as were good. Ou
March 1 the case for Professor Baird, containing 64,000, came to hand
in a very bad condition. There were about 10,000 eggs which had not

turned white, and hopes were entertained that some fish might come
from them. These were placed upon the hatching trays, but within

a week all had turned white or burst, showing that the embryos were

dead in the egg when received, although they had not become opaque.

This fact was suspected at the time, because no movement could be

seen in the eggs which were very far advanced.

On March 20 we received another package from Herr von Behr, con-

taining 40,000 eggs of brown trout packed by Mr. Schuster, of Freiburg.

Baden, in good order. Some of these eggs were exceedingly light

colored, and I wrote to Mr. Schuster, asking if they were a different fish.

He answered me, "the light colored eggs came from tributaries of the

Danube, while the higher colored ones are from the Neckar.7' We re-

moved 4,134 dead ones, and shipped 10,000 to Mr. Clark, Northville,

Mich., and 3,000 to the station at Wytheville, Va. Those retained at

Cold Spring Harbor hatched exceedingly well, and some of them were

planted in Clendon Brook, Warren County, New York, and the others

were kept at the hatchery. From this stock some 7,000 fry were sent

to Lake Brandon, Essex Connty, the Adirondack Station of the New
York fish commission.

On April 16 we received from Max von dem Borne, the celebrated

fish-culturistofBerneuchen, Germany, two cases, each containing 25,000

eggs of the brown trout, in excellent condition; only 480 dead eggs

were removed. Thirteen thousand were shipped to Mr. Clark, North

ville, Mich., and 1,000 to James Nevin, superintendent of the Wiscon-

sin fishery commission, at Madison. At present writing the fry arc-

strong and healthy, but have not begun to take food. Concerning

these last two lots of fish, Mr. Clark writes me under date of May 10,

as follows:

"The first lot of brown trout came in excellent condition ; and the fry

are doing well. The last—the von dem Borne loi>—came in poor condi-

tion, about one-half being hatched on arrival; but we shall 8ave four

or five thousand nice fry from the last lot."

This fish is strong, quick-growing, and gamy, and I have on several

occasions declared it to be the finest trout that I have ever seen. In

Europe they endure waters considerably warmer than our Atlantic

brook trout (8. fontinalis) can stand. I have one specimen in the ponds,

a fine male trout, which at two years old would weigh nearly 2 pounds.

Cold Speeng Hakboe, N. Y., May JL5, 1886.



VII.—REPORT OF OPERATIONS AT THE NORTHVILLE AND AL-

PENA (MICH.) STATIONS FOR THE SEASON OF 1885-'86.

By Frank N. Clark.

The work, on the whole, shows a satisfactory increase in results over

the preceding year, though there is a slight falling off in the brook-trout

and rainbow-trout branches of the service.

The receipts of whitefish eggs at both stations amounted to 168,000,000,

an increase of 13,000,000 over last year. Most of this supply was drawn
from the usual sources, namely, the island region of Lake Erie, the pen-

ning station at Monroe, and the west shore of Lake Huron. About
20,000,000 were secured from new territory along the north shore of

Lake Michigan, from the spawning runs to the reefs fished from Thomp-
son, Mich. These runs occur in November and December, the late runs

to the gill-net grounds beginning as a rule several days after the col-

lection of spawn has been discontinued at other points. Eggs were
taken here as late as December 16, and even then the fish were spawn-

ing freely ; but fishing was discontinued on that date.

The shipments of whitefish eggs foot up 42,800,000, an increase of

11,800,000. The extent to which the shipping of eggs is now carried

adds not a little to the winter work. In every instance the eggs were
carefully hand-picked, and the strictest attention was given to all the

numerous details involved in preparing, packing, and forwardiDg.

The number of whitefish eggs hatched at both stations, for distribu-

tion to the waters of the Great Lakes, was 92,000,000, an increase of

4,000,000. The increase in the number actually planted was, however,

much greater than is shown by the latter figures, owing to the slight

losses in transit, as compared with last year. The car work was highly

successful, due chiefly to the employment of two cars, instead of one,

as heretofore ; by which additional service the accumulation and ex-

haustion of young fish in the tanks was prevented, the fry being dis-

posed of while in a vigorous condition.

The whitefish eggs were carried forward in creek water, which is

several degrees colder than spring water, until about six weeks prior to

the hatching period. From that time forward nearly one-half the eggs

were transferred at intervals to spring water, thus preventing, to a

[11 121
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certain extent, a precipitation of the entire hatch, which would overtax

the storage and shipping facilities.

The lake-trout work was more than three times that of any preceding-

year. The number of eggs received was 1,475,000; from which number,

1,031,000 were shipped and 115,500 fish hatched ; of the latter, 75,500

were distributed and 40,000 retained at the station.

Heretofore the supply of lake-trout eggs was drawn from the big reef

of central Lake Huron, but as the fishing was very light on these grounds

the past season, new territory was worked with much better success

than formerly. Most of the supply was obtained from the fisheries

operated from Thompson, Mich., on the north shore of Lake Michi-

gan. This is one of the best points on the lakes for securing the spawn
of this species. The spawning season begins in the last week of October

and continues nearly a month. The other source of supply was the

island shoals of Thunder Bay and vicinity. The runs occur very early

here, beginning about September 25 and ending about October 10.

The Thompson eggs were received at Northville in good condition, be-

ing forwarded in cool weather by regular line of steamers to Saint Ig-

nace, thence transferred to regular lines for Detroit, where they were

met by messenger. The Thunder Bay eggs arrived at Northville in fair

condition, though not so good as those from Lake Michigan, the weather

at this time being some warmer. The water was also warm and the

eggs advanced rapidly, those retained at the Northville Station hatch-

ing in December.

The number of brook-trout eggs taken at Northville was 225,000, but

these were not of the best quality, and a considerable percentage died

soon after being placed in the hatching boxes. One hundred and sev-

enty thousand eggs were shipped, of which 25,000 were exchanged for

an equal number from the Paris Station of the Michigan commission.

The latter were hatched and most of them retained at Northville for the

purpose of introducing new stock and crossing with the old, the vigor

and vitality of which have become impaired through a long term of in-

terbreeding.

Additional new stock, in the form of wild trout, was placed in the

Xorthville ponds in the month of June. These fish, 305 in number,

chiefly yearlings and two-year-olds, were taken from Deer Creek and

Boyne Kiver, Charlevoix County, Michigan.

The rainbow-trout work was much less satisfactory than that with

the brook trout; 167,000 eggs were taken, from which number, 5,000

were shipped and 30,000 fry hatched, while the remainder of the eggs

died in the hatching boxes.

On account of the continued partial failure in the returns from this

species, I would recommend that the stock on hand be distributed, and
their propagation at the Northville Station be discontinued. At present

about one-half of the water supply and pond facilities is devoted to

rainbow trout, the returns from which are meager and unsatisfactory.
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By supplanting them with brook trout and German trout, or by concen-

trating the divided forces on one line, the aggregate results would

be greatly increased.

A few of the German trout, from stock raised from eggs received at

Northville in the spring of 1883, spawned last December. In all, 8,000

eggs of prime quality were taken. In addition, two consignments of

these eggs were received from Fred Mather. The first lot, 10,000 in

number, arrived on March 25, in good condition; the second lot, 13,000

in number, on April 23, in very poor condition, about one-half having

hatched en route. The stock fish of this species in the Northville ponds

show a better and more uniform growth than our brook trout, and

promise exceedingly well.

A case of 29,000 eggs of landlocked salmon was transferred from

Grand Lake Stream, Maine, arriving on March 19 in fine condition. The

hatching percentage was very good, but there was considerable loss on

fry. Total number of fry distributed, 22,000.

The distribution of stock fish from the ponds of the Northville Sta-

tion was successfully carried on during the past spring, chiefly by car

No. 2, the remainder by special messengers. The fish thus disposed of

were yearling and two-year-old brook and rainbow trout. The number

disbursed to each applicant or locality was small as compared with the

usual assignments of fry, but the relative importance of the distribu-

tion should not on this account be underestimated. The measure of

results, I am thoroughly satisfied, will be a hundred-fold greater. Time

will prove—if, indeed, it has not already done so—the wisdom of the

plan of using fish not less than a year old for stocking new waters.

During the fall and winter 4,000 carp from the national ponds at

Washington were forwarded, on orders, to applicants ; also 85 gold-

fish.

A few thousand eggs of German whitefish, and about the same num-

ber of smelt, were forwarded to Northville by Fred Mather last spring,

but they were in very poor condition and few hatched. The final re-

sults were purely negative, as the young fish soon died.

Two new ponds, each 10 by 40 feet, were added to the plant of the

Northville Station during the first two months of the fiscal year, and two

others were subdivided into sections, thus affording more perfect iso-

lation of the various sizes and varieties in stock.

WHITEFISH.

In submitting this report of the operations in the whitefish depart-

ment I am gratified to announce that the past season has been abun-

dantly fruitful of good results in the three important divisions into

which successful propagation naturally divides itself, namely, first, col-

lection of spawn ; second, hatching of same ; third, distribution of fry.

During the months of November and December upwards of 100,000,-

000 whitefish eggs were received at Northville Hatchery and 68,000,000
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at Alpena Hatchery, a satisfactory increase over the work of last season.

The eggs shipped to Northville were taken principally from the island

region of western Lake Erie, and at Monroe, Mich., from penned fish.

Later in the season, however, 16,000,000 of the eggs taken in at Alpena
were repacked and shipped to Northville, as better facilities for ship-

ping are obtainable at the latter place. The first eggs were received from

the spawning beds of Lake Erie on November 11, and the last on Decem-
ber 7. The general plan of operations in the manipulation of spawn and
the treatment of fry varies so little from preceding years that it is unnec-

essary to dwell at length upon this department of the industry. Eggs
commenced hatching at Northville on March 7 and ended on April 20,

thus showing an average period of incubation of one hundred and twenty-

five days. The temperature of water varied from 32° to 43° Fahr., aver-

aging 34^°. The water used for whitefish eggs at Northville was pumped
from a small river near the hatchery ; that used at Alpena was drawn from
Thunder Bay. The hatching season at Alpena was about a month later

than at Northville. The period of spawning in the waters of Lakes

Huron and Michigan varies considerably from that of Erie, but the

great bulk of eggs are taken at the same time, consequently the busy

season at Alpena commences about the same time as at North vilie.

There are several localities in the waters of Lakes Huron and Michigan

where eggs are taken for Alpena Station, but at least 75 per cent are

and obtained at Miller's Point and Alcona, in Lake Huron, and Epoufette

and Thompson, in Lake Michigan.

The season's shipments of eggs were made principally during the

months of December and January, as shown in the following tables, to

several States and Territories, the District of Columbia, England, Ger-

many, Switzerland, and New Zealand by way of California, this last cov-

ering a distance of nearly half around the globe.

BROOK TROUT.

The brook-trout work this season may be considered fairly successful,

although it would scarcely be a favorable comparison with that of the

past few seasons. In all, 225,000 eggs were obtained ; from which num-

ber, 145,000 eggs were shipped, and 25,000 fry hatched, 4,000 of which

were shipped during April and May, as follows

:

W. S. Woodward, Plymouth, Ind 1,000

J. S. Little, Niles, Mich 1,000

ReT. Father Maher, Notre Dame, Ind 1,000

C. H. Bates, Lake Station, Mich., for F. and P. M. R. R 1,000

The remaining fry have been kept to replenish ponds from which

yearlings and two-year-olds have been distributed. The first eggs were

taken from a two-year-old on October 16. The fish continued to spawn

till December 31, on which date 400 eggs were taken from a two-year-

old, which closed the spawning season.
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Fifty-five thousand five hundred eggs were taken from 272 spawners
one year old, an average of 204 from each ; 79,400 eggs from 269 spawners
two years old, an average of 295 ; 90,100 from 137 spawners three years

old, an average of 657. On December 31, 25,000 eggs were shipped to

W. D. Marks, superintendent Michigan commission, Paris, Mich., in ex-

change for an equal number of same species which were hatched at

Northville Station and mostly retained for breeding purposes. In con-

nection with this maybe mentioned the taking of 305 yearling and two-

year-old wild trout in the mouth of June from the streams of Northern

Michigan and successful shipment of same to the Northville Station.

The following table shows the date, number of eggs taken- from

females of different ages, and number of males used:

ONE TEAK OLD.

Date.

27.

30.

31.

Nov. 1.

s
I
S I

No. of
"3

I
5 I eggs.

1S85.

Oct. 22 1 44
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RAINBOW TROUT.

The following table shows the dates of spawning, and number of fish

spawned and eggs taken :

Date.

Dec.

Jan.

Feb.

29 ..

1886.

1...
3...
5...
6...

No. of
eggs.

2,000
600
700
300
200

1,600
800
600

1,200
1, 800
800

3, 000
3,400
1,000
1,800

800
600
400

1,000
300

3.200
1,100
1,400
5,300

800
8u0

1,800
1,200

300

Date.

1886.

Feb. 17..

18..

20..

21..

22..

23..

24..

25.
26.

27.

Mar. 28.

1.

2
3.!

4.

5

6.

7.

8.

9.

10.

11.

12
13.

14.

15
16.

17.

18.

19.

20.

21.
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on Thunder Bay, and Epoufette and Thompson on Lake Michigan. The
eggs were taken by Superintendent S. P. Wires and assistants, of the

Alpena Hatchery, all of whom have had several seasons' experience

in spawn gathering, thus insuring care in the collection and forwarding.

The first eggs were taken about the first of October, the fish contin-

uing to spawn into November. During the latter part of October and

the first, part of November the eggs were shipped by boat to Detroit,

thence bjr rail to Northville, with scarcely any loss in transit of the

many shipments, showing good work. on the part of packers and dis-

patch by carriers. The season was not marked by auy noteworthy

changes in the methods of hatching, having failed by various experi-

ments in finding one more satisfactory or successful than that used in

preceding years. During the winter and spring 1,031,000 eggs and

75,500 fry were shipped to various points in this and foreign countries,

and 40,000 fry were retained at the hatchery, making a total of 1,146,500

eggs and fry successfully handled.

More eggs were taken at Thompson, Mich., on the north shore of Lake

Michigan, than at auy other point, although this was the first attempt

in that region. E. A. Tulian, who had charge of the collection in that

section, writes as follows: " The first trout eggs were taken at Thomp
son on October 31. The fish had then just commenced to spawn. At
this time only the small trout on the inside grounds were spawning.

The large trout on the outside grounds commenced spawning November

10, and were still spawning freely when the work closed on November
21. We collected during this time nine cases of eggs, all taken from

fish caught by two tugs."

LANDLOCKED SALMON.

On March 19 a case containing 29,000 eggs of this species was received

at this station from Charles G. Atkins, of Grand Lake Stream, Maine.

Only 100 dead eggs were picked out when unpacked, having come

this long distance in exceptionally fine condition. They were immedi-

ately transferred to the hatching boxes, in which they remained till

after hatching. April 8 they commenced to hatch, and were all through

by the 14th. From the time of transfer to hatching boxes till all were

hatched only 475 dead eggs were taken out. The fry were transferred

from boxes to nursery tanks into water varying in temperature from 38°

to 50°. On April 27th 10,000 fry were shipped in U. S. Fish Commis
sion car No. 2, to the township of Hayes, Clare County, Mich., and

planted in a small lake, the headwaters of Cedar River, with only a

nominal loss in shipment. The 12,000 fry delivered to Mr. Eli Tinlin,

agent of the Michigan Fish Commission, on May 15, were planted the

day following in Eapid Eiver, tributary to Torch Lake, Kalkaska and

Antrim Counties, Michigan.
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THE BROWN, EUROPEAN, OR GERMAN TROUT.

A few of the German trout reared at the North ville Station spawned

in December, and about 8,000 eggs of very good quality were obtained.

Two cases of eggs of the same species were forwarded to Northville by

Fred Mather. The first lot, consisting of 10,000, came in good condi-

tion ; the second lot, 13,000 in number, arrived in very poor condition,

being too far advanced when shipped. The total results from the above

amounted to 20,000 fry, which were retained at the station.

Temperature of river water used at Northville Station for incubating ichitefish eggs, from
November 25, 1885, to April 15,1886.

Date.
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Temperature of .spring water used at Northville Station for incubating trout eggs, from
November 25, 1885, to April 15, 1886.

Date.





VIII.—REPORT OF OPERATIONS AT THE U. S. SALMON AND
TROUT STATIONS ON THE McCLOUD RIVER, CALIFORNIA, FOR
THE YEAR 1885.

By Livingston .Stonk.

SALMON.

Everything at this station remains in very much the same condition

as at the close of my last report, active operations not having been car-

ried on here during this year.

All parties agree in reporting a very small run of salmon in the river

this year. Indeed, salmon appear to have been scarcer than ever be-

fore in the McCloud Eiver. This scarcity was probably caused partly

by the illegal small-mesh fishing of the Chinese and Portuguese in the

Sacramento, partly by the great number of sea-lions at the mouth of

the Sacramento River, and partly by the great draft upon the salmon

supply which is made by the numerous canneries on the river.

The effect of these destructive agencies upon the supply of salmon in

the river was not felt so long as it was being offset by artificial propaga-

tion ; but now that this has been suspended or nearly suspended for two

or three years, the diminution of salmon in the Sacramento is becom-

ing alarmingly apparent, and unless something is speedily done on a

large scale, in the way of hatching salmon and placing them in the Sac-

ramento or its tributaries, the river will soon be depleted of its most

valuable fish.

TROUT.

After the date of my last report (October 1, 1884) nothing of special

interest occurred at the United States trout-breeding station on the

McCloud Eiver until about Christmas time, when one of those terrific

rain-storms peculiar to the west slope of the Sierra Nevada range vis-

ited the McCloud River. It rained in such torrents and the river and

trout-pond creek rose so rapidly as to cause considerable alarm for the

safety of the trout and the station. Mr. Green, the superintendent of

the station, in a letter written on the spot, speaks of the storm as follows:

"December 25, 1884.—It has rained all the time since I wrote you be-

fore, and indications are of another flood. The water in the river is

getting up near the house, the large rocks in front are all covered, and

[1] 131
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great trees, root and branch, are passing every minute. The creek runs

through one corner of the hatching-house. We have not shut our eyes

for two days and nights, and to-night will be much the worst of any yet.

We—mybrother, myself, and two men—have been out in the pouring rain

all day, and this afternoon, as I write, at 3 o'clock, have managed to

save everything, with the exception of one trap and perhaps one boat.

The traps are all some ten feet under water, but, as far as I can see,

are still there. There is also one boat—one of the small ones—that we
cannot get to. I do not know whether it is gone or not. It is very

dangerous crossing the creeks, especially after dark. The water comes

into the pond thick with mud ; the fish all seem very uneasy, and arejump-

ing continually, but I think they are all right as yet. One of our best

dogs attempted to cross the creek this afternoon on a log, but for some

reason slipped off and fell into the water, when he was immediately taken

under and carried to the river. He kept his head up for about a mile.

We started down the bank as fast as we could run, but could not keep

in sight of him, and the last we saw he was sinking. Should the rain

continue hard until to-morrow morning, it will reach the high mark made
in 1881. Since commencing this letter the river has risen a foot. I will

write more in the morning. Expect a very severe night, as the ponds

require our constant attention.

"Later (midnight).—It is still raining, but not so hard. The water

has been at a standstill since 10 p. m. The water in the ponds is thick

with mud, and the fish are all gathered under the fall where it pours in.

I am running as little water through the ponds as possible to-night, so

as to keep out all the mud I can. The creek is fearfully high, but as

yet I think the trap is safe, although it is impossible to be sure. I have

never seen the McOloud so high except once before, and that was in the

flood of 1881.

"Later (December 26,9 a. m.).—It began raining harder about 2 a.

m., and continued until nearly daylight j but since light, although it

has been very dark and cloudy, it has not rained. The creek keeps

about the same, but the water in the river has fallen two feet or more,

so I think the danger of a flood is passed. The ponds are about six

inches deep with mud, and we are now busy getting it out. Some eight

or ten trout have died, but the rest look well, and just as soon as the

water gets clear I shall take some eggs. Should have overhauled the

fish before this had the weather been good ; but being as it was, I dared

not take eggs, for they would all have died at once when the mud
struck them. We shall get no mail now for several days, as no boats

can cross the river."

The worst of the storm was over by the next day, and on the day fol-

lowing (December 27) the spawning season began with the taking of

15,000 eggs. This storm was succeeded by one of the driest winters

ever known in Northern California. This was unfavorable to the tak-

ing of eggs, because it kept the river trout from running up the creeks
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to spawn, so that very few spawning trout were caught in the traps, of

which Mr. Green had several in the creeks ; and, besides this, it brought

the spawning season to a sudden and very unexpected close in March,

only 113,300 eggs being taken after the 1st day of April. A total, how-

ever, of 313,600 eggs was secured during the season, which appears to

be very creditable, considering the circumstances.

One lot shipped to Washington was frozen in transit, but the tem-

perature that week at various places on the overland route was 27° be-

low zero, which, with some possible lack of attention on the part of the

agents of the express company, readily accounts for the disaster.

In speaking of this shipment, Mr. Green says : "They were the best

eggs ever taken here, and I got splendid moss and packed them with

great care myself. I then made nice crates, exactly as alwaysbefore, and

had ice put on them in Redding; sent them from here to Redding on a

spring wagon. The first lot was shipped in two crates. The box the eggs

were in was 15 inches square and 7 inches high, and I made the crates

22 inches square and 2 feet high. The second box was 14 inches square

and 7 inches wide, and crate 21 inches square and 2 feet high. They

were one inch larger than I generally make them."

It accordingly appears that Mr. Green took sufficient care to get this

lot of eggs through safely in ordinary weather, but the extreme cold on

the way would freeze eggs in any kind of packing, if exposed to it,

which was probably the case with this lot. The eggs generally, which

were sent East, arrived, with the above-mentioned exception, in good

order, as the following letters to Mr. Loren W. Green indicate

:

'•I am in receipt of your letter of the 9th announcing the transmis-

sion of an additional supply of trout eggs. It gives me pleasure to

find the station so productive this year and to receive the eggs in such

good condition. With the exception of the first lot, which was com-

paratively worthless, nearly everything has come to hand in an entirely

satisfactory condition." [Spencer F. Baikd.]

"The trout eggs came safely to hand here on the 31st of March, and

were immediately shipped to the hatchery at Allentown. The superin-

tendent reports them in good order. Only 224 out of the 10,000 were

dead, which, considering the circumstances, we think very good." [A.

M. Spangler, Philadelphia, Pa., April 3, 1885.]

"I am very sorry you could not send us the full complement of eggs.

They came through very nicely, and were in excellent condition, and 1

do not think there were twenty dead ones in the lot. Your mode of

packing cannot be excelled." [Otto Gramm, LaramieCity, Wyo., April

7, 1885.]

A circumstance occurred during the spawning season sufficiently ex-

traordinary, I think, to entitle it to a brief notice here. It is a singular

fact that the central line of the total solar eclipse of March 10, 1885,

passed within six miles of the tront-breeding station. Mr. Green wrote
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to me of it, and of the singular manner in which the Indians took it,

as follows:

" March 17, 1885.—Our weather is still hot and very dry. Not a cloud

has been seen the past two weeks, and there are no signs of rain. Yes-

terday was the day of the great eclipse of the sun, and it was the grand-

est sight I ever saw. The moon crossed the sun between 8 and 9 a.m.,

and it was dark as evening. I stood on the bank of the McCloud, just

as near the line as possible. The water in the river showed the colors

of the rainbow, and trees that stood near the water, their shadows re-

flecting back in the water, looked as though their limbs were edged
with all the different colors. I never expect to see anything half so

beautiful again. Just before the eclipse I happened to go over the river,

and there were six of the old Indians gathered together, Old Kloochy
among them. I told them it was going to be dark pretty soon, and they
all laughed and said, "Chipcalla" (bad), but I persuaded them to come
up on the flat near the river and wait a little while. Then I told them
to watch the sun and it would soon grow dark. I had some smoked
glass, and could already see the black moon very plainly. They were
all jabbering away, laughing and having a great time, but very soon it

commenced growing visibly dark, and they noticed it. Then their fun

was over. They were all very quiet for awhile and watched the sun

closely. It grew dark very rapidly, and the first thing I knew they

were all on their feet, and had begun to dance and scream, and of all

the noises I ever heard they made the worst. They said they were all

going to die. Very soon I noticed a change in them. They all stopped

and talked very fast for a moment. Then two of them started for the

house. It was dark as evening. Pretty soon they returned, bringing

all their bows and arrows, flints, beads, and almost everything they

had. Then they took the oldest squaw and laid her out as though she

was dead
j
placed the trinkets all-around her, and then began that awful

cry and wail again. By this time the eclipse was passing away, and I

told them it would soon be light again. It kept growing lighter and
lighter. Soon the sun was clear again, and although they let the old

woman up, it was some time before they would believe they were going

to live."

The weather continued warm and very dry till the last eggs were
taken, which was on the 29th of April.

During the summer several improvements were made about the sta-

tion, the principal of which was an addition to the dwelling-house,

which was very much needed, the original house being small, unfin-

ished, and made chiefly of shakes.

Towards the latter part of the summer the trout were observed to be
dying, both in the pond and in the McCloud River. There was no ap-

parent cause for it, and it was hoped at first that it was only a tempo-

rary trouble,* caused by something unwholesome in the water, the

*See F. C. Bulletin, 1885, p. 472.
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streams being very low; but it did not pass away, and on October o

Mr. Green wrote me that the trout were continuing to die and that the

disease was as destructive in the river as in the ponds. Some of the

features of this singular mortality among the fish are presented in the

following letters from Mr. Green :

" I have some five or six large trout now in a pond by themselves,

which have showed no signs of life, save their breathing, for the

past five days. They lie perfectly still on their sides, and when dis-

turbed or taken from the water they seem to shake or quiver, and

will splash around quite lively for a moment, then lie back on the bot-

tom ami remain perfectly still for days; and while keeping so quiet,

sediment from the water gathers in their gills. They sometimes linger

for six or eight days, just in this way. It is my opinion that the dis-

ease was brought to our ponds by the fish caught in the river. Our fish

were all perfectly healthy until we commenced fishing this fall ; we lost

but very few fish during the summer, and they were all fat and nice.

The first I noticed were those dying in the river, and I also noticed that

some of the fish that died first in our ponds were those lately put in. I

have examined a number of those dying in the river, as well as those

from the ponds, and all that I can find is that the stomachs seem hard

and drawn up, and that in some of them there is a yellowish fluid around

the heart. The first symptom of the fish, before taken, is that it turns

a very dark color. I can now tell some three or four days in advance

those that are going to be taken with it, for they turn so dark. The fish

seem in no pain ; only seem stupid. I have seen hundreds of trout die

from old age or from fungus, bruises, or something of that kind, but I

never saw a trout sick before that would lie on the bottom. They al-

most invariably keep near the top and keep falling back against the

back screen ; but not so with these ; they are strong until they die. I

wish I could send you one for examination. I think hereafter I shall

never mix again the trout caught in the river with those wintered in

our ponds, for it is almost certain to me that the disease is one that is

catching, and was brought from the river. What seems more sure than

anything else is that I have one pond containing nothing but large fe-

males. It is the new pond, or last one made. Water runs in it directly

from the flume before running over any other fish. I wished to keep

the females separate, and for this reason have put no other fish in this

pond at all, and strange to say, the fish in this pond have not been

troubled.

" Our small fish have also suffered but little. However, the loss has

been very heavy, and unless we have unusually good luck with our

traps I am afraid we must fall short somewhat of our usual amount of

eggs.

" We are fishing now every day and having fair luck, and, had we not

had this loss, would have taken a splendid lot of eggs. The water in

the river is much lower than I have ever known before, and the snow
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on Mount Shasta seems greatly reduced. The river has been of a

milky, muddy color all summer long, until about a week ago the weather

got cool, and it is now clear. The temperature of the water while the

trout have been dying has been 58 or 60 degrees Fahr.

"There is not a salmon to be seen in the river, and there have been

but very few fish up here at all. I have kept a very close watch on

them, and have tried in all ways to get eggs to fish with for bait, but

have succeeded during the whole season in getting the eggs from only

five salmon. The last reports from Hat Creek were that there were no
salmon there yet."

"September 15, 1885.—Our weather is still hot and very dry, and our

water supply is very low. Our fish have been dying considerably lately,

from what cause I cannot tell. I have taken great pains with them, and
they look splendidly. They are all fat. The first we notice of their being

sick we find them lying in the ponds on their sides, with not a mark of

any kind; great, large, bright fish, and they are fat as can be. They
refuse to eat perhaps a day before they are taken ; up to that time they

eat heartily. Some of them seem to cramp and their bodies will be

crooked, and it is almost impossible to straighten them. They lie in

the ponds in this way, breathing faintly for three or four days, and then

die. It is something never known here before. I have given them
quantities of earth, salt, and everything I could think of, but to no ac-

count. It attacks only the large fish. I have one pond of two-year-old

trout, that has five hundred or so in it, which has not been troubled at all.

Fish in the river are just the same. I found three large trout this morn-

ing lying in the bottom of the river, not any of them dead. I went up
and caught them, and after rousing them they would swim oft' a short

distance and then turn on their sides. The water has never been so low

by half since we were here. I thought once I should be obliged to build

ponds in the river, but that would have caused a great loss of fish, as it

is almost impossible to build a wall along the river secure from minks and

otters, and they are very plentiful here. I am afraid our egg supply will

be rather short next winter. Fish in the river are very scarce. I have
been fishing the past four or five days and have caught only two large

trout. Can catch plenty of small ones, but they will not spawn this

season."

" September 18, 1885.—The trout still continue to die, and from what
cause I cannot tell. I have just taken out eight very large, fat trout,

with not a single spot on any of them. Their eyes and gills are per-

fectly healthy and the females are full of eggs. It is something never

known before here, and it has caused a great loss of fish. For two or

three days after they are taken they lie on their sides and do not move
unless touched. If taken from the water they tremble and quiver. I

am doing the best I can to save those not yet sick. Strange to say,

none but the very large fish are troubled, The yearlings and two-year-
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olds are perfectly healthy. I sometimes think they were poisoned by

some one, yet I have no idea who could have done such a thing."

"September 23, 1885.—Since I last wrote, there has been no great loss of

life. I got up very early one morning, I think the next after I wrote you,

and went to the ponds, and there were several in each pond lying on

their sides, but they were not dead. I got them all up, and then cut some

fresh venison up fine and soaked it in lard and fed it to the fish that would

eat, and since that they seem to have brightened up wonderfully, and

I think now the danger is mostly passed. The only cause that I could

find for their dying was in their stomach. There was not a single spot

on any of them; eyes were bright and gills perfectly natural, and they

were all fat fish, but their stomachs seemed hard and drawn up. The

fish that died I think suffered but little. They would be taken sud-

denly, and perhaps for one day would lie on the bottom very still, but

right side up, then the next day they would lie on their sides, but

breathe rather more quickly than was natural. If disturbed, they would

swim a short distance as though all right, only some of them seemed

cramped, and their heads were crooked to one side. They would re-

main in this state sometimes three or four days, and then die. Our

water supply seems a little on the rise now, and the remaining fish look

splendidly, and I think now with good carewe shall bring the rest through.

Our young fish are in good condition and we have just added a nice

lot—75 yearlings and two-year-olds—to our ponds. Fish in the river

are very scarce ; we have been fishing now some time, but have only

succeeded in capturing small fish. The water in the river has been very

muddy all summer and is still so. We have had a loss of large fish this

time that it will take some time to replace, yet, if no more die now, we
can get along."

" November 14, 1885.—I have thought all along that as soon as the

rains began there would be a change in the mortality of the trout; but

it seems not. There are six in one pond this morning that refuse food

and have turned the dark color, and are resting on the ground. We
have been at work very hard, catching trout, and adding to our ponds

from the river; but it seems of little use, as the ones caught from the

river die very fast. Some of the smaller fish have died lately. Pro-

fessor Baird has written that he has asked Prof. S. A. Forbes, of

Champaign, 111., to forward me a preserving fluid, and wished me to

send some of the diseased specimens direct to him. Professor Baird

says that Professor Forbes is preparing a general report for the Com-

mission upon the subject of the diseases of fish. He also says that

the fish of Wisconsin have died iu great numbers, and that Professor

Forbes had traced the disease to the immense development of bacteria,

called micrococci, congesting the liver and spleen of the fish."

At present the prospect is rather discouraging for a good yield of

trout eggs during the season of 1885-'SG; but a considerable number of

young fish are coming on, and perhaps next year's harvest may make

up for the deficiencies of this season.
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Appended to this report will be found memoranda from Mr. Green's

diary, relating to the weather, &c., from September 24, 1884, to April

20, 1885, and tables of statistics as follows:

1. Record of trout caught.

2. Record of trout eggs taken.

3. Distribution of trout eggs.

4. Temperatures of air and water.

Charlestown, K H., December 31, 1885.,

Memoranda relating to the weather, 4'c., at McClond River Station from September 24, 1884,
to April 20, L885.

Date.
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Memoranda relating to the weather, $0., at McCloud River Station, Sfc.—Continued,

Date.

1885.

Jan. 20

27
29

30
31

Fob. 2

Condition of weather.

Warm and dry; t'.out in ponds spawn
ing well.

Cloudy and warm.
Raining hard all daj .

Cloudy : ni> i*ain.

Clear and warm.
Raining hard ; water 1 foot high; some
of the trout caught had already
spawned.

Raining hard nil day.
Forenoon cloudy aiid misty; afternoon

clear and warin.
Water falling, and quite warm.
Clear and very warm.
Clear and warm.
Warmer, and water low.
Clear and warm.
Eggs doing nicely, and fish feeling well.
Eggs doing splendidly.
Warm and dry.
Clear, warm, and very dry.
Raining hard all day, but very warm.
Quite cool : strong north wind.
Warm and pleasant.
Strong north wind.
Trout spawning slowly j eggs doing
splendidly.

Date.

1885.

Feb. 27
28

Mar. 1

2

3
5

7
8

9
11
13
17
25
26

27
30
31

Apr. 1

6
8
9

19
20

Condition of weather.

Warm and dry ; water very low.
Clear and warm.
Water low, and trout spawning freely
in the river.

Warm and clear.

Strong north wind.
Strong north wind, and very dry.
Clear and warm.
Fish nearly done spawning.
Warm and clear.

Warm, cloudy, and a little rain.
Clear and warm.
Very dry.
Very clear and hot

;
ground dry.

Clear, warm, and very dry.
Strong north wind ; fish about done
spawning.

Warm and dry.
Strong north wind.
Clear and very hot ; no wind.
Cloudy, and north wind.
Very cloudy, and a little rain.
Clear and hot.

Do.
Gave the fish a mud bath.
Fishdoing better; lookingmuch brighter.

Table I.

—

Record of trout caught at McCloud River Station during the season of 1884-'85.

Date.

1884
Sept. 21...
Sept. 25...
Sept. 26 . .

.

Sept. 27 ...

Sept. 28 . .

.

Sept. 29 . .

.

Sept. 30 . .

.

Oct. 2
Oct.3
Oct. 4
Oct. 8
Oct. 9

Date.

1884
Oct. 10 . .

.

Oct. 11 . .

.

Oct. 16 . .

.

Oct. 17 . .

.

Oct. 18...
Oct. 24...
Oct. 27 . -

.

Oct. 28 . .

.

Oct. 29 . .

.

Oct. 30 . .

.

Oct. 31 . .

.

Nov. 3 . .

.

ay Date.

1884,

Nov. 4 . .

.

Nov. 7 ...

Nov. 8 . .

.

Nov. 10 ..

Nov. 11 .

Nov. 13 .

.

Nov. 26 .

.

Nov. 29 .

.

Dec. 21...
Dec. 22...
Dec. 23 . .

.

Dec. 25. .

.

Date.

1884.

Dec. 28....
1885.

Jan. 10
Jan. 11....
Feb. 2
Feb. 3

Feb. 4
Feb. 5
Feb6

Total

Table II. -Record of trout eggs taken at McCloud River Station during the season of
1884-'85.

Date.
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Table III.

—

Distribution of trout eggs from MeCloud River Station during the season of
1885.

Date.



IX -REPORT ON THE PROPAGATION OF PENOBSCOT SALMON
IN 1885-'86.

By Charles. G. Atkins.

Operations at the Penobscot Station were conducted, as in previous

years, without change of importance in methods or apparatus. The
only addition to the fixtures requiring mention was the construction of

a new spawn house at Dead Brook, and some improvements of the

stream and banks in front of it.

The purchase of breeding salmon was begun June 1, and brought to

a conclusion June 20. Between these dates salmon were received on

fifteen days. The aggregate number purchased was 091, of which 81

perished in transit, from excessive heat of the river water. The re-

maining 010 were all placed in the inclosure at Dead Brook, where they

suffered during the summer a further loss of 93. At the spawning sea-

son there were recovered 501 , leaving 10 not accounted for ; most of these

probably died and escaped detection. The net result of the purchase

of 091 salmon was therefore 72 per cent of those purchased, and 82 per

cent of those placed alive in the inclosures. The corresponding per-

centages in 1884 were 09 and 75, showing a slight improvement. The
cause of the deaths that occur in the inclosure is not yet ascertained.

As usual, they occurred soon after the first fish were inclosed, very few

dying after the first month.

The size of Penobscot salmon this year was small. The estimated

average of those purchased for the station was 12.95 pounds. At the

spawning season 283 females and 190 males were weighed and meas-

ured. The females averaged 12.75 pounds in weight before spawning,

and 31.00 inches in length. The males averaged 10 pounds in weight

and 31.2 inches in length. The females yielded an average of 3.19

pounds of eggs, equal to 8,007 in number.

The spawning of the salmon was accomplished at the usual date, be-

ginning October 27 and closing November 5. After manipulation all the

salmon (except 19, that were captured after the rest had been liberated)

were towed down to the village of Orlaud and liberated in tide-water

[l] 141
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below the Orlaud dam. This has been practiced for several years. The
total number of eggs obtained was estimated at 2,422,000 ; but from the

data obtained by the count of rejected eggs and the measurement of

the net stock the original number is computed to have been 2,454,058.

These were placed without noteworthy incident in the hatchery at

Craig's Brook. •

The losses from lack of impregnation were greater than usual at this

station, though by no means very large. They aggregated 113,371, or

4.G per cent of the original number. There were 24,087 rejected for

imperfections of another character. The total loss was thus 138,058,

which reduced the available stock of eggs to 2,310,000, of which 1,000

were reserved for experimentation, and 2,315,000 shipped to the order

of the contributors to the fund.

A pro rata division gave to the U. S. Commission, 1,254,000; to the

Maine commission, 003,500; to the Massachusetts commission, 397,500.

The actual division was as follows : to the U. S. Commission, 1,251,500

;

to the Maine commission, 003,500; to the Massachusetts commission,

400,000.

The transfer of the eggs was accomplished between January 4 and
March 5, with exceedingly small loss, as shown in detail in the tabular

statement below

:

Table L- Transfer of Penobscot salmon eggs from Orland, Me., during January, Feb-
ruary and March, 188G.
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Table II.

—

Record of weather and temperature at Craig- s Brook, 1885-86.
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Table II.

—

Record of weather and temperature at Craig's Brook, 1885-'8G—Continued.



X.-REPORT ON THE PROPAGATION OF SCHOODIC SALMON IN

1885-86.

By Charles G. Atkins.

On my first visit to the station, September 15, I found everything- in

good order and the preparation for fall work in a satisfactory stage.

Mr. Munson, the foreman, who had been at work without help since Sep-

tember 1, had among other items of work set the stakes for .the main

nets, and gathered 190 bushels of moss, of which 175 bushels had been

dried in the sun. The addition of 15 bushels more of green moss would

give us an ample store for packing purposes. The approach of the

spawning season was heralded by the appearance on the 15th of tlr.ee

salmon at the bridge across the stream. Two days later the setting of

the nets across the stream was completed.

Excavations in the gravel by female salmon were to be seen as early

as October 22, and from that date forward in increasing numbers. On
the 24th the fishing pounds were completed, being five days earlier

than in 1884, and six days earlier thau in 1883. The plan of previous

years was followed without material change.

For the first five nights the catch was small, the aggregate being 121.

On the night of October 20, we took 50 salmon, and the next night 107.

The latter number was the maximum for this season, the nearest ap-

proach to it being 99 taken on the night of November 8. As early as

November 1 it had become apparent from the relative number of female

fish (aggregating 195, against 123 males), that the season was far ad-

vanced and was likely to yield less than an average number of fish, and

on the 18th we closed operations with an aggregate catch of Oil females,

199 males, and 1 salmon of unknown sex, a total of 811, the smallest

catch since the organization of the station. Considered by itself this

fact might reasonably cause apprehension as to the future supply of fish

and eggs, but it is offset by the well-attested abundance of young sal-

mon of several stages of growth in Grand Lake Stream and about the

outlet of the lake for several years past.

The fish caught were equal in length to those of 1884, and exceeded

those of 1883 by a little more than an inch. In weight and fecundity

[11 145
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there was a falling off' from 1884, but a gain as compared with 1883.

The data for the three years afford the following comparison :

Tear.
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houses. In suite of the high temperature prevailing iu November, the

water was, by the first week in December, cooled down to 34° F., and

the general development of the eggs was not so greatly accelerated as

had been anticipated. All the eggs remained in the river house till Feb-

ruary 15, when a portion of them were moved to the cove house in an-

ticipation of packing and shipment.

The removal of the defective eggs (127,055 in all) reduced the stock

to 806,700, of which 041,000 were shipped to the order of the parties

contributing, as follows:

Party.

United States ..

Maine
Massachusetts .

New Hampshire

Amount
of contribu/

tion.

1578 01
500 1)0

31 ii

300 00

1, G7cS 01

Computed
share.

222, 000
192,000
115.000
115,000

044, 000

l^ti's-

actually
delivered.

222, 000
189,000
115,000
115,000

011,000

A detailed statement of the transfer will be found in Table IV, sub-

joined.

From the reserved 225,700, which was 9,005 iu excess of the legal

minimum, there were lost but 428 eggs and 463 fry, and the remaining

224,809 were liberated in Grand Lake between June 14 and 23, 1886.
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Table II. Summary of spawning operations at Grand Lake Stream, Maine, during Oeio.

ber and November, 1885.
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Table IV.

—

Statement of the transfer of Schoodic {landlocked) salmon eggs from Grand
Lake Stream, Maine, in 1886.
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Table V.

—

Observations on temperature, $c, at Grand Laic Stream, Maine, from Sep-
tember 2, 1885, to June 20, 1886.
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Table V.

—

Observations on temperature, <fc.—Continued.
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Table V.

—

Observations on temperature, $c.—Continued.

[10]
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Table V.

—

Observations on temperature, $-c.—Continued.
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Tablk V.

—

Observations on temperature, §x.—Continued.



XL-REPORT ON AN OYSTER INVESTIGATION IN NEW YORK
WITH THE STEAMER LOOKOUT.

Bt Eugene G. Blackford.

The steamer Lookout was subject to my orders this seasou from the

15th to the 26th of August, 1885, inclusive, aud during this time we were
able to visit seven different localities, making eight trips, as follows :

Montauk Point, Greenport, the Kills, Execution Light, Port Jefferson,

Prince's Bay, and two trips up the Hudson River.

Montauk Point and Greenport.—The first trip was to the east-

ern end of Long Island, for which locality we started on the morning of

Saturday, the 15th of August. The vessel reached Shelter Island late

in the evening and remained at anchor in Dering's Harbor until Monday
morning, the 17th of August, when a visit was made to the oyster re-

gions in the neighborhood of Montauk Point. I had been informed

that some of the ponds near the Point contained quantities of oysters

of fine quality, but while we found some oysters they were very few in

number and quite flavorless. And we were not even able to find old

shells to any extent, indicating that there ever had been oysters there

in any quantity. These ponds are, with hardly an exception, cut off

from the ocean, except during great storms, when the waves dash across

the intervening sand strips and now and then cut passage-ways through,

so that, until these passage-ways close up again, there is communication

between the waters of the ponds and those of the ocean. The waters of

the ponds are thus at times quite salt and then again only slightly brack-

ish, and they are in this latter condition most of the time, depending for

their supply of water upon the rain shed from the surrounding sand-

hills or the water from the ocean percolating through the underlying

strata. There is consequently, in all probability, very little food in these

ponds of a proper character to sustain any large number of oysters, aud
that is undoubtedly why we were able to obtain but few specimens.

What might be accomplished in the way of oyster culture, by opening

permanent water-ways into theseponds, is of course a matter of mere con-

jecture.

Early on Tuesday morning we took Mr. J. M. Monsell, of Greenport,

on board as pilot, and proceeded to examine some of the planted beds

belonging to members of the Greenport Oyster Company. The land

[i] l57
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under water controlled by this company lies close along the shores of

the bay near the village of Greenport and where there is a fine tidal

current flowing most of the time; consequently the oysters get plenty

of food, and show this by an exceedingly fine growth. At least all of

those we examined showed a very great increase in size since they

were laid down in December, 1884. In many instances this increase

was from 2 to 2£ inches in length, and proportionately in width. For

many years past the only oysters obtained from Peconic Bay and

vicinity were of the class known as single oysters, found scattered here

and there on the sand, and among the pebbles of various portions of

the bottom of the bay, and gathered principally by the clammers when
raking for clams, or by the scollopers when after scollops. But it was

known, by the great beds of old dead oyster-shells found here and there

throughout the bay, that formerly the bay was well supplied with this

bivalve, and laws were passed by the legislature of the State in 1883

authorizing the towns located upon the bay to appoint commissioners

to survey such lands under water as were thought suitable for oyster

cultivation, and to deed such lands, in small allotments, to those de-

sirous of planting and cultivating oysters. Our pilot, Mr. Monsell, was

one of the commissioners thus appointed by the town of Southold, and

after the land had been surveyed in several localities, most of it was

taken up by those living in the immediate vicinity, and then, in order to

facilitate work, these parties formed themselves into oyster companies.

There are consequently four or five plots of land, of greater or less ex-

tent, now under cultivation in Peconic Bay, all of which have been

planted with a greater or less number of oysters within a year past,

and everywhere the growth has been all that could be desired; but it is

yet too early in the history of the enterprise to enable any one to tell

whether or not the oysters will fatten, and be well flavored as well as

grow fast.

While the outlook is thus very bright for the planters in the Peconic

Bay region, so far as the mere growth of the oysters is concerned, they

have one very serious evil against which to contend, and that is the

starfish. In certain sections we found these pests in immense num-

bers, and they undoubtedly are responsible for the dead shell-beds of

the bay and for the fact that so few oysters are found native in these

waters. Against these animals the planters will have to make war

incessantly or they will not have any oysters to need protection. But

if by concerted action the planters get rid of the major part of the star-

fish, and then by constant watching and working keep them in sub-

jection, it would seem as if Peconic Bay might become an exceedingly

rich oyster region, especially as the bottom is comparatively stable, and

there are thousands of acres where the soil is, for oyster culture, equal

to anything the most ardent oysterman could desire. Most of the oysters

employed for seed on the beds in the bay are brought from Connecticut

;

a few, however, are brought from other localities. Some of the planters



[3] OYSTER INVESTIGATION WITH LOOKOUT. 159

are loading part of their beds with old shells for the purpose of catch-

ing spat, and thus obviating the necessity of foreign importation. But
«o far there has been very little set noticed.

The Kills.—Our trip to the Kills on the 19th was undertaken prin-

cipally to obtain, if possible, evidence of the injury to the oysters in that

locality from the pouring of sludge, acid, and oily refuse into the waters
in the vicinity. A number of dredgings were made in Arthur's Kill, as

far south as Northwest Eeach, and in the Kill von Kull at the mouth of

Newark Bay. One or two dredgings were also made a short distance up
in Newark Bay. At Northwest Beach the temperature of the water was
78° and the density, at half ebb, 1.014. Two hauls were made. In the

first the dredge was down three minutes, and twenty-eight oysters were
obtained. There were some last year's set, and the growth of all was
fair. We found no direct evidence of oil upon the water or of oily

refuse upon the bottom, but there were a large number of dead shells,

the inmates of which had evidently died only recently, and all the shells,

both living and dead, were covered with a green slime. The oysters

were also very green and had a rank odor and an oily taste. In the

second dredge there were a few oysters set on old bricks, stones, &c.
The oysters were in the same condition as those in the first dredge, and
there were many dead shells, the animals of which, as before, had been
recently killed. Three dredgings were then made along in front of Coe's

phosphate factory, and from these we obtained respectively one hun-
dred, one hundred and eighty-six, and eighty-nine oysters. Most of the

oysters were well-shaped and of fair growth, and there was a small

amount of set. There were a great many shells of recently killed oysters,

and all the shells were very slimy. -The oysters themselves were thin

and very green. From these dredgings we obtained a number of pieces

of a brittle material, which is said to be the hardened refuse material

from the oil-works, which after being cast into the water sinks to the

bottom, and in many cases covers up large numbers of oysters. None
of these pieces appeared, however, to be of recent origin. In the mouth
of Newark Bay, where the temperature was 78° and the density 1.013,

we obtained in three dredgings the respective number of eighteen, six,

and four oysters. There were some shells, all of which, as well as the

oysters, were slimy, and the oysters were thin and green. Farther up
the bay we found the oysters to be of a similar character. We did not

find as many shells here as in Arthur's Kill, nor any oily refuse. The
oystermen claim, however, that upon a great many days during the

past season the water has been covered with acid and oil waste from

the factories located along the shores, and it looks very decidedly as if

we must look to this cause for the destruction of the most of those oys-

ters whose empty shells we found so abundantly.

Execution Light-House Rock.—This locality was visited on the

20th, the steamer reaching the bed about 11 o'clock a. m., and leav-

ing it about 3 p. m. In the morning the tide was on the ebb, and
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we found the temperature of the water to be 74° and the density 1.0192.

In the afternoon the tide had turned and the temperature rose to 76°

and the density was 1.0186. A great many dredgiugs were made on dif-

ferent parts of the bed, but principally on the north side in from 6 to 8

fathoms of water. A goodly number of oysters were obtained at each

haul, but not near so many as we undoubtedly should have obtained

had our dredging apparatus been somewhat differently arranged and

more suitable for use in deep water and from a steamer. The oysters

were all in good condition for the time of year and depth of water, and

there were very few enemies found, only two starfish and a few drills.

A large number of spider-crabs were also taken. The amount of refuse

gathered was considerable, but nothing like in quality what we found

when we visited this bed last season. This is undoubtedly due to the

working of the oystermen upon the bed and to the unquestionable fact

that there has not been, for some reason, much dumping upon the bed

this year. Taken as a whole, the condition of the bed seems to be much
improved, although there was not much young growth to be found

among the oysters taken.

Hudson Eiver.—The trips up the Hudson were made on the 21st

and the 25th of August, with Mr. Garrett Van Pelt as pilot. On the

first day the steamer went as far up the river as Spuyten Duyvil Creek

and then returned to New York Bay, where we examined the beds in

the immediate vicinity of Little and Bedloe's Islands. The first dredg-

ing was made in Stryker's Bay, the water being of a temperature of

76° and of a density, near the last of the ebb, of 1.0036. A great many
shells were obtained and from seventy-five to one hundred oysters, most

of them being of good size. The meats, however, were all thin and of

a green color. There were a good many pieces of wood taken from the

bed and various kinds of refuse. This bed extends from where the

water is about 4 fathoms deep to near the shore, where it is about 6 feet

in depth. At the sugar-house bed a few shells were obtained and two

live oysters. This has been a good bed, but has been overworked.

Some mud was found among the oysters and considerable refuse. The
meats were thin and green. The depth of water was about 2£ fathoms.

At Fort Washington Point, in 17 feet of water, a few large oysters were

obtained, and a good many small ones of last year's set. There were

also some dead shells and a good deal of refuse material. At Eugle-

wood bed we made our last dredging in the river for the day. The
temperature was 76° and the density 1.0024. The dredgiugs were made
in from 2 to 4 fathoms of water, and we obtained sixty-two oysters

of good size and in fair condition. There were a large number of

shells and some refuse material. Upon our return to the bay we found

the water so rough that only one dredging was made on each bed, the

first at Little Island, on the east side, from which we obtained four

oysters, and the second on the northeast side of Bedloe's Island, from

which we obtained three specimens. There were quite a number of
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shells taken at both places, and both oysters and shells were quite slnn;y

and of a bad odor. The meats were all thin and very green. The tem-

perature of the water was 7G° and the density 1.0070. It was not long

after the beginning of the flood, and the depth wras about 3 fathoms

in both places.

On the 25th the first dredging was made on the Irviugton bed

in 11 feet of water. The tide was hardly one-quarter ebb, and we
found the density accordingly somewhat greater than on the first dav

at Englewood, it being 1.0028 and the temperature 73°. We obtained

fifty-three oysters and some shells. Most of the oysters showed traces

of green coloration ; otherwise they were in fair condition. There was
not much refuse material taken from this bed. This bed is next to the

last one up the river; but the one near Nyack, while a very large and

prolific bed, lies in too shoal water to be dredged from the steamer, so

sve were obliged to pass it by or rather not go up to it. At Hound Kock
bed only seven oysters were obtained, together with some shells, but

no refuse. It is not a large bed, and, like all the Hudson Kiver beds,

lies close to the shore. The meats of the oysters obtained here showed

hardly any traces of green coloration. Density, 1.003 ; temperature 73°.

At Dobb's Ferry, close to the dock, in 2| fathoms of water, twenty-five

oysters were obtained, with many shells and some refuse. All the oys-

ters were small and the meats slightly green. Density, 1.0031; tem-

perature, 73°. At Hastings the bed is long and narrow, skirting the

shore for some distance below the wharf. The water on the outer edge

of the bed was only 9 feet deep, so we could not dredge it very satis-

factorily, and obtained only twelve oysters. There were many shells

and rocks and some refuse. The oysters appeared to be thrifty and in

good condition. They showed little, if any, green color. Density, 1.0032

;

temperature, 73°. Willow bed is also long and narrow, but in deeper

water. We made our dredgiugs in 2J fathoms, and obtained five oys-

ters, some refuse, and a large number of shells. The meats were thin

and quite green. Density, 1.004; temperature, 73°.

Off Yonkers wo obtained twenty oysters at a depth of 2 :J;
fathoms.

There were a good many shells, but little refuse. Most of the oysters

were of fair size and in very good condition, with very little of the

green coloration. Density, 1.004 ; temperature, 73°. The Lame Man's

bed, which is next south of Willow bed, is one of the best beds in the

river, and great quantities of seed are obtained from it. Wo obtained

two hundred and two oysters from it, all of which were of good size

and shape. The meats, however, while being pretty well filled, were of

a somewhat greenish tint. A good many clean dead shells were also

obtained, and five hard crabs. Density, 1.0045. At Mount St. Vincent

bed about two-thirds of the take consisted of dead shells, most of which'

were quite clean. We obtained one hundred and fifty oysters, the

meats being in fair condition, but with a faint tinge of green. Density,

1 .0047. At Riverside bed we obtained more oysters than from any other

S. Mis. 70 11
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place ou the river. In the first dredge there were three hundred and

ten, in the second one hundred and forty, in the third two hundred and
forty, and in the fourth one hundred and seventy oysters, respectively.

Tbere was very little refuse material, but a good many dead shells, most

of which were pretty clean. The meats of the living oysters were in

fair condition with very little signs of green coloratiou. Density, 1.005.

The last bed examined was a small one called the Fisherman's bed.

We found very few oysters, getting only five specimens, but a consider-

able number of shells. The meats were poor and considerably colored.

Density, 1.005. All of the beds of the Hudson are worked for the pur-

pose of obtaining seed with which to plant other beds, as the oysters on

these beds do not fatten well until they are transplanted, although a

good many are used directly from the beds, but such are almost entirely

used for local' consumption. The greater number of oystermen who
work these beds come from the neighborhood of Stateu Island, although

some of the East River planters also obtain seed here. This is not as

common now, however, as it wras some years ago.

Port Jefferson Harbor.—The visit to Port Jefferson Harbor was

made on Saturday, the 22d, and the Lookout lay at anchor in the harbor

over Sunday, the 23d. On Monday morning early we started for the

beds with Mr. C. J. Eobbins as pilot. Most of the bottom of the harbor

is leased by private parties and is planted, but year before last the trus-

tees of the town voted to grant no new leases and no renewals of leases

for the present, and as some of the leases expired last season there are

certain grounds in the harbor that are now free to any who wish to work

upon them. Such grounds, however, are of comparatively small extent

and of no practical value, as all oysters were taken from them before

the leases expired. Our work was accordingly on those grounds that

are still under lease, and we found most of the beds to be well cared for

and in good condition, although the growth is not so great as in many

other localities along our coast. We made a large number of dredg-

ings, some being on oysters nearly ready for market, and others on

those only recently planted. The largest number taken at any one haul

was one hundred and forty-two, on land leased and worked by the Port

Jefferson and Setauket Oyster Company, but the dredge was seldom

left upon the bottom for more than one or two minutes at a time, as we

were not after numbers so much as to ascertain the growth and quality

of those that had been planted. The growth, as already stated, we did

not find to be great, but the quality was excellent for the time of year.

We found no starfish or winkles, and, what surprised us much more,

we obtained only two or three drills in all of our dredgings in the liar

. bor. Most of the seed in the harbor comes from the Connecticut beds,

but some is brought from Great South Bay, although it does not do

so well as the Connecticut stock. The seed is generally from one to

three years old, and 300 or 400 bushels per acre are used. The water

in the harbor over the beds is from 2 to 4 or 5 fathoms in depth, and we
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found it to be of an average temperature of 73J°, and a density on the

young ilood of 1.0196. Outside of the harbor we found the temperature

to be 73° and the density 1.020. We dredged for some time outside

the harbor in 5 to G fathoms of water on bottom which had been shelled

two years ago, but we obtained only shells, the oysters having been

entirely destroyed by the stars, or at least the starfish got the bene-

fit of any doubt there might have been in the matter.

Prince's Bay.—On the 2Gth we made a visit with Mr. Van Pelt as

pilot to the beds along the Long Island shore of New York Bay, and to

those along the southeastern shore of Staten Island. On account of

the unfavorable weather we did not make so many dredgings as we
should have done had the weather been pleasant. Near Owl's Head
Landing, just off from Bay Bidge, Long Island, we found the tempera-

ture of the water, at half ebb, to be 75°, and of a density of 1.010. The
oysters obtained were of good size and in fair number, but they were all

thin and green, and the shells were quite slimy. There were a good many
old shells, and some of last season's set. There was also some refuse ma-

terial, but not of any account. The bed here was dredged in 2A fathoms

of water, and used to be quite prolific. If properly cared for, it would

now undoubtedly furnish a good many oysters for planting. In the edge

of the channel near the Narrows, known as the Swash Channel, in 2

fathoms of water, we obtained some good-sized oysters, but they were not

very abundant nor very thrifty. Like those at Owl's Head they were

thin and green, and the shells covered with a green slime. There was
also considerable refuse material, showing that there is more dumping
here than along certain portions of the Long Island shore. In Prince's

Bay the temperature of the water was found to be 75°, and the density

on the latter portion of the ebb 1.017. A number of dredgings were

made on different planted beds, and the oysters were found to be gener-

ally in fair condition, although in many cases the flavor was not pleasant.

In the region where dredging is being carried on to widen and deepen

the channel into Raritan Bay, we found that a good deal of damage
had been done by the mud, which had been stirred up from the bottom,

spreading out and settling over the planted oysters. In some instances,

at least, the dredgings, instead of being carried out to sea, as they

should be, have been dumped upon the planted territory, causing con-

siderable damage by burying and thus smothering the oysters. The
dredge, when thrown down over these old beds, is soon filled with a

filthy mass of black mud, in many instances smelling quite strongly of

kerosene. The beds in this neighborhood, when undisturbed by these

dredgings, are well cared for and profitable
; but each season the flavor

of the oysters is getting poorer on account of the increase of filth and

waste matters which are thrown into the bay.

NEW York, N. Y., September 28, 1885.





XII.-REPORT OF OPERATIONS AT SAINT JEROME OYSTER-
BREEDING STATION DURING 1885.

By W. deC. Kavenel.

By the first of June I had the ponds ready for the reception of spawn
?

but it was not until the 20th that ripe oysters were found in sufficient

numbers to commence spawning regularly. From then until the end of

August oysters were opened every day, and when ripe oysters were

found the fertilized eggs were put in ponds 1, 2, 4, and 5. Although

young oysters were found twenty-eight days after the introduction of

the first lot of spawn into the ponds, only about six or seven hundred

oysters were on the collectors when they were taken up in October.

The variation of density of the water in the ponds was very slight,

not over .0003; and under ordinary conditions the variation between the

bay and ponds averaged about .0004.

From the results obtained I think it of the greatest importance that

the pouds used in artificial oyster culture should have the full rise and

fall of the tide, which is impossible when the water has to be filtered to

prevent the escape of the artificial spawn and the introduction of nat-

ural spawn.

Ponds 4 and 5, from which most of the spat was obtained, were the

only ones where any considerable change of water existed, pond 4 being

directly connected with the bajT
, and the condition of the soil around

pond 5 being such as to allow the water to pass through it freely. Evi-

dence in support of this can be found in pond 3, where 20 bushels of

spawning oysters were put, and where poorer results were obtained than

in any other pond except No. 1, which had the least circulation of any.

water having to pass to it through ponds 2, 3, and 4.

The sand filters attached to the flumes became so foul in two or three

days that no water could pass through them, and were so constructed

that they could not be cleaned ; they were changed, however, several

times during the season, but soon became clogged again.

I had hoped from the improved condition of the ponds that the col-

lectors would be free of sediment, but, with the exception of pond 5,

their condition was much the same as in the previous season. Those

in pond 5 were perfectly clean, which was due to the free circulation

and the condition of the soil.

[1] 165
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The collectors upou which the best results were obtained were mortar-

coated slate, placed in wire trays, these trays resting on trestles S inches

in height, the under surface of the slate being always clean. Another

excellent and cheap collector was made of plastering-laths nailed to-

gether, about twenty-four in a bundle; these were either allowed to iloat

around in the ponds or sunk by tying a weight of some kind to them.

Several times during the spawning season for four or five consecutive

days no ripe oysters could be found, after which time nearly all the

oysters taken from the same places would be perfectly ripe. Though it

is impossible to assert that oysters spawn more than once during the

season, still it seems improbable, if there were ripe oysters at the time

I refer to, that none could be found.

During the year the bar at the entrance of Saint Jerome Creek has

been removed, and a channel 140 feet wide and with a depth of 9 feet

at low water has been dredged to the mouth of the south prong under
the directions of Col. S. T. Abert, United States engineer.

There no longer exists any reason why steamers plying between Balti-

more and Washington could not stop in here, giving the station direct

communication with those cities; and I hope that every effort will be

made to induce a steamer to stop at the wharfjust built, where a land-

ing can be made under all conditions of the weather.

IUdge, Md., May 17, 1886.
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XIII.—REPORT ON THE THERMOMETERS OF THE U. S. COMMIS-
SION OF FISH AND FISHERIES.

By J. H. Kidder, M. D.

CORRECTION.

In the earlier operations of the Commission its thermometers were

used as they came from the makers, without previous comparison with

standards. As the number of temperature observations increased, and

their importance became more evident, instrumental errors were re-

ported from time to time, which tended to discredit some of the obser-

vations, and to weaken the force of the inferences deduced from them.

In the comparison of temperatures observed at considerable depths in

the sea, where the differences recorded are small, instrumental errors

become particularly important, audit was decided by the Commissioner

that all the thermometers used by the Commission should be compared

and their errors noted before their issue.

This duty was assigned to me early in the autumn of 1S83, and the

report which follows covers the period from December 12, 1883, when
the first corrections were made, to May 1, 1885.

At the outset comparisons were made with two standard thermom-

eters, manufactured by L. Casella, of London, one graduated according

to the Fahrenheit and the other to the centigrade scale. These instru-

ments had been procured through the London agent of the Smithsonian

Institution, and had been verified at the Kew Observatory. The tubes

were certified to by the maker as having been thoroughly " seasoned"

before pointing, and the centigrade which survives (the Fahrenheit was
broken December 20, 1883), shows no change in the zero point up to

this writing.

Subsequently (February 28, 1881), two fine standards, both graduated

according to the Fahrenheit scale, were received from J. Hicks, of Lou-

don, which had also been verified at the Kew Observatory. One of these

instruments has been used in all comparisons since the day of receipt.

They are pointed to fifths of a degree, allowing a good reading to tenths

of a degree, and cover the range from 10° to 120° F.

The corrections were got at first by immersing the instruments to be

compared, together with the standard, in water contained in a large

cylindrical glass vessel, provided with a, ring stirrer and covered by a

[1] 185
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block of wood perforated so as to allow tlie instruments to pass through

and to hold them iu place. By agitating this stirrer, which was covered

with muslin to guard against breakage of the thermometers, up and

down, the water contained in the vessel was thoroughly mixed, and an

uniform temperature obtained throughout.

>iii]!arii»«*,].M\

This simple contrivance answers very well for ordinary thermometers,

the bulbs of which are exposed directly to the water, but admits only

two or three instruments at a time, owing to the comparatively small

volume of water which it contains. A square aquarium tank, with plate

glass sides and slate bottom, was therefore procured from E. W. Taxis,

of Philadelphia (received February 20, 1881). This tank is 18 inches

square by 1G inches high, and contains about 22gallonsof water. Within

the tank is a circular brass frame, to which a large number of thermom-

eters may be attached at once, and which may be revolved about a cen-

tral spindle by means of a winch-handle at the top. The water is stirred

to an uniform temperature by turning the winch-handle, and is in suffi-

ciently large volume to maintain a sensibly constant temperature for

five minutes. The temperatures of the thermometers to be compared

and of the standard can be read in this apparatus through the plate-

glass sides, and a full series of readings, from 32° to 100°, can be taken

without removing the thermometers from the frame.

For the "zero point," or 32° F., the thermometers to be tested arc

immersed in finely broken ice, contained in large glass percolators, 12

inches wide by 12 inches deep, with a small opening at the bottom for

the escape of water as fast as the ice melts. These percolators are sup-

ported upon suitable iron tripods, and will hold eight thermometers each,

without so crowding the instruments that one shall affect another.
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For deep-sea thermometers, which are protected against water press-

ure by a double glass bulb, and which are therefore slow, and require

exposure to a constant temperature for at least ten minutes, a con-

trivance is used, for the plan of which I am indebted to Mr. T. Russell,

of the U. S. Signal Service, and which is illustrated by the sectional

diagram, Fig. 2. A is a galvauized-iion can (in this case a 3| gallon

Fio. -Comparing jar for deep-sea thermometers.

lard can), 13J inches high by 11 inches wide ; B is an earthenware jar,

1 1 inches high by 8 inches wide ; is a tinned copper pot, fitting pretty

closely into B, and suspended by a flange at the top. Inside of C is a

copper frame, movable about a central spindle, to which the thermom-

eters are attached. A ring stirrer moves in the space between A and

B, and another in the space between C and the thermometer frame.

When the temperatures to be observed are below that of the air, the

spaces between A and B and within C are filled with water, that in the

outer space being from 5° to 10° colder than that in contact with the

thermometers. It is advisable that these latter should be immersed for

a time in water near the temperature sought, before transferring them to

the comparing jar. By agitating both bodies of water briskly with the

stirrers, and observing the standard thermometer (in the inner jar) from
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time to time, a sensibly constant temperature will at length be reached,

at which the gain in temperature of the water in the inner jar by contact

with the warmer air at its surface is very satisfactorily compensated

by its loss through the air space between B and C and the badly con-

ducting walls of B. For temperatures higher than that of the air, the

water in the outer jar must be warmer than that in the inner. No pos-

itive rule for differences in the temperatures of the water in the inner

and outer jar can be established. It may be said, however, in general

terms, that the greater the difference between the temperature of the

air and that desired for the comparison, the greater should be the differ-

ence between the temperatures of water in the outer and inner jars.

On the 13th March, 1884, seven Negretti-Zambra thermometers were

compared at every 10° from 32° to 82°, and I find it noted that " the appa-

ratus worked well, showing no change in forty -five minutes exceeding

'

0.1° at any temperature below 80°." On September 10, it is noted that

" there was much difficulty, temperature of room being 80°, in keeping

the water near a constant low temperature. The change was very reg-

ularly 0.2° every five minutes." On September 11, air being S2°, ice and

water in outer jar, temperatures of water in the inner jar varied as fol-

lows : At 12 hours 40 minutes water in inner jar is 38°
; at 12 hours 45

minutes water in inner jar is 38.2° ; at 12 hours 50 minutes water in

inner jar is 38.0°; at 12 hours 55 minutes water in inner jar is 38.0°
;

at 1 hour minutes water in inner jar is 39° ; at 1 hour 10 minutes

water in inner jar is 39°, at which last figure the comparisons were made.

The above will serve as an example of numerous series of observa-

tions, with widely differing results. Sometimes more than an hour's

patient watching is required ; at others the constant temperature is

reached in a few minutes, and may be maintained long enough for prac-

tical purposes by cautiously adding cold or warm water, as the case

may be, to that in the outer jar.

To avoid parallax error in reading, the jars are levelled, and readings

taken by aid of a hand-lens, with the eye and top of the mercury col-

umn at the level of the top of the outer jar, across the two sides of

which the reading is ''sighted," the thermometer being held in contact

with one of the walls of the jar, and parallel with the central spindle of

the frame, to insure its perpendicularity. Comparisons of readings

taken in this simple way with readings taken by cathetometer, the

thermometer being secured in a perpendicular position, show no per-

ceptible error.

Since none of the thermometers in general use by the Commission are

pointed to divisions less than 1° F., or need to be corrected for its pur-

poses at temperatures above 100°, the contrivances above described

have been found to afford as great accuracy as is practically required.*

* For a good description, Avitli illustrations, of the more exact methods followed at

the Kew Observatory, see Mr. Francis Galton's paper in ilie Proceedings of the Royal

Society of London for March 15, 1877 (vol. xxvi, p! 84), entitled "A description of

the process for verifying thermometers at the Kew Observatory."
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Corrections are furnislied to the nearest (estimated) 0.1°, with a prob-

able error in estimation not exceeding 0.2°.

I have tested a number of different observers, and find that the prob-

able parallax error in reading, by those who use the thermometers in

practice, is not far from 0.3°. It seems to be a difficult thing to hold a

thermometer perpendicularly opposite the eye, some observers tipping

it forward a little, and some backward, with a consequent change in

the apparent relative positions of the top of the mercury column and
of the scale behind it. This cause of error applies to all observations

made previous to last June, when a reading lens was contrived which

now insures uniformity. (See p. [28].)

There is a probable small inaccuracy in the comparisons of "Miller-

Casella" thermometers, due to the difficulty of reproducing in laboratory

comparisons the great pressures met with at considerable depths in the

sea, which will be discussed more fully hereafter.

Up to May 1, 1885, 185 thermometers have been compared in one or

other of the ways described. Of this number, 60 were Negretti-Zam-

bra deep-sea thermometers ; 15 were Miller-Casella deep-sea thermom-
eters ; 31 were Wilder protected water thermometers ; 1G Wilder deck
thermometers ; 14 were salinometer thermometers : 7 were Green deck
thermometers; 12 were hygrometer thermometers; C were standard

thermometers ; and 24 were various patterns no longer in use.

When issued each thermometer is accompanied by a printed blank,

corresponding to a stub slip in the rating book, and filled out for

each poiut at which a comparison is made. Following is a copy of one
of these comparison blanks, with corresponding stub slips, the correc-

tions being stated, for convenience, on the blank issued, at intervals of

10°, near the readings actually taken.

U. S. COMMISSION, FISH
AND FISHERIES.

THERMOMETER RATING.

F. C. No. _.

Maker's No.

By

CENT1C1KADK.

U. S. COMMISSION, FISH AND FISHERIES

KAHKENnEir. THERMOMETER RATING.

Rated with attachments.

F. C. No. Maker's No.

By
, .

Corrections to ho applied to the scale readings, determined by
comparison with the standard instruments of the Fish Com-
mission.

Note I.—When the sign of the correction is +, tho quantity
is to be added to the observod reading, and when
— , to bo subtracted from it.

II.—This instrument should bo returned within two
years to be tested again.

Washington, D. C,

188 .
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THE INSTRUMENT.

The following are the kinds of thermometers principally used by the

Commission:

(1) Beclc thermometers (Fig. 3).—These are in form like the "brew-

er's thermometers" of the trade; plain tubes with round bulbs, gradu-

ated upon a white metal scale to divisions of 2° F., and

ranging from — 30° to + 120° F. They are inclosed in

plain copper cases, open in front, with a cup at the bot-

tom, perforated by a central hole. This cup can be closed

by a cork and will then hold water. Made by Charles

Wilder, of Peterborough, IN". II., in two sizes, 10 inches

and 14 inches long, used mostly for air temperatures and"

for temperatures of surface water.

These instruments, although cheap and not pointed to

less than 2°, are now very trustworthy, the maker fur-

nishing the Commission with " seasoned" tubes. The first

seven received showed a maximum error of 1.1°, mini-

mum 0°, and mean of 0.32°, between 32° and 92°. The

last nine arc, much better, showing a maximum error of

0,5°, minimum of 0°, and mean of 0.1°. The spaces in

graduation arc wide, and might profitably be divided so

as to indicate single degrees.

Six deck thermometers, of similar form to those above

described, made by J. & II. J. Green, of New York, are-

graduated upon the stems to intervals of 1°, and rate with

remarkable uniformity, with a maximum error of 0.3°,

minimum of 0°, and mean of 0.1°.

(2) "Protected" thermometers, with round bulbs, grad-

uated upon a white-metal scale to 1° intervals, and rang-

ing from — 30° to 120° F. These thermometers are in-

closed in cylindrical copper cases (devised by Professor

Baird in IS73), with a hinged door in front. There is no

perforation in the bottom of the cup, which is 3 inches

long by If inches wide (Fig. 4) ; total length 12 inches;

a stout ring at each end ; made by Charles Wilder, of

Peterborough, N. II.; used mostly for reading water temperatures at

light-houses, and at shore stations of the Commission. For depths down
to live fathoms these thermometers will indicate closely the temperature

of the water below the surface, some of the water being caught and held

by the cup at the bottom. The cylindrical copper cases protect the

tubes from damage by striking against rocks, &c.

These thermometers also show a considerable improvement in accuracy

since the maker has been furnishing seasoned tubes. The first four com-

pared gave a maximum error of 1.3°, minimum of 0°, and mean of 0.58°.

The next fifteen showed a maximum error of l°,^iuimum 0°, mean 0.34°.

J

FIG. 3.—Deck ther-
mometer.
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The last eleven showed a maximum error of 0.3°, minimum 0°,mean 0.07°.

A single instrument gave the very largo error of maximum 1.8°, mini-

mum 1°, mean 1.5°, due to the sliding of the tube

on the scale, the tip of the tube holding it at the

top having been broken off. These instruments

would be greatly improved by being pointed

also upon their stems.

(3) Thermometers attached to the Coast Surrey
u saUnomcter v cans.—Simple tubes, with round

bulbs, protected by a perforated brass cage, grad-

uated to 1° intervals upon a white-metal scale.

Since March, 1885, graduated also, upon the steins;

range from 30° to 100°. Fitted to slide into the

front of the Coast Survey salinometercups; made,

by Giuseppe Tagliabue and John Tagliabue, of

New York. Used only in connection with salin-

ometers.

Three of these thermometers (old) made by G.

Tagliabue, show a maximum error of 1.2°, mini-

mum of 0°, and mean of 0.5°. Five made by J.

Tagliabue show a maximum of 1.1°, minimum
of 0°, and mean of 0,07°. Six last received from

J. Tagliabue, pointed on stems, and of improved

quality, show maximum error of 0.6°, minimum
of 0°, and mean of 0.2G°.

(1) "AliUer-CaseUa" deep-sea, thermometers.—
These instruments are a modification of Sixes

self-registering thermometer, consisting essen-

tially in the protection of the larger bulb, which

contains the expansible fluid acted upon by
changes of temperature, by an inclosed sealed

glass cylinder nearly filled with alcohol. By this

device the effect of pressure at great depths be-

low the surface of the sea is neutralized, the press-

ure being taken up by the fluid and vapor con-

tained in the outer cylinder.

The following description, condensed from

Lieutenant-Commander Sigsbee's Deep -Sea
Sounding and Dredging (Washington, 1880, page

108), will explain the construction and operation

of the instrument. (See Fig. 5.)

A thermometer tube, bent in the form of U, is

fastened to a vulcanite frame and backed b}r a white glass slab, marked
by graduated scales. The limbs terminate in bulbs, one much larger

than the other, and the U is occupied by a column of mercury which

serves as an index. The large bulb and part of limb not occupied by



192 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [8]

mercury are wholly filled with a mixture of creosote and water.* The
smaller bulb aud limb are partly filled with the same mixture aud partly

with compressed air. On each side, iu

the tube above the mercury, is a small steel

index, having a human hair tied around its

upper end to keep it in place. The fluid

acted upon by temperature is that in the

larger bulb. As the temperature rises

the mercurial column is forced over into

the other limb, driving the index before

it. As the temperature falls the com-

pressed air in the smaller bulb acts as a

spring to send the mercury back again,

driving the other index before it, and

leaving the first index at the highest point

it had reached. It is thus a self-register-

ing maximum and minimum thermometer,

and the scales are therefore graduated in

opposite directions. The steel indices are

set by means of a small magnet, grooved

across its poles to permit close coaptation

to the tubes. The larger bulb is made
double, according to the recommendation

of Dr. W. A. Miller, vice-president of the

Royal Society (in April, 1SG9), being sur-

rounded by another bulb, and the inter-

vening space nearly, but not quite, filled by alcohol. Made by Mr. L.

Casella, of London.

In the original form of this instrument, invented by Negretti and

Zambra (see page [13]), this space between the larger bulb and its pro-

tecting shield was partly filled with mercury, a better conductor of heat

than alcohol. The instruments are advertised as having been sub-

jected to hydraulic pressures equal to five tons to the square inch, be-

fore leaving the makers' hands.

The Miller-Casella thermometers now in stock and recently in use

by the Fish Commission agree with the foregoing description and with

Fig. 5, excepting in that the "aneurisms, "t as Professor Tait has called

them, or little swellings of the tube near the bends of the U have been

omitted, perhaps because ofProfessor Tait's criticisms. The form figured

is that which was first used in the cruises of the Porcupine in 18G9 and

1870, of the Pomerania in 1872, by the Norwegian expedition in 1876-'78,

" Iu the Challenger Narrative, vol. i, p. 86, it is stated that the hulb contains creo-

sote and alcohol.

t From dvEvpv6/.ta, a swelling (dvd and Evpvi), not a—vsupoi, as more com-

monly derived. (Scientific Results Voyage of Challenger, Narrative, vol. 2, Appendix A,

Fig. 5.—The Miller-Casella deep-sea ther-
mometer, iu ami out of case.
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in the cruises of the Valorous in 1875, of the Challenger in 1873-'76, of

the Nares Arctic Expedition in 1876, and by the U. S. Coast Survey

and Fish Commission up to a recent date.

Although justly regarded as a most important improvement upon the

unprotected Sixe's thermometers used prior to the year 1869 (with ex-

ceptions to be hereafter noted), these instruments are not free from de-

fects and individual peculiarities, which have doubtless often led to

erroneous readings.

In the first place, the indices are likely to slip, especially since the

use of steam winches and of wire for sounding, imparting a peculiar

jarring motion to the whole line. "Even a slight jerk causes the index

to move up or down," says Sir Wyville Thomson, * who found one or

two thermometers to be wrong from this cause "in almost every serial

temperature sounding."

Then, again, since these thermometers register only the maximum
and mininimum temperatures which they encounter, in the possible case

of a warmer stratum of water underlying a colder one of less specific

gravity, or in the case that the air is colder than the water, the final

registration may not be a correct indication of the temperatures met
with, the instruments registering on their minimum sides either the

temperature of the colder overlying stratum of water, or of the air,

which may be inadvertently or ignorantly read as that of the greatest

depth measured. When the air is colder than the water the thermome-

ters may be artificially warmed before sending them down, but a

colder overlying stratum of water offers much greater difficulties, which

were fully recognized by the Challenger observers. Sir Wyville Thom-
son says, to this point :t "Very frequently, especially at considerable

depths, where the differences were very slight, thermometers sent to

greater depths gave indications higher than those above them. * * *

I have no hesitation therefore in saying that a single indication with a

thermometer on Sixe's principle is not trustworthy, and that a fact in

temperature distribution can only be established by a series of corrobo-

rative determinations."

Another peculiarity, which fortunately tends to compensate that last

described, is that these instruments are extremely sloiv. According to

my laboratory observations quite twenty minutes are required for the

change from the temperature of the air (60°-70°) to the freezing-point,

the thermometers being immersed in melting ice.f It is possible that,

inasmuch as a self-registering thermometer in actual use is recording

*Voyage of the Challenger. The Atlantic, vol. 2. p. 259. See also Sigsbee's Deep-

Sea Sounding and Dredging, p. 110.

\Op. cit., vol. 2. p. 260; also Sigsbee, p. 112. "From what has been said it is seen
that a maximum and minimum thermometer is not well adapted to ascertaining the

temperature of intermediate warm or cold strata."

t See also Commander Beardslee's observations, Rep. Com. Fish and Fisheries, 1877,

App. C, and Coast Survey comparisons, quoted by Sigsbee, op. cit., pp. 114-119.

S. Mis. 70 13
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during its descent through the water, the time figures deduced from

laboratory observations may be too large ; but it seems hardly safe to

rely upon seven minutes' exposure, as directed by Sigsbee, in the opera-

tions of the Blake (op. cit., p. 23), and still less upon five minutes' ex-

posure, as was directed and followed in the Challenger work.*

Unless the thermometers are always kept bulb uppermost (for which

reason the makers ship them in cases of a pyramidal formXthe mercury

is very likely to get above the indices. In such an event the index may
be drawn by the magnet into the small enlargement just below the bulb,

when the mercury will free itself and drop back into the tubes ; but it

will not always be easy to get the index back into the tube again, as it

is likely to tip under the influence of the magnet, and to catch against

the sides of the small enlargement. In the course of the tapping upon
a table and swinging the thermometer about the bead, which are to be

tried in case of such an accident, it is very likely that the tube will be

started a little from its right place upon the scale, since the fastening

which is intended to secure the tube at the bend of the U is a soft cop-

per band, fastened by one end only, probably to allow for expansion or

contraction of the glass, under wide variations of temperature or

pressure.

As to breaks in the mercurial column, an accident common to all

mercurial thermometers, and other small mischances which may be

remedied by the observer himself, I cannot do better than refer to Sigs-

bee's monograph, already often quoted (p. 110), for clear and practical

directions as to all that may be safely done without sending the instru-

ments back to the maker for repair.

Pressure errors.—In the Challenger observations a subtractive correc-

tion of about i° F., applied to the maximum side, was assigned by Dr.

Wyville Thomson for every mile of depth below the surface of the sea.

This correction was the result of a series of careful observations made,
with the aid of a powerful hydraulic press, by Capt. J. E. Davis, R. N.,t

assisted by Prof. W. Allen Miller and others. Since the return of the

Challenger, and during the three years preceding July, 1881, the press-

ure-error of these thermometers has been made the subject of especial

examination by Prof. P. G. Tait, whose conclusions are published as

Appendix A of the second volume of the narrative part of the " General

Eeport on the scientific results of the voyage of H. M. S. Challenger,"

already cited. In the experiments of both Captain Davis and Professor

Tait, the thermometers were subjected to heavy pressures in a hydraulic

press, and the phenomena presented were similar in both series. Pro-

fessor Tait concludes, however, that Captain Davis's corrections (and

consequently those of the Challenger report) are too large, for the follow-

ing reasons : In the first place the water in the press is heated by com-

* Challenger Narrative, vol. 1, p. 120.

t See his paper on "Deep-sea thermometers" in Proceedings of Meteorological

Society, April, 1871.
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pression, but the amount of heat developed is dependent in a very curious

manner upon its original temperature. Ifcompressed at the temperature

of its maximum density, the water is neither heated nor cooled, but is

heated when compressed at a temperature above, and cooled when com-

pressed at a temperature below its maximum density ; and the wider

the divergence of its original temperature from that of its maximum
density, the greater is tbe effect produced. Captain Davis combined

one set of observations taken near, but below, the temperature of maxi-

mum density, with a number taken near 55° F., striking out (unfortu-

nately), as probably erroneous, all observations which differed much
from the majority of the others. By an interesting graphic diagram

Tait shows that the true figures for temperature correction, according

to Davis's experiments, lie in a line coinciding much more nearly with

that indicated by his rejected observations than by those which he

adopted.

Professor Tait found by experiment that a Phillips self-registering

mercurial thermometer,* wholly inclosed in a sealed glass tube, nearly

filled with alcohol, as suggested by Sir William Thomson, t was "abso-

lutely perfect, so far as regards immunity from pressure" (p. 7). So that

the pressure error of the Miller-Casella thermometer, the bulb of which is

protected in precisely the same way, is due almost, if not quite, entirely

to pressure upon the stem. For tubes of uniform caliber throughout,

it was found by experiment that the effect of pressure upon a tube

similar to those of these thermometers would be an elongation of about

T
_i__ of the length of the column of mercury for each ton weight ap-

plied to the outside of the tube (or about 800 fathoms of depth). As
the elongation will occur iu both legs of the U, and as increase in press-

ure is in practice (at sea), associated with decrease in temperature, this

correction for pressure should have been applied also to the minimum
scale, instead of, as was the fact, to the maximum only.

As the instruments used by the Challenger were actually constructed,

each leg of the U contained an " aneurism," or small enlargement,! near

the bend, intended to facilitate recovery of the steel index when it had

been lost in the mercury. These swellings appear to be larger than they

really are in the ratio of 1.6 (the refractive index of glass) to unity, but

were actually found by Tait, in several instances, to contain five times

as much mercury as a similar length of thermometer tube, and, conse-

quently, to produce five times as great an error.

* A mercurial thermometer, self-registering by an index produced by a break in the

column. Invented by Prof. John Phillips, of Oxford. First used at Kew in 1851.

The principle is now universal in clinical thermometers.

t "The effect of pressure in lowering the freezing point of water." Proc. R. S. E.

February, 1850.

t The "aneurisms" were first added to Sixe's thermometers by Aime", in 1844, to pre-

vent the mercury from passing by the indices. Ann. de CMmie et de Physique, Ser. 3, t.

xv, p. 5 (1845).
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I have gone somewhat fully into this matter of pressure error because,

if Professor Tait's results are to be accepted as correct (a conclusion

strongly favored by internal evidence), the pressure corrections applied

to observations made with the Miller-Oasella thermometer hitherto

may safely be disregarded, and the laboratory corrections under ordi-

nary atmospheric pressures, which I was at first disposed to regard as of

little value, because of the difficulty in reproducing the conditions pre-

vailing at great depths under the sea, may be accepted as practically

exact. For the outcome of Professor Tait's inquiry (the details of which

would be too voluminous for this report) is that Captain Davis's correc-

tions, although corresponding closely with those obtained in similar

experiments by Tait, are misleading, because of certain facts brought

out for the first time by the later inquiry. Not only is there some error

in the allowance by Davis for the heating of water by compression in

the press, but there are errors due to the heating of the vulcanite

mounting and of the glass protecting bulb, by pressure,* discovered

for the first time by Tait, which could not have been known by the

former experimenter. Professor Tait concludes that for thermome-

ters without aneurisms the correction will not exceed 0.05° for every

ton of pressure (nearly a mile in depth of water) applied to the mini-

mum scale, and that in no case need the correction to the minimum
scale exceed 0.14° per mile in depth ; a correction which, considering

the probable parallax error in reading on the unsteady deck of a ship,

may be safely disregarded as less than the probable error of observa-

tion for the depths usually explored.

At present, and since the year 1877, the Miller^Casella form of deep-

sea thermometer has been very seldom used by the Fish Commission,

its place being filled by the Negretti-Zambra thermometer, constructed

on a quite different principle. Only fifteen in all have passed through

my hands, and of these the first six were called for immediately, as a

reserve supply for the winter cruise of the Albatross in 1883-'84. They

were compared only at 32° F., at which point none of them showed

any error. The other nine, still on hand, are a lot of old instruments

which had been more or less damaged by careless handling, and have

been repaired by the makers. Some of these show rather unusually

large errors, apparently because of displacements of the stems upon the

scale-plates. One is unserviceable from the jamming of its index in the

small enlargement at the top of the minimum tube. One marks 31° in

melting ice on the maximum side (31.5° on the minimum side). Of the

eight still serviceable the maximum error is 1°, minimum 0°, and mean
0.18°.

When used with a due regard to the causes of error already noted,

* All of these heating effects are of course peculiar to the laboratory experiments,

and do not affect observations at sea, where the heat is at once conducted away by

the surrounding water.
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these instruments answer well the purpose of their construction, and
have, in fact, been the means by which most of the best modern tem-

perature observations beneath the sea have been made. Now that the

small aneurisms near the bends of the U have been given up by the

makers, it appears that the pressure error may be safely disregarded

in practice (excepting at very great depths, when Professor Tait's tables

will be found useful), and that the laboratory corrections, under ordi-

nary atmospheric pressures, will answer every practical purpose.

This form of deep-sea thermometer, under its present name, is a cu-

rious example of re-invention within a shorter time than usual after the

original publication of its conception. As now advertised and used, it

is commonly supposed to be the invention of the late Dr. W. A. Miller,

vice-president of the Eoyal Society in 1869, and to have been first used

in the cruise of the Porcupine in that year. The invention consisted,

as has been already said, in the protection of the larger bulb of a Sixe's

thermometer by another cylindrical glass tube, hermetically sealed

about it and partly filled with alcohol. There is no reason to doubt that

Dr. Miller promulgated his invention in good faith, but there is also no

reason to doubt that an exactly similar, and perhaps more effective, in-

strument of the same sort had been made so early as 1857.

In that year the late Admiral Fitzroy, acting under a suggestion by
Mr. Glaisher, requested Messrs. Negretti and Zambra to endeavor to

protect the bulb of Sixe's thermometer against sea pressures, which was
successfully accomplished by inclosing the bulb in an air-tight glass shield,

nearly filled with mercury to promote conduction of heat.* Some fifty

of these instruments were made for and purchased by the* hydrographic

office of the admiralty. It appears to be certain that these instruments

were used by Captain Pullen, in the voyage of the Cyclops, which be-

gan in 1857. Forty-one important observations were taken in the North

and South Atlantic, the Indian Ocean, and the Ked Sea, at depths from

2,400 to 16,000 feet, with "Negretti and Zainbra's protected Sixe's ther-

mometers."t Pullen noted that the maximum index often shifted, indi-

cating that he used the instrument provided with both maximum and

minimum scales.

From an account published by the makers in 1864,$ I infer that the

original form was precisely like Sixe's thermometer§ with a double curve,

* Meteorological Papers, No. 1, July 5, 1857.

t J. Prestwich, on Submarine Temperatures, &c. Phil. Trans. Roy. Soc. Vol. cIxt

(1875), p. 608.

JA Treatise on Meteorological Instruments, Negretti and Zambra. London,

1864.

$ Invented by James Six (or Sixe) of Canterbury (or Colchester), in 1782. In the

original account (Trans. R. S., vol. lxxii, p. 72, 1782) Mr. Six states that "our ther-

mometer resembles in some respects those of M. Bernoulli and Lord Charles Caven-

dish," the invention claimed consisting in the mode of registration. A thread of glass

was at first used, instead of a hair, to hold the index in place.
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Fig. 6.—Sixe's self-register-

ing maximum and mini-
mum thermometer.

excepting in that the larger bulb was protected as described above.

(Fig. 6.) A smaller and more compact instrument, with the tube bent

but once, in U -shape, was constructed for the reg-

istration of minimum temperatures only. The cop-

per case inclosing this last-named instrument was
made, by a poppet valve at the top and bottom,

opening up ward, to serve also as a water-bottle.

(Fig. 7.)

After the appearance of the form

now in common use, under the name
of the "Miller-Casella" or "Casella-

Miller" deep-sea thermometer, the

question of its authorship was made
the subject of a somewhat acrimo-

nious correspondence in Nature (Oc-

tober aud November, 1873), between

Mr. Casella and the Messrs. ISTe-

gretti and Zambra, which resulted

in satisfying the editor of that peri-

odical that " the whole credit of the

double bulb belongs to jSegretti and

Zambra." This statement, although

conclusive as regards the contro-

versy between the two firms, is

somewhat too positive to be ac-

cepted as establishing absolute pri-

ority of invention, since the use of a double cylinder

to meet pressure error was made sufficiently familiar by

Sir William Thomson's paper on the "Effect of pressure

in lowering the freezing point of water," published in

1850,* in which his "thermometer was entirely inclosed

and hermetically sealed in a glass tube," and had been

known to marine investigators at least as early as 1822,

when Sir Edward Sabine used a strong iron cylinder for

this purpose ; t if not, as has been supposed by Sir

"Wyville Thomson and the authors of the Challenger

Narrative, to Sir John Boss, in 1818.

The Negretti-Zambra deep-sea thermometer, as at

present used, is represented by Fig. 8. Mercury is the

thermometric fluid, aud the bulb is about 2 inches long

by one-half inch in diameter. Just beyond the bulb

the tube is curved like the Greek ^ laid upon its side,

the convexity of the curve being widened into a small

reservoir, beyond which the tube is constricted in a particular man-
ner. At the upper end of the tube is a small pyriform enlargment. The

* Proc. R. Soc. Ed., January 2, 1649, and January 1, 1850.

tPhil. Trans. R. Soc, vol. cxiii (April 17, 1823), 1823.

[G. 7.—"Negretti-
Zambra self-regis-
tering min i m n m
deep-sea thermom-
eter.
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instrument is graduated upon its stem towards the bulb in intervals of
1° F., and a white enamel backing facilitates readings. The "whole

tube, including the bulb, is surrounded by a glass

protecting cylinder, sealed at both ends, to take up
the pressure of the sea water, and is 9i inches in

length. That portion of the protecting cylinder which
covers the bulb is nearly rilled with mercury, confined

by a partition cemented about the neck of the bulb,

to promote conduction of heat between the bulb and
the surrounding water. Made by Messrs. ISTegretti

and Zambra, of London.

When in use, the thermometer is attached to a sound-

ing liue, and lowered into the water bulb downward.

At the desired depth, after a sufficient delay to insure

its having taken on the temperature of the surrounding

water, it is overset; the portion of mercury contained

in the tube above the constriction

breaks off at that point and stands

opposite the scale-reading corre-

sponding to the temperature. It

may be read at any time, provided

that it be kept in a reversed posi-

tion, the enlargement at the end of

the tube farthest from the bulb

being too small to be seriously af-

fected by ordinary temperature

changes.

The first form of this valuable

invention, as presented to the

Eoyal Society of London, by Henry
^egretti and Joseph Warren Zam-
bra, March 12, 1874,* was a siphon

tube, with parallel legs and a con-

siderable enlargement at the bend.

(Fig. 9.) Instead of the double

curve, small reservoir, and con-

striction in the tube of the later

forms, there was a single funnel-

shaped curve above the bulb, con-

taining a small glass plug, similar

to that used in Negretti and Zarn-

bra's patent maximum thermom-
eter. The office of this plug was to

close the tube on reversal and cause

the column of mercury to break off

at that point. The instrument was

&Li

Tig. 8.—The Xegretti-
Zanibra self-register-
ing deep-sea thermom-
eter, modern form.

Fig. 9. — Xegretti and
Zambra's self-register-
ing deep-sea thermom-
eter, earliest form.

* Proc. Royal Society, 1874. Vol. 22.
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pivoted near its center, upon a frame, and a small rudder or fan was

geared to the pivot. This rudder pointed upward during the descent

of the instrument, and downward during its ascent, making a half revo-

lution at the moment of reversing the di-

rection of motion, which produced a com-

plete revolution of the thermometer. The
broken part of the mercurial column in

the tube dropped first into the enlarge-

ment at the bend, and then passed over

into the other leg, where its height, and
the temperature at the time of reversal,

could be read on the scale. The bulb was
protected as in the Miller-Casella instru-

ment.

Subsequently a frame was constructed

carrying a screw-propeller (Fig. 10), which

revolved freely during the descent of the

instrument but engaged a train of ratchet-

work as soon as the direction was changed

to ascent, and .caused the thermometer to

revolve once upon an axis near its center,

first to bulb uppermost, catching the sep-

arated column of mercury in the bend of

the siphon, and then to bulb downward
again, allowing the mercury to flow into

the other limb of the tube, where the

temperature was read. A specimen of

this form was purchased by the Coast

Survey and tried by the Blake in 1875,

"but itwas so cumbersome, expensive (the

advertised price was 10 guineas), and left

so much open to doubt in its indications,

that it was reported on adversely to the

Superintendent."* Several were also

sent out to the Challenger and tried dur-

ing the cruise. At first, Staff Commander
Tizard reports thatt "it was found in

practice that the propeller being arrested

over the thermometer, after it had over-

turned, brought such a strain on the cog-

wheel as to twist it off its spindle and

cause its loss." This difficulty was reme-

died by the chief engineer of the Chal-

lenger, Mr. Ferguson, but the record of

the instruments was not found to be satisfactory. Four that were tried

Fig. 10.—Early form of Negretti-Zambra
self-registing deep-sea thermometer.

Sigsbee, op. cit., p. 114. t Narrative, vol. 1, p. 89.
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in the Sulu Sea (p. 91), disagreed materially with the Miller-Casella in-

struments sent down at the same time.

In the stock of old thermometers belonging to the Commission I find

one of the form represented by Fig. 11, which appears to be interme-

diate between that just described and the form now
in use, although, as the bulb is not protected, it seems

to have been intended for use in shallow water only.

The tube is bent twice upon itself, making an S- shaped

curve just above its bulb, and leaving the bulb in-

clined to the stem at an angle of 10 degree. Here I

first find a small reservoir in the curve of the bend,

and a constriction above, instead of a glass plug, for

breaking the column on reversal. The single speci-

men on hand is inclosed in a wooden case, which will

be described further on.

The Negretti-Zambra deep-sea thermometers were

first used iu this country by the U. S. Fish Commission

early in 1877, and were then of the form described

on page [15], Fig. 8. The construction is necessarily

handwork, and requires very expert glass-blowing, in

which a decided improvement has been noticed. Thus,

in 1879,- 1 reported that the instruments then under ob-

servation " have sometimes a trick of breaking the col-

umn in the wrong place, and so giving a false indica-

tion. In one instance I noticed that the break was di-

agonal, instead of being directly horizontal, as it should

have been. Professor Hind, of Halifax, informs me
that he has noticed the same defect, and has brought

it to the attention of the makers, who have assured

him that it has been corrected in their more recent

form of instrument." *

On the 18th of April, 1884, 1 note that of twelve Ne-

gretti-Zambra thermometers compared to date at 32°,

six show no error, four show +0.1°, one shows +0.2°,

one shows +0.63°. Maximum error (for the twelve), +0.60°; minimum,
0°; mean +0.2° (nearly).

Twelve compared on the 16th of September, 1881, at 32°, show a mean
error of 0.57°, of which two show +1°, three show +0.7°, three show

+ 0.5°, two show +0.3°, one shows +0.1°. The mean errors of all ther-

mometers of this pattern examined are given in full in the appendix.

The errors recorded are, as I think, larger than they should be, and
make it very dangerous to rely upon unseasoned instruments which
have not been recently compared. Some of the error is doubtless due
to rise in the zero point, the natural result of " seasoning" ; another part

* On the Temperature of Fishes. J. H. Kidder, M. D., surgeon, U. S. Navy, Proc.

Nat. Museum, March 25, 1880, p. 310.

Fig. 11.—Xegretti-Zam-
bra s e 1 f-registering
thermometer, inter-
mediate form.
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(perhaps) to the difference in pull between a long and a short column of

mercury, upon the main body at the breaking point. The possible op-

eration of this cause, tending to break the column a little nearer or a

little farther away from the narrowest constriction, is not made very

obvious by the comparisons, although it may explain some individual

peculiarities which have been noted.

As to such individual peculiarities the following notes may b6 of in-

terest as illustrating the frequency with which these instruments have

been found to break column in the wrong place

:

Fish Com-
mission
number.
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In 5 minutes from 62° to 35.5° 26. 5

In 6 minutes from 58° to 43° 15.0

In 7 minutes from 68° to 38.8° 29.2

In 8 minutes from 58° to 37° 21.0

In 9 minutes from 50° to 36° 14.

In 10 minutes from 60° to 37° 23.0

In 10 minutes from 72° to 32.6° 39. 4
In 1 1 minutes from 58.5° to 32.4° 20.

1

In 15.5 minutes from 60° to 32.4° 27.6

The change is rather irregular, depending somewhat upon the tem-

perature marked by the thermometer at the beginning of each experi-

ment, and partly upon the more or less close coaptation of the melting

ice to the outer case of the thermometer. The rapidity with which the

instrument is overset may also sometimes influence the position of the

breaking point, as in the following instance: Fish Commission No. 5157

(maker's No. 52752), immersed in water at 45.3°, overturned by a quick

movement read 45.6°, by slow movement 46.5°. In water at 46°, over-

turned by quick movement it read 46.1°, by slow movement 46.3°.

Even when compared without the investing metallic case now used at

sea, it seems that the reading cannot be safely depended upon with less

than ten minutes exposure, in laboratory comparisons. In practice, at

sea, since the thermometers are changing on their way down, and the

water in contact with them is continually renewed, it is probable that

a less time may serve. The use of self-oversetting cases insures uni-

formity in the quickness of the turn. The present rule in the work of

the Commission is to leave the thermometers down for ten minutes.

An annoying defect in construction, which might easily be remedied,

is the wide variation in graduation on the scales. In twelve thermome-
ters of this pattern, compared September 12, 1884, for example, the

range of graduation varied between 63° (+32° to +95°), and 112° (—25°

to +87°). The degree spaces in the first-named instrument are nearly

twice as wide as those in the last, and, since there is no pointing to

fractions of a degree, estimations of fractional parts are made much
more difficult by these inequalities in spacing, the eye gaining nothing

by practice with one thermometer when another is substituted for it.

The Negretti-Zambra thermometer, as at present constructed, leaves

little to be wished for as a deep-sea temperature recorder, beyond some
improvement in the details of construction. The mode of protection

absolutely does away with pressure error, and the use of mercury in

the bulb-case has raised its sensitiveness to a point considerably above

that of the Miller-Casella. With a little greater certainty in the for-

mation of the column-breaking contrivance, and a good deal more uni-

formity in the graduation of the stem, there need be no fear of erro-

neous indications from any depth that the glass protecting tube will

stand. With due care in noting untrustworthy instruments by labora-

tory comparisons, there should never be any possibility of recording an
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error exceeding one-half a degree. By increasing the length of the

stem and restricting the graduation to the range between 32° and 90°,

it would be possible to point the stem to fifths of a degree, for special

observations at great depths, where the variations of temperature are

small.

With the exception of the single specimen tried and reported ad-

versely upon by the Coast Survey in 1875 (see p. [16]), the earlier forms of

reversing gear for these thermometers have never, to my knowledge,

been used in this country. As first used by the Fish Commission in

1877, the thermometers were inclosed in wooden cases, about 13 inches

long, secured to the sounding line by a lanyard about 6 feet long at-

tached to the bulb end. The case was hollowed out inside, and con-

tained a quantity of small shot, movable from end to end, sufficient to

nearly, but not quite, overcome its buoyancy in sea water. On send-

ing the case down the shot fell to its bulb end and tended to keep it

upright in the water. On reversing the motion and hauling in the line,

the case was overset, the shot ran to its other end, and tended to keep

its bulb uppermost. (Fig. 12.)

FiG. 12.—Negretti-Zambra thermometers in wooden cases, as first used by the Fish Commission.

For the moderate depths at first explored this contrivance answered

very well, due care being taken that the acts of lowering and hauling

in were continuous. At 800 fathoms, however, Commander J. E. Bart-
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iett, U. S. Navy, found the wooden cases shriveled and compressed *

(the pressure at 800 fathoms is about a ton to the square inch), so that

their buoyancy "was quite lost. Professor Hilgard, of the Coast Survey,

suggested the use of a metal case, filled with paraffine, but I do not know
that the suggestion was ever carried out.

Lieut.-Commander (then lieutenant) Z. L. Tanner, U. S. Navy, com-

manding the Fish Commission steamer Fish Hawk, noted in 18S0 that,

"The bottom and intermediate temperatures were unreliable, owing to

the use of the Negretti-Zambra deep-sea thermometer in a sea-way, the

motion of the vessel being liable to capsize it at any time. It was the

results of this day's work [September 4, 1880] that led us to devise some

plan by which this admirable thermometer could be used under all con-

ditions of wind and weather. * * *

" Several devices were tried, and finally a simple gas-pipe, seven-

eighths of an inch inside diameter, was adopted. Several holes were

drilled in the end inclosing the bulb, a slit cut in the side to expose the

scale, and a pair of slip-hooks held in position by a small spring placed

in the opposite end. The ther-

mometer was then inserted, the

rubber guards used to protect the

shield in the wooden frame serv-

ing not only to hold it securely in

place but to protect it from sud-

den jars, and a lanyard of cod-

line, spliced into the end carrying

the bulb, completed the arrange-

ment.
" The messenger used for cap-

sizing the thermometer is of cast

brass, cylindrical in form, with

rounded ends. It is about 2

inches in length, 1 in diameter,

and has a three-eighths inch hole

through its center, well rounded

at the ends to prevent catching on

splices. Its weight is from 3 to

4 ounces.

" Fig. 13 shows both forms of

the Negretti-Zambra thermometer

arranged for descent. In the

modified form it is held firmly in

position by the slip-hooks through

which the stray-line passes.

"Having attained the proper

depth, and sufficient time elapsed

for the thermometer to indicate the temperature, the messenger, which has

* Sigsbee, op. cit,, p. 116.

Fig. 13.—Sounding machine, with Negretti-Zambra
deep-sea thermometers descending. Shows the
wooden case and the Tanner metallic case.
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been resting* in its cradle under the guide-pulley, is sent down the wire

and capsizes the thermometer by striking the slip-hooks and forcing them

pen, when, having lost its support, the instrument promptly reverses,

as shown in Fig. 14, where both forms are represented as on the ascent.

"•All buoyancy being destroyed by

substituting a metal case, the ther-

mometer is independent of the motions

of the vessel, either from rolling, pitch-

ing, or drifting. The line may be

stopped on the ascent or lowered again

without affecting the instrument in

any way. We have taken hundreds

of temperatures with the apparatus

described, under varying conditions

of wind and weather, with the most

satisfactory results."*

This device of Mr. Tanner's is the

first instance of the use of a metallic

case as a protective and reversing ap-

paratus that I find record of. Although

invented on the spur of the moment,

and to meet an unforeseen emergency,

it was found to answer its purpose as

effectually, if with less elegance of de-

sign, as any that has been since con-

trived.

The next improvement was the in-

vention of Passed Assistant Engineer

William L. Bailie, IT. S. Xavy, at-

tached to the Fish Hawk, and appears

to have been about contemporaneous

with the invention of the Magnaghi

case, adopted and sold by Xegretti

and Zambra in the year 1S82. It con-

sists essentially of a propeller and slip-

hook, inclosed in a metal case, which

screws to the upper end of the Tanner

case, its slip-hook having been re-

moved for the purpose. By this de-

vice, which is illustrated by Fig. 15,

the thermometer is reversed by the action of the propeller, " bringing

the screw in the upper part of the spindle into action, gradually rais-

ing, the propeller until the small part of the spindle at the lower end

allows the hook to open, releasing the wire, when the thermometer

* Report on the construction and work in I860 of the Fish Commission steamer

Fish Hawk, hy Lieut. Z. L. Tanner, U. S. N., commanding. (In Report of the Com-

missioner, 1881, pp. 32,26.)

Fig. 14.—Sounding machine, with Negetti
Zambra deep-sea thermometers ascending.
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capsizes and registers the temperature by breaking the column of

mercury."*

BifJ Sig- 2 Tin. 3.

Fig. 15.—The Bailie-Tanner deep-sea thermometer case.

The time consumed by the descent of a messenger in deep water is

saved by this device, and the distance through which the apparatus

must pass before the propeller releases the wire can be regulated at

pleasure, by a set screw, between the limits of 3 and 10 fathoms.

The Magnaghi case, invented by Commandante Magnaghi, of the

Italian navy, and sold as " Negretti and Zambra's patent improved
frame standard deep-sea thermometer," was found to be not well adapted
for use on a sounding wire, and was therefore not often used in the work
of the Commission. It is described by the makers as follows:

" The apparatus will be best understood, short of inspection, by ref-

erence to Pig. 16. A is a metallic frame, in which the case B, contain-

ing the thermometer, is pivoted upon an axis, H, but not balanced upon
it. C is a screw-fan attached to a spindle, one end of which works in

* Report on the work of the U. S. Fish Commission steamer Fish Hawk for the year

ending December 31, 1882, and on the construction of the steamer Albatross, by Lieut.

Z. L. Tanner, U. S. N., commanding. (In Report of the Commissioner, 1882, p. 11.)
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a socket, D, and on the other end is formed the thread of a screw, E,

about half an inch long, and just above it is a small pin or stop, F, on

the spindle. G is a sliding stop-piece, against which the pin F impinges

when the thermometer is adjusted for use. The screw E works into

the end of the case B the length of play to which it is adjusted. The

number of turns of the screw into the case is regulated by means of the

pin and stop-piece. The thermometer in its case is held in position by

the screw E, and descends into the sea in this position, the fan C not

/T\

^

izr

)»

Fig. 16.—The Magnaglii deep-sea thermometer.

acting during the descent because it is checked by the stop F. When
ascent commences the fan revolves, raises the screw E, and releases the

thermometer, which then turns over and registers the temperature of

that spot, owing to the axis H being below the center of gravity of the

case B, as adjusted for the descent. Each revolution of the fan repre-

sents about 10 feet of movement through the water upward, so that the

whole play of the screw requires 70 or 80 feet ascent; therefore the
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space through which the thermometer should pass before turning over

must be regulated at starting. If the instrument ascends a few feet by
reason of a stoppage of the line while attaching other thermometers, or

through the heave of the sea, or any cause whatever, the subsequent

descent will cause the fan to carry back the stop to its initial position,

and such stoppages may occur any number of times provided the line

is not made to ascend through the space necessary to cause the fan to

release the thermometer. When the hauling-in has caused the turn

over of the thermometer, the lateral spring K forces the spring L into

a slot in the case B and clamps it until it is received on board, so that

no change of position can occur iu the rest of the ascent from any cause.

The case B is cut open to expose the scale of the thermometer, and is

also perforated to allow the free entry of the water.

''The construction of the thermometer will be uiulerstood by reference

to the figure. The bulb is cylindrical, and mercury is thethermometri-

cal fluid. The neck of the bulb is contracted at A, and upon the shape
and fineness of this contraction the success of the instrument depends.

Beyond A the tube is bent, and a small reservoir is formed at B. At
the end of the tube a small receptacle, C, is provided. When the bulb
is downward it contains sufficient mercury to fill the tube, and a part

of the reservoir C, if the temperature is high, leaving sufficient space
for the expansion of the mercury. In this position no scale would be
possible, as the apparent movement of the mercury would be confined

to the space C. When the thermometer is held bulb upward, the

mercury breaks off at A, and by its own weight flows down the tube,

filling C, and a portion of the tube above. The scale accordingly is

made to read upward from C. To set the thermometer for observation

it is only necessary to place it bulb downward, then the mercury takes

the temperature just as an ordinary thermometer. Whenever the exist-

ing temperature is required, all that has to be done is to turn the ther-

mometer bulb upward and keep it in this position until read off. The
reading may be taken any time after."

To insure the prompt reversal of this instrument, which was found
sometimes to stick, an india-rubber band was applied during the cruise

of the Triton, in the summer of 1882.*

In the voyage of the Talisman a frame was used " construit rVapres les

indication* do M. Alphouse Milne-Edwards,"t which closely resembled

the Maguaghi frames without the revolving propeller. The detaching

apparatus consisted iu a lever attached to the sounding weight by a

light hempen string, and holding the thermometer in place. When the

weight was released the lever was pulled down by the string, setting

the thermometer free to the action of a spring, which caused it to over-

* Challenger Narrativo, vol. 1, part first, page 95.

t Explorations Sous-Marines. Voyage du Talisman. H. Filhol, in La Nature,

No. 55(3, January, 1884, page 135.

S. Mis. 70 14
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turn. The hempen string was so slight as to be easily broken when
the lever had reached the limit of its excursion. (Fig. 17.)

Tic. 17.—The Talisman thermometer
frame aurt sounding-lead.

gn/T -~-\

Fig. 18.—The Scottish thermometer
frame.

In the work at the Scottish marine station, at Granton, Edinburgh,

the Magnaghi case is modified in still another way by the substitution,

for the propeller, of a detaching lever at the top, as shown by Fig. 18,
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N1^

11 The thermometer T is supported on pivots, pp, in the frame F, and
kept in its upright position by tbe pin P, which dips into a groove in

tbe top of tbe instrument, and moves freely through two boles, h h, in

the frame. A lever, L, turning on a pivot in

the frame, works in a slot in tbe pin P, and
when its outer end is depressed tbe pin is

raised out of tbe groove G. A spiral spring,

S, keeps tbe pin in position wben not counter-

acted by tbe lever. Tbe forked end of t lie lever

embraces the sounding line, to which the whole

apparatus is attached when in use. * * *

Wben the pin P is raised, the thermometer
turns on its pivots by its own weight, and is

letained in the inverted position by the tootb

t, attached to tbe spring s, and fitting into a

hole in tbe projection/'.

u Tbe lever is elepressed by tbe fall of a weight,

B, called a messenger, along the line. The mes-

senger is the invention of Captain Ruug, of tbe

Meteorological Institute, Copenhagen. It is

made in two parts, so that it can be titted on

the line at any point without tiie trouble of

reeving.

"When the temperature is to be ascertained

at two or more depths simultaneously, a mes-

senger is hung by a cord to the top of each tber-

mometer, except the lowest, as shown in the

figure. Thus, when the first thermometer is in-

verted, a messenger is released, which inverts

tbe next, anel so on."*

This contrivance is called by its inventors

"the Scottish thermometer frame,-' and was

described by Mr. Hugh P. Mill in the Proceed-

ings of the Royal Society of Edinburgh, vol. xii,

p. 029, July, 1884.

The new pattern " Tanner case," which is now
used by the Fish Commission anel Coast Sur-

vey, was invented by Lieut. -Commander Tan-

ner in 1884. (Fig. 19.)

It is a modified combination of tbe Bailie-

Tanner and Magnaghi cases, retaining tbe pro-

peller gear and clutches for the sounding wire of the former anel one

of the upright sielc bars of the latter. The thermometer is pivoteel

at the bottom, and wben reversed comes up hanging clear of the

Fig. 10.—Tbo Tanner ther-

mometer case,now form.

* The Scottish Marine Station for Scientific Research, Grauton, Edinburgh; its work

and prospects. Edinburgh, 1885, p. 35.
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frame altogether. There is a longitudinal slit in the case, uncover-

ing the thermometer scale, and a corresponding slit on the opposite

side, so that the temperature can be read by holding the instrument

up against the light. To guard against the "jiggling" motion com-

municated from the reeling engine along the wire rope or sounding

wire now universally used by the Fish Commission, which was found

during the Albatross cruise of 1S83-'S4 to have in some cases jarred

the mercury from the bulb into the tube after reversal, spiral springs

Lave been introduced into the metal case above and below the ther-

mometer. The whole instrument is heavily nickel-plated to prevent

rust, and works well in practice.

To guard against parallax errors in reading (see p. [5]) I have had

constructed by Mr. Joseph Zentmayer, of Philadelphia, a reading lens

of about 3 inches focal length, fitted at

light angles to the center of a brass sad-

dle adapted to the convex surface of the

thermometer case, and provided with a

short draw-tube for focussing. The eye-

piece opening is made smaller than the

pupil of the eye, and there is therefore no

variation in the reading, whatever be the

inclination to the perpendicular at which

the scale is viewed. (See Fig. 20.) The
slight magnifying power of the lens makes

it much easier than formerly to read the

temperature to fractions of a degree.

The abandonment of the propeller re-

versing-gear by French and Scottish ob-

servers seems to have been due partly to a fear that the propeller-

fans might be turned by a strong lateral current, as for example in

the Straits of Gibraltar (see Challenger Narrative, vol. 1, p. 93), and
partly, as stated in M. Filhol's report on the work of the Talisman,

by the observation that the fans have sometimes failed to revolve

at all. In the Bailie-Tanner case the protecting shield around the pro-

peller would meet the former objection (so long as the instrument re-

mained in a perpendicular position) if currents strong enough to affect

the fans should ever be met with in the open sea. No instance of the

latter defect in construction has yet been noted in the instruments of

the Fish Commission. Up to the present time the propellers of the new
Tanner case, although not so well protected as the earlier forms against

lateral currents, have not yet failed to answer the purpose for which

they were designed. In deep-sea work the saving in time by dispensing

with messengers becomes an important consideration.

Many of the features which are combined in the modern apparatus

for observing deep-sea temperatures arc revivals or re-inventions of old

devices which had been once used and forgotten. Thus the outer protect-

Fir.. 20.—Rpiulinu Ions for the Tamicr
thermometer case.
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ive shield to the bulb of the. Miller-Oa sella thermometer, its only impor-

tant distinction from Sixc's form of a century ago, was certainly tried by

Sir Edward Sabine as early as 1822 (see p. [141), an^ thought of by Peron*

about 1804. Aime suggested and appears to have used an outer glass

case, sealed by the blowpipe, some, time before 1845, t and the same de-

vice for meeting and avoiding the pressure error at great depths was

made public property by Sir William Thomson's well-known paper upon

the effect of pressure upon the freezing-point of liquids in 1850. Aime
also used messengers for detaching weights and for oversetting self-

registering thermometers prior to 1845 (op. cit., p. 5), and devised sev-

eral different patterns of thermometers for registering deep-sea temper-

atures by being overset at the depth to be investigated, which, when
protected by his closed glass or metal tubes, gave excellent results.

The propeller was used by Messrs. ftcgrctti and Zambra in 1874 to reverse

their earlier form of thermometer, and the same firm, as has been ex-

plained, preceded Dr. Miller by about twelve years in the application of

a protecting shield to Sixe's self-registering thermometer.

The first practical self-registering thermometers appear to have been

the inventions of Lord Charles Cavendish in 1757, registering by the

measurement of a portion of fluid which had been caused to overflow at

the maximum or minimum temperature encountered by the instru-

ment. Mr. Sixe, who expressly acknowledges his obligations to these

inventions, improved them in form and by the addition of a movable-

steel index. The idea of protection against pressure by an outer

shield first appears about the beginning of this century and was prac-

tically perfected about 1845, as early as which date messengers were in

use for detaching weights, for closing water bottles, and for oversetting

thermometers. Revolving propellers have been used, abandoned, and

taken up again in very recent times, and the latest novelty appears

in the modern JSTegretti-Zambra thermometer, in the use of the same

fluid for the measurement and the registration of temperature, and in

breaking the column, when overset, by means of a peculiar narrowing

of the tube at a particular place. From the time of Lord Cavendish

to the present the progress of improvements in the form of deep-sea

thermometers has been by a very natural and regular process of evolu-

tion and of survival (or sometimes revival) of the variations best suited

to their purpose.

Central Station, Wood's LToll, Mass., July 31, 1885.

* Voyage tie Decouvprtes anx Tones Australes. Vol. II, Paris, 1816, p. 330, note.

t Arm. de Ohimie et de Physique, Ser. 3, t. xv, p. 10, 1845.
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APPENDIX.

Maximum, minimum, and mean errors of fifty-one Negretii-Zambra deep-sea thermometers,
by comparison with Fish Commission standards.

Max.
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I—NARRATIVE OF THE VOYAGE.

1. FROM NORFOLK TO HAVANA.

Leaving Norfolk at 2.25 p. in., on Saturday, January 3, 1S85, we steamed

past Fortress Monroe, and thence to sea, the ship heading- southerly,

down the coast, after leaving the Chesapeake.

The wind, which was northeasterly when we sailed, veered gradually

to the eastward and southeastward, and on Sunday morning, when we
were off Cape Hatteras, there was a fresh and increasing southeast

breeze, with considerable easterly swell. The sea and wind continued

to increase and change during the day, precluding the possibility of

fishing.

Monday morning, January 5, the weather being line with a light

southeast wind and smooth sea, the dinghy was lowered at about 0.15

a. in., and I went in her, with two seamen, and set a tub of haddock

trawMinc (about 400 hooks), baited, on every alternate hook, with salt

mackerel cut into small sections. The line was set in 70 fathoms,

coarse sand with black specks being tho distinguishing feature of the

bottom, while the position was practically that designated as "station
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2311 " on the ship's log, tbis locality being off the Carolina coast, in

lat. 32° 54/ N. and long. 77° 53' W., approximately.

After setting the trawl-line I lay by its lee end in the boat until 10.20

a. m., when we began hauling. There was a strong current running,

and soon after the first anchor was aweigh the weather end of the

ground line, near the other anchor, parted, and before we got all the

line in, the boat had drifted out of sight of the other buoy-flag. Know-

ing, however, the direction in which it lay, we pulled for it, and sighted

it after awhile, but the current ran so strong and the wind also began

to breeze up somewhat, making a small choppy sea, that we gained very

slowly, despite our utmost endeavors. There was little prospect of*

reaching the buoy, at least within a reasonable time, unless we had as-

sistance from the ship, which, in the mean time had been engaged in

dredging with the beam-trawl at some distance from the boat. We were

finally taken in tow by the ship and pulled up to the buoy, when we

succeeded in getting the remainder of the apparatus, which, it may be

remarked, had become so much deteriorated by previous use that it was

decided to condemn the line, the hooks only being of any value.

The results of this "set" were unimportant, the "take" consisting

only of three small fish, two of which were hake, Phycis regius, and the

other an eel, that was identified by Dr. Bean as probably belonging to

the genus OphicUthys.

The hauls made with the beam-trawl also seemed to demonstrate the

fact that the locality was evidently not one that would support an

abundance of such fish life as would tend to make it of any importance,

so far as the commercial fisheries are concerned.

The prevalence of rough weather during the next two days practi-

cally made it impossible to fish, even had it been desirable.

An attempt was made to catch fish by drailing on Thursday, Janu-

ary 8, while steaming across from the Bahama Reefs to the coast of

Florida, but nothing was caught.

On the following day, however, while sailing along the Florida coast,

south of Alligator Light, we caught five kingiish on drail lines. These

fish appeared to be most abundant near Sombrero Key, where many
were hooked and a still greater number struck the drails. But as the

ship was steaming about 10 knots, the speed was so great that it was

difficult to hook a fish, and the chances of getting one that had been

hooked were reduced to a minimum. But allusion is made to this mat-

ter more, as an episode of the cruise than as being of any special im-

portance, for, as will be detailed in a succeeding paragraph, the locality

mentioned is a well-known and much frequented fishing ground for the

boats which go after kingiish, and some of these craft we saw at work

as wo passed along the coast, not far from Sombrero Light.

Nothing in the way of fishing was done at Key West, with the ex-

ception of making several "shots" with the capelan seine for the pur-

pose of securing collections of fishes for scientific purposes. The report
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on these operations, the different species captured, &c, belongs more

properly to Dr. Tarleton H. Bean, who was always present on tbe sev-

eral occasions, and who, having- the collections in his charge, is the only

person capable or entitled to submit a report concerning what was

done. This being the case, I deem it only necessary for me to allude

incidentally to these operations, both at this time and later dining the

cruise, and this might not even be required were it not seemingly de-

sirable to remark upon the feasibility of using such apparatus lor fish-

ing on the shores which we visited.

We found that while a certain amount of success might be attained

at Key West by using a drag-seine for the purpose of collecting, such

apparatus could not lie profitably employed in fishing for market, at least

not where we went. The bottom is composed largely, if not wholly, of

coral formation, and even with the greatest care we tore large holes in

our seine, while the catch of fish that would be marketable was insig-

nificant.

I wished to make a trip in one of the open boats that were going

for kingfish off Sombrero Key. An arrangement was accordingly made

with the skipper of one of the boats on Saturday, January 10, to take

me on board next morning when he started out. He said he would

return on Monday afternoon to sell his fish to the smack that was ex-

pected to sail for Havana on Tuesday, and he promised to come along-

side the Albatross on his way out of the harbor and take me on board.

This he did not do, and consequently I failed to make the trip. I

learned later that the date of the smack's sailing was changed to the

evening of the day on which we thought to leave Key West, and the

boatman did not expect to return to the harbor until our ship had

left it.

My time at Key West, during the six days of our stay, was occu-

pied to some extent in obtaining data, of the fisheries of the port, and

Mr. 1ST. B. Miller volunteered to take some photographs of vessels,

boats, &c.j that may serve as material for illustration. The fishing

industries of Key West are important and support a large percentage

of the population of the island, while a numerous fleet of vessels and

boats find employment in gathering the ocean products which may be

taken about the keys, banks, and along the shores within the radius

of 150 miles.

It seems to me desirable that the information which has been gathered

relative to the fisheries of Key West and other places visited, par-

ticularly in the United States, should be appended to this report. Aside

from the interest which may attach to the fisheries themselves, which

is considerable, it is only by making a full record of the methods,

vessels, boats, &c, now in use that we can form an intelligible idea of

the business, and be able to determine whether or not it is desirable to

offer any suggestions for improving the same.



[5] THE GULF FISHING GROUNDS AND FISHERIES. 221

On the afternooo of January 15, the ship left Key West Harbor and

proceeded to sea. Several hours -were spent, in the latter part of the

day, in dredging, and in the early evening- the ship Mas headed for Ha-

vana, Cuba, where we arrived the following day, passing in by Moro
Castle about 8 a.^n.

During the four days that we remained in Havana and its vicinity,

little transpired that was especially worthy of note in this report, and

reference is made to the reports of others for the details of the opera-

tions carried on by the ship. A temporary illness during most of the

time, as well as my unfamiliarity with the patois spoken by the fisher-

men, prevented me from gaining as much information as it seemed to me
desirable to obtain concerning the fisheries of Havana, and particularly

iu relation to the demand and supply of the Cuban markets as beariug

on the subject of the importation of American-caught fish.

From casual observations from the ship I was able to gain a general

idea of the boat-fisheries of the port, and a short row about the harbor

in the dinghy on Sunday, January 18, enabled me to obtain some defi-

nite information concerning the two leading types of fishing boats that

are used, as well as to make rough sketches of them.

Each morning during our stay, when the weather was suitable, a tleet

of small sail boats left the harbor about sunrise, and after passing Moro

Castle scattered along the coast, chiefly in au eiusteiiy direction. These

boats fish with hand-lines at a short distance from the shore, where, they

lay anchored. The bottom about this part of the Cuban coast descends

rapidly to a depth of several hundred fathoms at a comparatively short

distance from the land, and it is therefore obvious that fishing must be

done close inshore. As we passed along the coast the fishing boats

were often seen at anchor with their sails down.

Between 3 and 5 o'clock in the afternoon the little fleet return to

harbor to market their catch.

The boats used in this hand-line fishery are mostly of one type, which

is a poor imitation of the American dory, from which it has doubtless

been derived, as has a somewhat similar form of fishing craft in use at

Porto Bico. It is a flat-bottomed, carvel-built (the sides made of a

single wide board), keel boat, with little flare to the sides, rather straight

on top and bottom, sharp, wedge-shaped bow, and stern like that of a

dory, excepting that it has, comparatively, very little rake. The stem

is heavy, made of hard wood, and rabbited so that the planks tit in flush

with its forward part. One of these boats which I examined and meas-

ured, ami which was evidently essentially the same as others of her

class, had six sets of stout timbers, heavy gunwales, two thwarts, was

decked, forward and aft, for a length of 2 or 3 feet, had a stern-post

outside the V-shaped stern, and gudgeons for hanging a rudder. The

following are the principal dimensions: Length, over all, 15 feet; beam,

extreme, 3 feet 9 inches; depth, amidships (top of gunwale to floor), 17

inches ; depth of keel, 5 to G inches.
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Both oars and sails are used as a means of propulsion. The rowlocks

are heavy wooden cleats fastened to the gunwale and in each of these is

stuck a single stout wooden thole-pin, the oar being held to this by a rope

becket. A sprit sail and a small jib tacking down to the stem head is,

perhaps, the most common rig, but many of the boats carry only a single

saii.

Another and larger class of boats, which are purely European in type,

are used at Havana, chiefly for the net and seine fisheries, we were told.

Many of these were built at the Balearic Isles and brought from Europe

to Cuba by merchant vessels trading between the island and Spain.

One of these which I had the opportunity of examining had all the

characteristic features that distinguish the fishing boats of the region

from whence she originated. She was a carvel-built, keel boat, Avith

broad beam, medium depth, ends moderately sharp, rounding at the

gunwales, and concave at the water line; a fall, round, easy bilge, and

curved stem and stern post, the latter rising about 15 inches above the

gunwale. The boat had a moderate sheer, and three heavy rowlocks

on a side, in each of which was a single thole-pin. An outrigger pro-

jected 4 or 5 feet beyond the stern on the port side. The boat was

decked, with the exception of an open space amidships, that was 3 feet

wide and about two-thirds of her length. The deck was built with a very

decided carve upwards (or " crowning" as it is called), so much so that

while the center of the beams were but little below the level of the

gunwales, the bulwark, amidships, was 15 to 18 inches deep. She car-

ried two lateen sails, the mainsail, as is common on Spanish boats,

being much larger than the foresail. The two men who constituted the

crew were busy making a gill-net at the time 1 went on board the boat,

and they stated that they fished only with nets.

The following are the principal dimensions of the boat's hull : Length,

over all, 24 feet G inches ; beam, 8 feet ; depth, top of gunwale or rail

to garboard strake, 3 feet.

There is a fleet of smacks, both sloops and schooners, sailing from

Havana, and several of these lay in port. They differ a good deal in

size, but in respect to model and rig resemble the smacks of Key West
or New England. Indeed, as has been mentioned elsewhere, many of

these vessels were built in the United States and have been sold to

Cuban parties.

2. FROM HAVANA TO COZUMEL.

Leaving Havana January 20, the ship steered westerly for the island

of Cozumel, off the east coast of Yucatan, where we arrived on the even-

ing of January 22, and anchored off the northern end of the island.. In

the mean time, dredging operations had been carried on off the north side

of the western end of Cuba, near the Colorado Reefs, on the day after

we sailed from Havana, and the tangle and trawl were also used on or

near Arrowsmith Bank during the early part of the day on which we
reached Cozumel.
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The bottom oft the iiortk end of this island Las a very gradual slope

from the shore for a distance of 5 or G miles. The ship's anchorage was
about 3 miles from the laud, in 5 or C fathoms of water. Here the

water was so clear that objects on the bottom could be seen, and, indeed,

this was practically the case quite out to the verge of the bank.

After anchoring, some small hand-lines were put out aud three or four

yellow tails (probably Sciccna punctatus Linn) aud one grunt (JJiabasis

formosus J. & G.) were caught; also a small shark. It was nearly

dark when the lines were first put out, and wo had not fished long before

the sharks gathered around in sufficient numbers to take away the hooks

and sinkers from several Hues. Just how many there were it was, of

course, impossible to tell, as a siugle fish of this species might play

liavoc with as many small Hues as he took a fancy to bite at. However,
we were satisfied that more than one did the mischief, since two lines

were stripped of their hooks at the same time. A shark line was put

out, but beyoud the specimen mentioned no sharks were taken.

At daylight on the morning of January 23, the ship got under way
aud steamed around to the little village of San Miguel, on the northwest

.side of the island, where we came to anchor in about 5 fathoms within

easy distance of the shore. The beach at the village makes a slight

bend, curving in to the eastward, and with easterly winds, which gener-

ally prevail, this cove offers an excellent shelter and good landing.

But with a norther or even with a westerly wind, which are very liable to

come on suddenly in winter, a vessel would be ou a lee shore, or at best

be exposed to a wind and sea driving along the coast. This being the

case, it was, therefore, somewhat risky, to say the least, to attempt any

night fishing with gill-nets, since it might at any time be necessary for

the ship to get under way and leave the place, aud the danger of getting

afoul of gear in the night aud entangliug it in the screws, was one not

to be despised, providing the apparatus was set near the ship ; to put

it far from her would expose it to the sweep of the swift current that

ran along the coast. No night fishing was attempted.

Although fish of many varieties appear to be abundant about Cozu-

mel, there is no fishing, strictly speaking, carried on by the inhabitants.

A few fish are sometimes captured by means of cast nets thrown from

the hand, but these are seldom used so far as we could learn, aud of

course the results obtained are so meager that such operations can

scarcely come into the category of fishing, as understood from a com-

mercial standpoint.

It would appear that little can be doue with hook and line. Nearly

every day while we were at the island, the ingenuity of the ship's

officers and naturalists was exercised to capture the fish which could

be seen swimming about, several fathoms down, in the clear, translu-

cent water. A few specimens of barracuda, also some parrot and file

fishes were taken, it is true, but the mouths of the two last mentioned

species are so small, and the dentition of such a character, that a hook
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might bo stripped of its bait by thein time after time, until one's pa-

tience was quite exhausted, and it was only by a "lucky hit" that a

capture could be effected. The parrot fishes are not, so far as I am
aware, very highly valued as food, and as a matter of fact, it is prob-

able that a majority of the species in the waters of this region are of

littic economical importance. No fishing, other than that mentioned

above, was attempted, otherwise than for making collections for scien-

tific purposes. To obtain such collections the capelan seine was set sev-

eral times. The catch, while often very important so far as the capture

of different varieties was concerned, was nevertheless always insignifi-

cant from a fisherman's stand point. The reason for this may bo fouud

in .the fact that the general characteristics of the shore are unfavorable

for seining. In a few places smooth, white, sandy beaches occur, where

it is easy enough to haul a seine, but, unfortunately, these localities are

invariably barren of fish-life, with the exception of a limited amount of

the smallest varieties that are of no commercial importance. There are

long stretches of beach, not only near San Miguel, but more particularly

toward the southern part of the island, on its western side, which, seen

from a distance, have the appearance of being very favorable localities

for landing a seine. But, with few exceptions, appearances are mislead-

ing, and we found on close examination that numerous outcropping coral

rocks, with jagged edges and sharp points, lay just outside the surf, if

they did not show above the water line, and it goes without saying that

where these occurred in considerable numbers seining was impracticable.

But it was around these particular beaches, that bristled witli craggy

rocks, and where there was a greater or less abundance of algae, madre-

pores, &e., that fish were plentiful. It was not unusual in these places

to see some of the larger species, like barracuda, lady-fish, &c, chasing

t he schools of smaller fish, darting about and leaping out of water, a short

distance outside of the surf. Such displays were a great temptation to

try the seine, but the result—the destruction of the net—was too self-

evident to warrant us in making an attempt to use it. The difficulties

encountered may be judged from the fact that on several occasions, not-

withstanding much care was exercised in selecting what appeared to be

a favorable spot for hauling the seine, it took the whole party of six

seamen and two or three others more than an hour to make a landing.

The foot-line had to be constantly watched and pulled from beneath the

coral rocks by a man in the boat, though, where the water was shallow

enough for the purpose, one or two of the seamen waded out up to their

arm-pits ami shoulders and tended the net, frequently diving under

water to detach the foot of the seine from (he bottom. Even with all

this labor and care, often rendered doubly fatiguing by the blazing heat

of a- tropical noonday sun, we rarely succeeded in making a haul without

tearing more or less large holes in the net; and as the constant lifting

of the foot-line from the bottom made the escape of fish possible, the
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natural result was that the catch was always small, though, of course,

large/ than on the smooth beaches.

Many of the less predaceous species of fish that frequent the inshore

waters about Cozumel evidently are as inuch in need of meaus of con-

cealment from their enemies as they arc of food to enable them to avert

destruction. Fortunately, the shores of the island are mostly formed of

coral, in which the ceaseless action of the waves have worn innumerable
fissures and submarine caves, where it is easy for a fish to hide so

as to escape the observation of his enemies; and as such localities

also furnish a large amount of food suitable to the species found there,

it is not at all surprising that they should be more abundant there thau

elsewhere. It was often interesting and instructive to note the extreme
timidity of these, hiders, and their remarkable dexterity in concealing

themselves. If one stepped suddenly out on a projecting point of the

craggy coral shore, particularly if he made much noise, the chances
were that he, saw not a single fish ; or possibly he might catch a glimpse
<>t blue or yellow, or several colors combined, disappearing like a flash

—

so suddenly, perhaps, as to leave him in doubt as to whether or not his

eyes had deceived him. But let one sit quietly down and keep per-

fectly still, near the edge of the rocks, where they go straight down 10

or 15 feet to the bottom, or are hollowed out into cavernous openings
beneath, and he will not wait long before here and there he may sec,

moving cautiously out from the rocky fissures in the clear depths below,

curious little heads from which bright eyes are peering forth to seek

the cause of alarm or ascertain if the coast is clear. Reassured at last,

they move slowly out from their hiding places, and off a little way
among the madrepores, sponges, &c, that one can see on the bottom
at a short distance from the surf. Eadiant in their many-tinted irides-

cent hues—blue, yellow, black, silver, and red, varying, of course, with

different species, these fishes may be easily observed so long as one
chooses to sit perfectly still; but the instant one makes a motion, or a

dip-net is thrust into the water, the, alarm is taken, and all scurry away
for their hiding places, where they are lost to sight in a moment.
Some 5 or G miles southward from San Miguel was a little estuary with

deep water, a narrow entrance, and several branches or.arms. This we
visited one day in the steam launch, and as many kinds of fish could be

seen, I conceived the idea that perhaps they might be caught by setting

a gill-net across the mouth of one of the branches, and then, by splash-

ing and making a noise, so frighten the fish that they would run into

the net. This we tried on a subsequent occasion, but our success was
limited to the capture of two individuals. There was no doubt but

that we frightened the fish badly enough, but their habits of hiding

under rocks proved too much for us, and despite our utmost endeavors

to drive them out of the branch, and thus into the, net, they invariably

succeeded in escaping to their favorite retreats with the two exceptions

above alluded to. The most careful attempt to catch them in a dip-net
S. Mis. 70 15
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was only time wasted. We managed, however, to take a few parrot-

tish and box- fish on hooks.

Should the capture of the fish of this region ever be a matter of com-

mercial importance, it is probable that they might be taken in consider-

able quantities in gill nets set at night, but the presence of many large

predaceous species, among which sharks are not uncommon, would

compel the fisherman to watch his gear with a never-failing vigilance

to prevent its destruction.

It may be mentioned that porpoises appear to be numerous about the

shores of Cozumel, and Ave frequently saw large schools of them close

in to the laud, passing up or down the coast, and apparently feeding.

For reasons already named, I kept no record of the different kinds of

fish captured at Cozumel, and reference is made to other reports to sup-

ply this omission, as well as the details as to date, &c, of the seine

hauls ; the latter I have, but it is obvious that they would be of no im-

portance here, and properly belong elsewhere.*

3. FROM COZUMEL TO PENSACOLA.

Our stay at Cozumel ended on the evening of Thursday, January 29.

On the morning of the same day we left San Miguel and steamed down

the west coast of the island, some 14 or 15 miles to the southward, and

while a party of us were ashore with the seine making hauls on the

beach and otherwise engaged in collecting, the ship made some dredg-

ings in the deep water outside the plateau that slopes away very grad-

ully, for a distance of a mile or so from shore, when the bottom drops

suddenly down, like a mural cliff, to a depth of 100 or 1200 fathoms.

Our seining operations on this occasion were conducted under con-

siderable difficulties. Aside from the trouble that arose from the seine

being almost constantly afoul of the bottom, thus, on one occasion, at

least, requiring hours of incessant toil to make a single landing, the

afternoon was excessively hot; the sun shone in unclouded brilliancy

most of the time, sending down a burning blazing heat, that was greatly

intensified by being reflected from the white sand beach, and which the

light air of wind then blowing scarcely modified at all. It was almost

unendurable, and sometimes we were nearly blinded with the glare

from the beach, as well as Avith the perspiration that streamed down our

brows and filled our eyes. However, the work went on until it was

time to return to the ship, and no one suffered seriously from the ex-

posure.

On the day after leaving Cozumel, January 30, avc made several at-

tempts to catch tish with hand-lines on Campeche Hank, that lays to the

*As it is the privilege as well as the duty of others to report upon the ichthyology,

as well as other matters relating to Cozumel, it seems necessary for me t<> give only

such facts as pertain particularly to fishing ; though in writing of a place so little

known and so interesting on many accounts as is this island, 'there is, of course, more

or less temptation for one to stray somewhat from the subject onemay be dealing with.

This I have tried to avoid.
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uortliward of Gape Catoche. The lirst trial was made about 8 a. in.,

when two lines were put out, soundings Laving- been previously taken

(at 7.42 a. m.) in 2G fathoms, on white coral bottom (station 23G0). No
fish were taken ou this occasion. Several dredgings were then made
with tangles and beam-trawl at stations 23G1 and 23G2. From the latter

position the ship steamed S knots on a southwest by west course,

and at 10.37 a. m. sounded in 21 fathoms, on red and white coral bottom

(station 23G3, hit. 22° 7' 30" N., long. 87° 6' W.). A number of lines

were put out, but, with the exception of one small fish that was of no

commercial value, nothing was caught. A haul was made with the

beam trawl at this station, bringing up, among other things, a large

amount of dead shells and coral, also a few small fishes, none, however,

of any economic importance.

After the trawl was up, the ship steamed northward about a mile,

and at 11.25 a, in. sounded in 22 fathoms (station 2364, hit. 22° 08' K,
long. S7° 00' W.). Eight or ten lines were put out—baited, as before,

with salt mackerel and the meat of live conch shells—and we engaged

in fishing until a little after 1 p. m., the fish biting the best, perhaps,

about noon. Fifteen large red groupers were caught, and probably

twice that number lost after being hooked. Some got away after being

brought alongside, and in several instances they parted the snoods and

went off with the hooks. The fish weighed from about 9 to upwards of

15 pounds apiece.

After the fish ceased biting, the beam-trawl was put out and a dredg-

ing made. In this instance, as before, the trawl brought up consider-

able quantities of dead shells and dead coral, among other material, the

general character of the haul indicating what fishermen usually desig-

nate as " dead bottom."* As a rule, this kind of ground is more or

less destitute of animal life that may serve as food for the larger and

more valuable kinds of ground-feeding food-fishes, and it is seldom that

they are found in great abundance in such localities.

Later in the day, the ship steamed northwardly, and dredgings were

made at station 2365 (lat. 22° 18' N., long. 87° 04' W.), in 24 fathoms
;

station 2300 (lat. 22° 28' !N
T.,long. 87° 02' W.), in 27 fathoms ;

and at sta-

tion 2307 (lat, 22° 3S' K,long. S7° 00' W.), in 124 fathoms. At the two

first-mentioned positions a line was put out for a few minutes, but noth-

ing was caught. The last haul with the beam-trawl was made after

dark.

From Campeche Bank the ship proceeded directly to Pensacola, and

on the afternoon of February 2 we reached the navy-yard at that port

and made fast to the pier.

4. FIRST RED-SNAPPER TRIP FROM PENSACOLA.

On the following morning, in compliance with the request of Captain

Tanner, I went to the city of Pensacola, some 5 miles above the navy-

* For details of the material taken in these dredgings reference is made to- the re-

ports on the collections obtained during the cruise.
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yard, in the steam launch, to meet Mr. Silas Stearns and invite him to

go on board the ship to have an interview with the captain relative to

the red-snapper fishery and our proposed cruise on the grounds where

the snapper is taken. Mr. Stearns, as I learned, had left Pensacolathe

previous evening, with a party of friends, for a boating and hunting

trip to the eastward, his intention being to stay two or three weeks,

and, perhaps, extend his cruise upward of 100 miles. It was deemed

desirable to have some one to go out with us who was familiar with

the snapper fishery, and failing to get Mr. Stearns, upon whom Captain

Tanner had depended, I was requested to engage some one to go in his

stead. Accordingly, on Wednesday, February 4, 1 again went to the

city and had an interview with Mr. A. F. Warren, senior member of

the fishing firm of Warren & Co., of which Mr. Stearns is the junior

partner. Mr. Warren kindly offered to permit his foreman, Mr. Asa
Ward, to make a trip with us, and as Mr. Ward cheerfully assented to

this arrangement, and besides had the reputation of being one of the

best experts in the port—having commanded a. smack in the snapper

fishery for several seasons—the offer was very gratefully accepted.

On this occasion I also purchased some lines and sinkers, so that a set

of gear might be rigged suitable for catching red snappers, since the

hand-lines on the ship had become more or less deteriorated and out of

repair after two years' service.

As the navy-yard steam-launch, upon which 1 had gone to the city,

would return after a short stay at Pensacola, I decided to remain at

the town until the next day, in order that I might make some investi-

gations concerning the fisheries of the port and other points on the ad

jaceut coast. I am under obligations to Mr. Warren, not only for the

valuable information furnished by him, but also for the important assist-

ance he rendered in procuring me interviews with persons who were

best able to supply the facts I wanted. The result of these interviews

is given in the appended notes on the fisheries of Pensacola and other

points on the west coast of Florida.

I returned to the ship on the afternoon of February 5, and busied my-

self during the latter part of the day and evening in rigging the fishing-

gear, which, however, was not completed until the next day. On the

morning of the Gth I went in the steam launch to Pensacola and got

Mr. Ward, it having been* decided that we should leave port in the

evening, so that we might reach the fishing ground oil" Cape San Bias

the next morning.

We got under way late in the afternoon, and, after pulling off the

lumber-loaded three-masted schooner Fannie Whitmore, of Kockland,

Me., which we came across on our way out, grounded on the western

side of the channel, near the ruins of Fort McPae, we steamed out to

sea and headed to the eastward. There was a light southwest breeze

and smooth sea in the evening, with a promise of a good day on the mor-

row. This promise was verified. The morning of the 7th was fine, with
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a light southeast breeze, and the weather continued favorable through-

out the day, the wind increasing slightly, and veering a little, perhaps,

but not enough to be considered a material change.

At 5.45 a. m. a sounding was taken in 10 fathoms; tine white sand,

hit. 29° 31/ K, long. 85° 30' 20" W. Our object was to get on the

"Old Cape Ground," a well-known and favorite fishing bank for red

snappers off Cape San Idas, and which lay a little farther offshore, where

the water was deeper, the depths most generally resorted to in tins

region at this season being from 20 to 31 fathoms, though during the

spring and summer snappers are frequently taken inshore in much shal-

lower water.

After making the sounding alluded to above the ship headed to the

southward, and two successive soundings were made, one at 0.25 and the

other at 0.55 a. m., without deepening the water, that last mentioned

giving only 15 fathoms. Finally, at 8.11 a. m., we sounded in 27 fathoms

(hit. 29° 10' 20" K, long. S5° 34' W.), on a bottom of gray and black sand

and shells. The bottom as well as the depth was favorable, and lines

were immediately put out, baited with salt mackerel. No sooner had
they reached bottom than first one and then another of those fishing

had a vigorous bite, and a few minutes later several red snappers were

landed on deck, and also some porgies and a red grouper. A dozen lines

were now out, and fishing began in good earnest, but success was at

first often interfered with by the hooks being stripped of bait before

a fish could be caught. If a fish failed to swallow the hook sufficiently

for its point to fasten in his mouth he invariably took the bait, as long

as mackerel were used, the result being more or less "water hauls" that

were certainly not satisfactory to those engaged in fishing. But this

difficulty was soon averted by using bait cut from the sides of the

porgies, and very excellent and tough bait this was ; but this is about

.all that the species is good for, as it has a strong, disagreeable odor that

makes it repulsive for food.*

The snappers caught on this occasion were small, the largest not ex-

ceeding 10 pounds in weight, while the average would probably not

be above 5 pounds. Porgies were almost as numerous as the snap-

pers, and even more so after a little while. They served a good purpose

in supplying us with bait, but their skill in " skinning" the hooks proved

a source of annoyance. After the fishing had continued for twenty

minutes or a half hour, the ship drifted away from the snappers, and

nothing could be caught except porgies. The ship then got under way
the fish were counted, and it was found that 30 red snappers, 3 red group-

ers, and 25 porgies had been caught. It may be remarked incidentally

that Mr. Benedict, the resident naturalist, made an examination of all

the fish taken on this and subsequent occasions during the day, for the

purpose of securing parasites and making other observations.

* Porgies are used for food at Key West, where, curiously enough, it is said that

they do not have the strong ordor that is their chief characteristic ahout Pensacola.



230 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [14]

After steaming to windward a short distance, possibly a little farther

than we had drifted, the ship hove to again and the lines were put out.

This time we were fortunate enough to stop directly on the center of

the -school, and the fish not only bit with the utmost eagerness, bid

they were much larger and finer than those previously taken, and be-

sides there were very few of other kinds. No sooner would the hooks

reach bottom than they would be taken
;
pairs of large snappers were

frequently caught, and so eager did they become that they chased the

gear up in the water. It frequently happened that if one started his

line from bottom with only a single fish on it another would bite the free

hook before it got far up. In one instance my line Avas fouled and stop

ped running for a moment, when about halfway to bottom. When it w:is

free I found it *' loaded," and pulled in two fine snappers that averaged 15

pounds each, at the least. As is well known, the red snapper is one of

the gamiest of sea fishes, consequently it requires some muscle and grip

to continue pulling in such big and active fish, particularly when two

at a time come as often as one. Every one began fishing barehanded,

and, as a consequence, it was not long before all had their hands more

or less blistered by the lines, and gloves, mitteus, &c, were in requisi-

tion. For nearly an hour or more the fishing continued in good earnest,

but at the expiration of that time the ship drifted off the school, as be-

fore, and not a single, fish could be caught. While we were steaming

to windward again opportunity was afforded to sum up the results,

which were as follows: 80 red snappers, the largest weighing 21 pounds,

2 groupers, and G porgies. A large number of the snappers would tip

the scales at 12 to 15 pounds, while not a few were heavier.

The ship hove to after going a short distance, but on this occasion

we were less fortunate than before. Only seven snappers were caught,

but these were of extraordinary size, the largest weighing 27.1 pounds,

which would seem to be about the maximum for the species, since we are

told that one is seldom seen to exceed or even equal this in size. Besides

the snappers, we caught two or three gags and a single porgie. It

was not long, however, before we could not catch anything, and the

ship then shifted her position again. The remainder of the day was

spent in dredging with the beam-trawl, but no more fish were taken,

notwithstanding lines were put out at nearly every station, 'flu? ma-

terial dredged up from the bottom consisted for the most part of dead

shells, dead corals, black sand, gravel, &c, with which were many small

Crustacea, small octopods, and worms, also a few little fish, and sonic

other material. In one locality "live bottom" was found, many live

corals, shells, sponges, &c, being brought up in the trawl. The fisher

men claim that patches of bottom of this character are the favorite

haunts of the red snapper. In another place (station 2375, in 30

fathoms, lat. 29° 10' IS.,, long. S5° 31' W.), where we made the last

dredging of the day, large numbers of fiat sea urchins, called "sand



[15] THE GULF FISHING GROUNDS AND FISHERIES. 231

dollars" by fishermen, came up in the beam-trawl. Where these occur,

cither in northern or southern seas, the bottom is usually barren of

such fish life as would be of any economic importance.

On the evening of the 7th, the ship steered for Pensacola, where .she

arrived and made fast to the navy-yard wharf on the following morning.

Monday, Dr. Bean and I went on a seining expedition along the west

shore of Pensacola Bay. Six seamen were detailed to go with us in the

dinghy to assist in handling the apparatus. We carried both the capelan

seine and the Baird 'collecting seine, but, notwithstanding the men
worked with much willingness, volunteering to wade into the water

whenever there was any probability of securing fish, the results ob

tained were rather unimportant. Our lack of success was chiefly due

to the fact that a cold westerly wind was blowing, and this lowered

the temperature of the shallow inshore waters to such an extent (ac-

cording to the local fishermen) that the fish would not "piny in."

O. FROM PENSACOLA TO NEW ORLEANS AND RETURN.

On the afternoon of February 10 the ship left Pensacola and stood

out to sea.

While at rensacola, Mr. Warren had shown me a chart on which a

bank of considerable size, with an average depth of about 40 fathoms,

was laid down between Pensacola and the passes of the Mississippi, in

a position where the twenty-ninth parallel of north latitude cut its

southern edge, and the eighty-eighth meridian, west longitude, crossed

nearly at its center. On some of the more recently published charts no

soundings are laid down in this particular locality, which is some dis-

tance outside of the 50-fathom line of shore soundings, while on others

it is marked as ''uncertain." The fishermen, therefore, have been in

some doubt as to whether such a bank really existed or not, and as they

fully believed that, if it did exist, red snappers and other species of food-

lishes would be found in abundance on it, they have naturally felt much

interest in having this tactfully determined. On one occasion a smack

attempted to find the bank and failed, but as she was provided with no

nautical instruments for determining her position, it has always been a

mooted question whether or not she sounded in the right locality. So

important was the settlement of this question considered that Mr.

Stearns, in a letter addressed to the Commissioner of Fish and Fisher-

ies, mentioned this as a matter deserving of special investigation by the

Albatross whenever she should visit this part of the Gulf of Mexico.

Having made this seemingly necessary explanation, it only remains

to be added that a series of soundings were made on the 11th, with the

purpose of determining whether or not such a bank exists in the locality

alluded to.
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The following- data, extracted from the official records of the ships

show where the soundings were made and the depths obtained:

[Date, March 11.]

Depth.
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the first and last trial for fish, were as follows : Thirty-two fathoms,

sand, gravel, broken shells; 25 fathoms, gray sand; 35 fathoms, yel-

low sand, black specks ; 27 fathoms, gray sand, broken shells ; 3G fath-

oms, fine gray sand, black specks ; 30 fathoms, coarse sand, black

specks, stones; 25 fathoms, gray sand, black specks; 25 fathoms,

coarse sand, black specks, broken shells ; 22 fathoms, fine white sand.

As will be seen the depth and character of the bottom are precisely the

same on the two last soundings taken, although they were made more

than 4 miles apart. It would appear somewhat strange that not a

single food-fish was taken over all this extended area. But the dredg-

mgs made with the beam-trawl brought up very little that might serve

as food for fish so active and voracious as either the red snapper or

grouper. According to Mr. Stearns, red snappers are often found

abundant over this ground, and, indeed, still farther inshore, a few

weeks later, in April and May, when they are near their spawning sea-

son. He thinks that they go in at such times on the sandy bottom to

spawn, where their eggs may be less liable to attacks from Crustacea

and numerous species of predaceous fish that are plentiful a little farther

out, in deeper water. lie is also of the opinion that it is possible some

schools of snappers might have been found in 35 to 47 fathoms, a little

outside of the northernmost soundings obtained by us. Although the

snappers that are caught to the eastward, in the vicinity of Cape San

Bias, are taken in from 27 to 3L fathoms (and on one spot in a less

depth) in winter, the fishermen say that they must go in deeper water

on the grounds off Mobile.

Early on the morning of March 5 the ship arrived in Pensacola and

made fast to the coal wharf at the navy-yard.

G. SECOND RED-SNAPPER TRIP FROM PENSACOLA.

During the forenoon after our arrival at Pensacola I went to the town

in the steam launch, at Captain Tanner's request, to see Mr. Stearns

and ask him to come on board the ship, which he did. He wished to

make a trip with us to the snapper banks, and on his return to town

made arrangements to do so. He accordingly came on board again the

next day (March G), and at 5.15 p. m. the ship left the navy-yard and

steamed to sea. After getting outside the bar the course was laid for

the " Old Cape Ground," off Cape San Bias. At a little before G o'clock

on the morning of the 7th we began fishing, in 30 fathoms; bottom of

gray sand, black specks, and broken shells ; the ship's position being

lat. 29° 1G' 19" N., long. 85° 4fl' 30" W. Several hand-lines were put

out, these being baited with mackerel, but only one grouper was caught;

one of the men reported hauling a small red snapper alongside, but he

lost it. At G.30 the ship started ahead and steamed nearly 2 miles

southeast by east, where soundings were taken in 29 fathoms; bottom

same as before
;
position, lat, 29° 1G' 00" N., long. 85° 47' 30" W. The

fishing lines were put out as soon as the ship stopped, and almost im-

mediately a grouper and snapper were caught. We fished almost an
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hoar in this berth, the total catch being ns follows: One amber fish

(Seriola)-, 1 scamp (Trisotropisfalcatus Poey); 1 large black grouper or

gag (Trisotropis brunneus Poey) ; 2 spotted hinds (Epinephelus drumiwnd-

ha;/i Goode & Bean); red groupers (E.morio)-, 2 porgies (Sparrut); !>

red snappers (Lutjanus blackfordii Goode & Bean).

It may be remarked that as soon as it was practicable fresh bait

—

grouper and porgic—was used instead of the salt mackerel, it appears,

however, that the red snapper is not fond of grouper bait, and unless lie

is very hungry will not take it readily. The fishermen usually "point'
1

their hooks with some sort of bait which is attractive to the snapper,

putting the coarser kinds on the shank.

At 7.40 the ship started ahead on an east by north course, find ran

20 minutes, when soundings were taken in 31 fathoms, bottom as before

(hit. 29° 1.7' 20" K, long. 85° 45' 30" W.). The lines were hove, out as

soon as the ship stopped, and fishing continued for 55 minutes. The

catch in this berth was 7 snappers, groupers, 2 spotted hinds, and 2

scamp. After this, twenty-eight more trials were made for lisli during

the day, with the result given in the following table, which also con-

tains the positions, depth of water, &c, where soundings were taken

and lines put out. As a rule, the ship stopped from 5 to 10 minutes in

each position, except wheu fish were caught, when the stay was longer.

The last sounding was taken at 5.50 p. m., when it was nearly dai k and

too late to carry the investigation farther, though there appeared to

bo some fish in this berth.
[Date, March 7.]

Depth.
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The scarcity of red snappers on this ground may be considered some-

what remarkable, considering that only a few years ago they were

abundant. However, from their peculiar habit of going in schools that

cover only a limited area, it is often difficult for the fishermen to find

them, and sometimes a whole day will be spent in sounding and trying

to catch snappers without meeting with any material success.

At this season, we are told, it is more difficult to find good snapper

fishing than in winter. The fishermen say that the schools appear to

be somewhat broken up, the fish are moving about, and it is believed

they are up in the water chasing smaller fish that come on the coast in

the early spring.

After the last sounding was made, and some fish taken, the order

was given to set the large gill-nets to ascertain if any red snappers could

be taken in them. There was considerable difficulty in getting the two

nets ready; they got fouled up and had to bo cleared, and besides, sinkers

had to be prepared for them. Consequently, considerable time was oc-

cupied in preparing them for setting. In the mean time the ship had,

of course, drifted off the spot where the fish were caught, but she

steamed back to the place, or as near to it as could be judged.

At 8.30 p. in. the dinghy was lowered, and Mr. Stearus and two sea-

men went into the boat with me to set and haul the nets. As soon as the

boat was well clear of the ship we began setting the gear. It was a slow

job, for the twine fouled a good deal here and there on the dinghy, and

in the darkness was more or less difficult to clear, while the boatjumped
about considerably, notwithstanding there was only a moderate breeze

and a small choppy sea. We got the nets set- at 9 p. m. and began

hauling at 10.40. There was somewhat more wind and sea by the time

we begau to haul ; the current ran quite strongly to leeward, and as

we had to pull the net in over the boat's side, thus keeping her broad-

side to the sea and tide, it was a heavy drag to get the apparatus up.

We returned to the ship a little after midnight. No fish were taken.

The nets set on this occasion were each 50 fathoms long, and 3 fathoms

deep, when hung. They had a 0-inch mesh, and were made of strong

linen twine, such as is used in the manufacture of cod gill-nets.

After the dinghy was hoisted, the ship steamed to the westward 7 or

8 miles, and hove to for the night. During the forenoon of the 8th

trials were made for fish on nearly the same grouud that we fished over

the previous morning. Satisfactory results were not obtained, however,

and about 10 a. m. the ship started to the southeast for the " New Cape

Ground," the locality aimed at being about 40 miles from the starting

point.
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The following tabulated statement will show where the trials were
made, the catch, &c.

:
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enough even to snoot at them with any hope of success, and as for striking

them with an iron, it was entirely out of the question. On one occasion

we both discharged our guns simultaneously at a school, and doubtless

hit some individuals, but it is probable that the shot struck them only

in their backs, where they would have no very marked effect. The por-

poises were "playing" about in the shallow water near the island.

apparently feeding on small fish, and one would naturally suppose they

could be approached without difficulty. But they invariably noticed

the presence of the boat when within 40 to 00 yards of it, and would

disappear to come up at a greater distance.

7. FROM TENSACOLA TO TAMPA.

About 5 o'clock on the afternoon of the 12th the ship cast off from

the navy-yard wharf and stood out to sea. The two succeeding days

(March 13 and 14) were spent in dredging to the southward of the

snapper grounds, between 87° 27' 00" and 85° 33' 30" west longitude,

in depths varying from 111 to 724 fathoms.

On the morning of the loth the ship headed toward the fishing

grounds off Cape San Bias, and a continuous series of dredgings and

trials for fish were carried on throughout the day. The first two sound-

ings, 88 and 00 fathoms, respectively, were made outside the snapper

bank. To ascertain, however, if there were any food-fish in deeper

water than they are usually caught in, a snood, with a baited hook

attached, was bent to the sounding wire before the first souudiug was

taken. ^Nothing was caught on this hook, though it was tried several

times, even after we got into shoaler water. But this failure is not so

much to be wondered at, for on the same occasions we did not catch any

fish on the hand-lines, a number of which were put, out to try for snap-

pers whenever a sounding was made (after we got on the bank), and also

after the beam-trawl had been hove up. Indeed, every effort was made
to catch fish whenever a chance offered, and where we failed it is fair

to assume that there were none.

The following tabulated statement of the day's work shows the posi-

tions where these trials were made, and contains other data- bearing

on the investigation

:

[Date, March 15.]

T ,. i,r ! T -vT Characterof bottom asDepth. Lat, W.
j

Long. N. I

indkated by tho ]e;ul
Remark

Faths.

28 44 00 85 16 00

Gray mud

Gray sand

Uere (station *J40.'i), the beam-trawl was put cut.

Many small fish, erustaoea, and a few living

shell's were taken. No large food-fish weie
caught; no fishing lines put out.

No food-fish taken. The beam-trawl was used.
It brought up a number offish, none of them of
any commercial value and most of them very
small varieties. There were also sonic crabs,
dead shells, i.e. The general charact< r of the
material taken indicated ''dead,|bottom," and
the presence of large flat sea urchins ("sand
dollars"), such as wc took here, is considered
a "sign" of barren ground by fishermen.
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[Date, March 15—Continued.]

Depth.
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either the tish had, in the mean time, left the ground, or else to find

them it is necessary to sound every few fathoms, in fact, to literally

' ; try every inch of the bottom." The result of the day's work is given

in the following table :

[Date, March 10.

]

Depth.
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With a strong head tide and light wind, our progress was necessarily

somewhat slow, but with the assistance of the oars we reached the first

beach on the point northeast of the entrance to the river about 11

o'clock. As we ran in across the broad shallow plateau that extends

outwards from this point we frequently saw large fish going along over

the bottom, but they were too far off to definitely determine what they

were, though we thought the most of them were sharks. Xearer the

land fish were seemingly abundant. They could be seen jumping out of

water here and there, and occasionally a small school of mullet were no-

ticed running along not far from the beach. Landing some of the party

with the guns, baskets, buckets, &c, that had been brought along, we
shoved off and immediately threw over the seine. Unfortunately for

our complete success, so far as the capture of a large number of fish

. was concerned, the seine was too deep and too heavily leaded for the

shallow water. The bottom was covered with alga?, and the bunt of

the seine became so filled and clogged with it that considerable diffi-

culty was experienced in making a landing ; and notwithstanding our

best efforts, this could not be done quickly enough to prevent a large

number of mullet from jumping over the cork rope, while more of them
were seen to escape by running around the ends of the net. But, even

with these hindrances, we made a very fair haul, landing about a barrel

or more of fish, among which were mullet, crevalle, catfish, sea trout,

sheep's-head, and bill-fish, besides several kinds of smaller ones. Sub-

sequently we made two other shots with the seine, and, in addition to

the varieties mentioned above, we took drum, big-eyed herring ["?], two

shovel-nosed sharks, and some other kinds of fish that none of our party

were familiar with.

Our second haul was made around the point from where we first

landed, and at the mouth of the river. Fish of various kinds were very

abundant here, jumping out of water in all directions over a large area.

The water was shallow, from 2 to feet deep, and from shore to shore,

a distance of half or three-quarters of a mile, we could see fish spring-

ing into the air. But the loose alga? was even more plentiful here than

where we had first set the seine, and as a result we had great difficulty

in making a landing, and the mortification of seeing the fish we had in-

closed jump the cork rope or dart by the wings of the net. However.

Ave got several varieties that had not previously been taken, and, con-

sidering that we were not anxious to catch large quantities, the result

was fairly satisfactory. But with a larger-meshed seine, 70 or 80 fath-

oms long, and about feet deep, we could doubtless have filled our boat

in a short time.

Sharks are seemingly abundant here. Besides the two small ones

taken in the seine, we saw a large one come in near the shore in the

shallow water. As he swam about, near the point, his dorsal fin was
plainly seen above the water's surface. Of the other species, mullet

were apparently most plentiful, but big-eyed herring, crevalle, sheeps-

head, and catfish were also abundant. Fish-hawks were numerous, and
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evidently bad no difficulty iu supplying their wants, since in such shallow

water they could easily capture all the fish they required, as we had a

chance to observe.

We returned to the ship about 5 p. m. The steam launch met us,

after we had sailed about a mile from the point, and took the dinghy

in tow.

Were it not for the presence of so many sharks, pounds could proba-

bly be used here with great success. But the destruction of any netting

left in tbe water for a considerable length of time would be inevitable.

It is possible, however, that a brush weir might be successfully used,

but it is probable that the toredo would injure it to such an extent that

it would have to be rebuilt at comparatively short intervals. Therefore,

while the demand for fish can be supplied by using seines that are inex-

pensive and seemingly well adapted for work iu the shallow waters of

the coast, there is little inducement to make any very radical changes

in the apparatus employed.

8. FROM TAMPA TO KEY WEST.

Early on the morning of the 18th the ship got under way and ran out

of Tampa. After getting outside the channel, or fair-way, buoy, she

steamed offshore on a southwest three-quarter south course. The day
was fine, with a light westerly breeze, and after we were well off from

the land a scries of soundings and trials for fish were begun and con-

tinued until night, and also on the next day. The general direction of

these researches, after we reached a depth of 28 fathoms, was southerly

and southeasterly, or nearly parallel with the coast line. The follow-

ing is a tabulated statement of the work done on the 18th and 19th:

[Date, March 18.
J

Depth.

Fath.
18

?r,

Lat.,N. ;Long.,W.

27 1C 00

27 08 30

27 04 00

2C 58 00

83 10 00

83 19 30

83 21 15

83 22 30

Character of bottom as
indicated by tho lead.

Gray and black sand.

Coarse gray and black
sand.

Coarse gray sand and
broken shells.

..do.

Remarks.

Stopped to pick np small sharpie that was adrift;
put Out lines ; no iisli.

No fish.

Here, 1 red snapper, 2 groupers, and 1 porgie
weio taken. As soon, as we began to catch
fish tho beam-trawl was lowered and dragged
along the bottom as tho ship drifted. The
trawl was on the ground about fifteen minutes.
It brought up a large mass of material (about
1| barrels), most of which was sponges of vari-

ous species, 3 of them being very large cup
sponges. There wore also a few live corals,

bryozoa, hydroids. shells, and some small fish.

A scarcity of dead shells, dead corals, &c,
was noticeable, and contrasted strongly in
this respect with the grounds we have previ-
ously dredged, particularly iu those localities

where no fish were caught.
In this position, where we stopped less than fif-

teen minutes, 2 largo red snappers (one weigh-
ing 20 pounds), 1 black grouper (25 pounds),
and 4 red groupers were caught. As previ-
ously explained, our object was not to catch
quantities of fish, but only to ascertain if

there were any iu tho positions where we
stopped ; therefore ten or fifteen minutes was
generally long enough to determine this, after
which the ship stood.on for a now berth unless
tbe trawl was put over.

S. Mis. 70- -16
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[Date, March 18—Continued.]

Depth.
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The last sounding, on the 19th, was made after C p. m., when it was

nearly dark. The beam-trawl was put out here. After it was up the

ship headed on her course for Key West, where she arrived the follow-

ing morning.

The investigations that were made after leaving Tampa may fairly

be considered as probably the most important work done on the cruise

in the direction of making researches on the fishing grounds. The re-

gion lying between. Tampa and the Tortugas, outside of a depth of 20

fathoms, has never been resorted to by fishing smacks, and it is cer-

tainly questionable if any one knew that red snappers could be taken

on the ground we went over. That they are more generally distributed

here, in depths of 26 to 27 fathoms, and far more abundant than on the

grounds visited by the snapper fishermen of Pensacola, seems clearly

established by the result of the researches made.

In view of the growing demand for the red snapper, and the fact

that the fish on the old grounds are believed to be more or less depleted

and becoming scarcer every year, the importance of this discovery, if it

may so be termed, can scarcely be overestimated, since it opens up an

additional field of broad proportions that there is good reason to sup-

pose will be profitably worked in the future. Its nearness to Tampa-,

which has the advantages of an excellent harbor and railroad commu-
nication, are features that should not be overlooked, for if the distance

from Pensacola is too great to run fish there they can be shipped from

the nearer port.

In the latter part of the day on which we arrived at Key West I en-

gaged a boat fisherman to catch some kingfish, and late on Monday
afternoon, March 23, he got back, having taken all I wanted, besides a

considerable quantity more. The fish having first been split, they were

taken on board the ship and salted. These were purchased with the

intention of experimenting with them, to ascertain if they can be

smoked so as to make them a desirable article of food.

0. FROM KEY WEST TO WASHINGTON.

Early on the morning of March 30 the ship got under way and pro-

ceeded to sea, on her way north. A moderate to light head wind pre-

vailed, but the next day the wind blew strong. The Aveather moderated

during the night, and shortly after daylight, April 1, a dredging was
made with the beam-trawl in 440 fathoms, a large mass of live corals, hy-

droids, sponges, bryozoa, &c, being obtained. The ship then steered

north-northeast, and another haul was made with the trawl in the after-

noon, sponges of various kinds being the chief part of the material

taken. At p. m. the ship stopped, and soundings were obtained in 8G

fathoms, lat. 31° 54' 45" K, long. 79° ] 7' 00" W. Several fishing lines

were put over, baited with salt mackerel, but nothing was caught, though

we kept the gear out a half hour.
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About 1 p. in., April 2, another attempt was made to catch fish in 95

fathoms, at station 2417 (lat. 33° 18' 30" K, long. 77° 07' 00" W.), but
none were taken.

A haul with the beam-trawl was made near this place ; sea urchins,

of the "sand-dollar" type, and a few small fish (of which little skates

and flounders formed the chief part) being the principal material taken.

Tliis is probably at all times "barren bottom." Another dredging and
trial for fish with hand-lines were made about G p. m., in 107 fathoms

(lat. 33o, 31' N., long. 70°, 40', 30" W.), but we caught no fish, and a

limited quantity of spiny sea urchins was nearly all that the trawl

brought up.

From this time until 10.01 p. m., April 3, the ship was under way,

steaming up the Gulf Stream. At the hour above mentioned the offi-

cers began taking a set of serial temperatures at intervals of 20 miles,

beginning in the Gulf Stream, in 2,340 fathoms (lat. 36° 30' N., long.

73° 14' W.), and running in a west-northwesterly direction. This work
was continued uninterruptedly until G.20 p. m. on the 4th, when the ship

was in lat. 37° 9' 23" N, long. 74° 30' 30" W. Not far from this posi-

tion, in a depth of G5 to 100 fathoms, it was deemed desirable to try for

fish, since here, on previous dredgings last year, various forms of life

had been found abundant that were known to exist in great numbers
on the grounds where the tilefish (Lopltolatihts chamcvleonticeps) was
found previous to the remarkable mortality that occurred to that species

in the spring of 1882, since which time not a single individual has been

seen. Among these different animals a peculiar kind of Crustacea, known
as Munida, was found on the tilefish bank in great abundance, but,

strange as it may seem, this also practically disappeared at the same
time that the Lopliolatilus was destroyed in such numbers. As these

would be excellent food for large, voracious, bottom-feeding species,

like the tilefish, it has been inferred that where the Munida is found

plentiful there also it is probable (or possible) that the Lopholatilus

may be caught. Therefore, the fact having been determined by pre-

vious investigation that this particular species (as well as some others

that were contemporary with the tilefish) were plentiful just inside the

Gulf Stream, in the locality named, the importance- of ascertaining

what kiuds offish could be taken on the same ground will be apparent.

But at the time we reached the proper locality, on the 4th, the wind

blew up so strong from the westward that it kicked up a choppy sea

and made it impracticable to do any fishing. The ship, therefore, lay

by, steaming to windward only enough to hold her own, or a little

more, until the next morning. About G a. m., on the 5th, a depth of 104

fathoms was obtained, and a haul was made with the beam-trawl (sta-

tion 2420 ; hit. 37o 03' 20" K, long. 74° 31' 40" W.).

The trawl was on the bottom only a short time, but nevertheless

brought up large quantities of Munida, eighteen specimens of small

hake (P. regius [?] ), several small tiger sharks, some small skate (Rata),
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hermit, and other kinds of crabs, small octopods, &c. Many stones,

wave-worn and of various kinds, came up, these having the appearance

of beach rocks, or such as one sometimes sees pulled up from the bot-

tom on the northern fishing banks. There were also many specimens

of a hard, clayey substance, more or less perforated with holes of con-

siderable size, but just what this is, or rather what causes such a forma-

tion, I believe has not yet been determined. Taken as a whole, this

bottom must be excellently well adapted to the support of many kinds

offish life, particularly such as might be of commercial importance.

As soon as the trawl was up, several fishing lines were put out in 67

fathoms (hit. 37° 3' N., long. 74° 33' W.), and we continued fishing for

about three-quarters of an hour. Eight dogfish (Sqaalus acanthias) were

caught. These were so plenty that several pairs were taken on a single line.

Nothing else was caught on the lines, however, and little else could be

expected where these pests of the fishing grounds are abundant. For

such is their pugnacity and greediness that they generally prevent all

other species from taking the hooks, and not uncommonly, when they

swarm in a locality, they drive other fish from it. This being the case,

it will readily be understood that it is yet difficult to say precisely what

kino's and what quantities of fish can be taken here, when the region

is not infested by dogfish, which is probably a large part of the summer

and fall.

Another matter that should be considered is this: we had only salt

bait to use, and as tilefish have always, when taken, been caught on

fresh bait, we are left in doubt as to whether they would bite at any

other. The presence of such large quantities of live food that is suita-

ble for them would lead one to suppose that they will not bite at salt

material. However, this is not so important in the present case as it

might be under other conditions, since, as has been explained, the pres-

ence of so many dogfish on the ground would doubtless render abortive

all attempts to catch other fish, whatever bait was used.

A second trial was made in 98 fathoms, about 2 miles northeasterly

from the position given above, but nothing was taken on the lines.

The ship then headed for the Chesapeake, and the work of taking se-

rial temperatures was resumed. The importance of making these obser-

vations on temperatures at this season will be apparent to any one at all

familiar with the habits of many species of our migratory fishes. About

this time, or a little earlier, the mackerel, shad, and river herring or

alewivc, make their appearance on the coast in the latitude of the Ches-

apeake and a little north of it, while the menhaden, bluefish, and other

species come a short time after. It is now a well recognized fact that

the varying conditions of ocean temperature influence the movements

of fish in a remarkable degree. This being the case, it need scarcely

be added that the observations made must materially aid in the scien-

tific study of the species referred to.

It may be remarked that we saw no schools of fish of any kind while
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limning- in. It is probable that the strong westerly wind and rather

eool weather might prevent mackerel from schooling, since it is well

known that they do not "show up" much when such conditions prevail.

Porpoises were playing about the ship on the morning of the 5th, and

I tried to harpoon one. He was too far under water, however, for the

iron to fasten, and no other opportunity was presented for making a

capture, since the school left the ship's bow immediately after.

We entered Chesapeake Bay late on the afternoon of the 5th, and

arrived at Washington at 1.30 p. m. on the following day.

II.-NOTES ON THE FISHERIES OF KEY WEST.

A.

—

The sponge fishery.

The most important fishery of Key West is that which has the sponge

for its object, and this may be reckoned among the leading industries

of the port. Originating about 1S52, when it was first understood that

the sponges of this region were of commercial value, the business in-

creased rapidly until it reached nearly its present limit several years

ago, since which time the advance has been comparatively slow.

Although it is not my purpose, in these notes, to give much statisti-

cal data, it may nevertheless be said that citizens of Key West who

are competent to judge estimate that at the present time a fleet of

about GO to 80 vessels, ranging in size from 5 to 50 tons, and fully 200

sailboats, 18 to 20 feet in length, are employed in this industry, while

the aggregate number of fishermen who man this fleet is not far from

1,000. The above is doubtless an underestimate, for Hall, in his "Ke-

port on the ship-building industries of the United States" (Vol. VIII,

Tenth Census), says

:

"At Key West there are owned about 100 vessels, ranging from 5 to

25 tons, costing from $500 to $4,000 each, employed in the sponge busi-

ness, * * * and about 300 boats, of less than 5 tons register, for

sponging and other fishing, costing from $100 to $500 each."

A local authority states that for the year ending January 1, 1884,

the large amount of "3,003 bales, or 20G,945 pounds, of sponges were

bought and shipped from Key West, the total amount paid for same

reaching 1244,309.50."*

The commercial forms of American sponges are specifically identical

with those of the Mediterranean, according to Prof. Alpheus Hyatt,

who is one of the best recognized authorities on this subject, but he

finds that there are some subspecific differences.

There are five kinds of sponges taken by the Key West fishermen,

though these may possibly be subdivided into grades according to

their size or other qualifications. They are (1) the sheepswool sponge

(tipongia equina Sch., subsp. gossypina), (2) yellow sponge {8. agaricina,

* "Tlio Key of the Gull'? (Key West), December 20, 1884.
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subsp. corlosia, dura, punctata), (o) velvet or "boat" sponge (8. equina,

subsp. mcandriniformis), (4) grass sponge (S. equina, subsp. cerebrifor-

mis), (5) glove sponge (S. officinalis hinn., subsp. tubulifera and S. gram-

inca Hyatt). The most valuable of these is the sheepswool sponge, and,

according to Kathbun, " The Florida sheepswool sponges now command
a higher price than those from the Bahamas."

1. FISHING GROUNDS.

The most important sponge grounds resorted to by the Key West
fishermen are about Rock Island, Anclote Keys, Saint Mark's, in Apa-
lachee Bay, and Cedar Keys. " The Florida sponge grounds," accord-

ing to Kathbun, "form three separate elongate stretches along the

southern and western coasts of the State. The first includes nearly all

of the Florida Keys ; the second extends from Anclote Keys to Cedar
Keys, and the third from just north of Cedar Keys to Saint Mark's, in

Apalachee Bay. The linear extent of these grounds is about 120 miles,

and their breadth varies from a few miles to 15 or 20 miles. The total

area of the sponge grounds worked in 1880 was reckoned at about 3,000

square geographical miles, but this does not by any means cover the

possibilities of the coast, as many additional sponging areas have been

discovered since then."

Within the past few years some of the larger vessels have made trips

to the coast of Yucatan, but the sponges taken there were inferior to

those of the Florida coast, and consequently the fishery in that region

has been abandoned, for the present, at least.

Formerly sponges were found in abundance in shallow water on any
of the grounds now resorted to, those nearest Key West being, of course,

the ones that were chiefly visited in the early days of the industry. At
that time and, indeed, until a comparatively recent date, the fishery was
carried on near the laud in depths not exceeding 18 feet, and often good
results were obtained in 5 or G feet of water. But the eager pursuit of

the sponge by many hundreds of men has eventually caused its deple-

tion in the shallow waters, where it could most easily be procured, and,

as a consequence, it must now be sought farther out, in greater depths,

even as deep as 40 feet or upwards, where, sometimes, the distance from

the coast is so great that the low land cannot be seen.

Sponges are abundant in many of the deeper localities, but fishing

there is attended with many difficulties and cannot be carried on ex-

cept when the water is clear and the weather fine. Consequently,

when the conditions are unfavorable for working in the greater depths,

the fishermen resort to the reefs where the water is shallow, and
though their captures may be comparatively small, they thus manage
to utilize time that otherwise would be of no value to them. It is

obvious that the increased area of fishing ground, which is obtained by
this venturing into waters so much deeper than those formerly worked,

is of vital consequence to the industry in question, since the operations
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of the fishermen are extended over a nuieh wider region, and while one

loeality is being depleted of its sponges another may have an opportu-

nity to renew its crop. It is the opinion of sponge dealers and fisber-

men with whom I conversed at Key West that if the sponges should

be left unmolested for a year they would be quite as abundant as they

ever were, even on many of the old grounds where the water is shallow.

The fishermen say that on some of the reefs, where the depth does not

exceed from G to 15 feet, sponges are numerous, but of small size, owing,

of course, to the fact that before they have time to grow large they are

captured.

In this connection it may be well to mention that this constant har-

rowing of the grounds, while it certainly has some undesirable features,

is nevertheless believed by competent judges to be advantageous in im-

proving the quality of the products obtained. It is asserted that a bar

which may be stripped of large sponges will have a succeeding crop*

much finer in quality than those first taken. No special reason is as-

signed for this, but it is altogether probable that it may easily be ex-

plained by those familiar with the localities and the life habits of sponges.

On some occasions, and particularly in 1878 and 1880, it is claimed

that the yield of the spouge grounds has been seriously affected by the

"poisoned water" which appeared oil' the Florida coast, and proved so

fatally destructive to all forms of marine life, sponges included, This

destruction of sponges was referred to by Mr. Ernest Ingersoll in a

letter to Professor Baird, in 1881, "On the fish mortality in the Gulf of

Mexico." He writes: "In regard to some of the manifestations of this

deadly influence in the sea during 1878, Mr. John Brady, jr., an intel-

ligent captain, told me that the time of year was January, and that the

' poisoned water,' to which universal belief credits the death of fishes,

could easily be distinguished from the clear blue of the pure surround-

ing element. This discolored water appeared in long patches or

•streaks,' sometimes 100 yards wide, drifting lengthwise with the flow

of the tide. The earliest indication of it was the floating up of vast

quantities of dead sponges, chiefly • loggerheads.' All those seen by

Mr. Brady were less than 40 miles north of Key West, in what is known
as ' The Bay,' nor has anything of the sort been seen at any time outside

(/. <\, southward or eastward) of the Florida Beefs ; but it was soon dis-

covered that all of the hitherto profi table sponging grounds lying oft*

the coast as far north nearly as Cedar Keys, and particularly off An-

cloieshad been ruined. These grounds are only now beginning to show

signs of reproductiveness in sponges. * * * In the case of the sponges,

only a few of other specie's than the loggerhead would be seen floating;

but when they were hooked into, all were found dead, though still cling-

ing to the bottom. When a. sponge dies naturally it gradually becomes

white at its base, through the loss of its sarcodal matter, but all these

were observed to have turned black. The abandonment of these spong-

ing grounds from the reefs to Cedar Keys, during the three or four
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years following this attack, entails a loss which it is hard to estimate,

because partially compensated in the increased price of the article in

the market due to its consequent scarcity, and because at all times the

product there is an uncertain quantity; but I hazard the opinion that

$100,000 would not repair the damage to this business interest alone.

Had it not been for the fortunate discovery just at that time of the

sponge-tracts off Eock Island, northward of the Suwanee River, almost

a famine in this article would have ensued.'
1*

Mr. Silas Stearns, who has had exceptional opportunities for becoming

familiar with the subject which Mr. Ingersoll refers to, is authority for

st iting that the sponge fishery about Anclote Keys was not to any

appreciable extent injuriously affected by the poisonous water. He was

there in 1S78, 1879, and 1880; part of the time employed as an expert

by the United States Government to investigate the fisheries of Western

Florida and collect statistics of them for the Tenth Census. On one

occasion he took a boat load of sponges himself near Anclote, in 2 fath-

oms of water, a feat that pretty effectually settled the question as to

whether the sponges were all destroyed in this region.

In regard to the discovery of the sponge grounds off Eock Island,

which Mr. Ingersoll says occurred "just at that time," Mr. Stearns tells

me that this region had been known long before the date alluded to.

He also states that there is little or no probability of any new discov-

eries being made of this kind, since almost every foot of ground that

might by any possibility bear sponges has been carefully worked over.

He says that he has himself dragged a boat-dredge nearly the whole

length of the coast south of Pensacola, and no results were obtained

except on grounds well known.

Sponge culture has of late attracted the attention of those engaged

in the Key West fisheries, since the almost exhausted state of many of

the old grounds from over fishing and natural causes renders it desira-

ble to aid nature, if possible, in increasing the supply of sponges. The

success which has attended attempts at raising sponges from clippings

in the Mediterranean gave reason to hope for equally good results here;

and the experiments already made seem to indicate that the culture of

sponges may be made remunerative in the waters of Florida. The pro-

cess of sponge culture, as detailed to us by parties at Key West, is com-

paratively simple. A sponge is hooked up from the bottom and brought

to the surface of the water, but is never lifted into the air. It is then

clipped into small pieces and fastened on a wire or stick, which is after-

wards fixed to the bottom as firmly as practicable. For the first four

months the "clippings" do not show any increase in size (it taking

them this length of time to recover from the injury done by cutting), but

later they develop with considerable rapidity.

While it is believed that unquestionable advantages may be gained

by introducing sponge culture in Florida, it is nevertheless a subject

* Proceedings of United States National Museum, Vol. 4, 1881, page 75.
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that seemingly requires the most careful consideration ou the part of

the State government to enact such laws and regulations as may tend

to its success without interfering with the general prosperity aud free-

dom of those who are more directly engaged in obtaining this product

of the seas. At the present time the fishermen are bitterly opposed to

the introduction of any methods for cultivating sponges in the manner

above alluded to. This opposition arises from the fact that they, being

chiefly poor men, naturally anticipate that in the event of sponge cult-

ure being adopted on a large scale, the entire control of the industry

will pass into the hands of capitalists, who, should they succeed in

securing legal control of large areas of ground, would have it in their

power to prevent the fishermen from visiting localities which they now
consider as their own— an inherited and natural right, of which no one

should be empowered to dispossess them. They also fear that, with

extraordinary privileges given to capital, they would have to encounter

a competition that would eventually drive them all out of the business

or compel them to submit to any terms that their wealthy competitors

may dictate. The feeling is so strongly antagonistic to this that some

of the fishermen do not hesitate to express their determination of pro-

ceeding to extreme measures for preventing its accomplishment. At
the same time they would advocate the policy of sponge culture, and

believe it might prove a blessing to them, providing laws are framed

to limit the area of ground which any single individual could hold,

aud also to make it impossible to dispose of such a tract to any other

person, the property reverting to the State whenever the original

owner or planter ceased to use it. This, it is believed, would effect-

ually prevent a consolidation of the areas cultivated under one head,

or place them in the hands of a few individuals who might control the

trade. Whether or not these crude suggestions can be formulated into

such shape as to make them of practical use is one of the problems

that should engage the attention of those who are charged with the

responsible duty of legislating on this subject, should it ever be deemed

wise to make sponge culture the object of special enactment.

2. VESSELS AND BOATS.

The largest vessels of the sponge fleet, those upwards of 35 tons

register, have, in most cases, been originally designed for other trades,

but it has often been possible to purchase them much cheaper than it

would cost to build a vessel, and therefore schooners not intended for

the business have been put to work in it. The smaller craft, however,

particularly those less than 30 tons, have, with few exceptions, been

built for the particular industry in which they are employed, aud which

requires special features in a vessel; both in the form and minor ar-

rangements. With comparatively few exceptions, the vessels upwards

of 8 to 10 tons are schooner rigged. They carry a single topmast, and

no jib-boom, unless in some instances an adjustable jib-boom is rigged



[35] THE GULF FISHING GROUNDS AND FISHERIES. 251

out and the sail set " flying " without a stay. They arc beamy, shallow,

center-board craft, with a very light draught, a quality that is essentially

necessary in a vessel which must knock about the shoal water on the

reefs, where sponges occur, or frequent shallow, barred harbors like

those of the Florida coast in the region that they visit. They are sharp

forward, have a projecting cut-water or " long head," as it is called ; a

moderately raking, curved stem ; considerable rise to the floor ; rather

quick turn to the bilge; along, lean run; slightly overhanging counter

and broad square stern, the latter being much thinner at the sides than

in the center, although this feature is scarcely prominent enough to

characterize it as being of the pattern commonly called a V-shaped

stern. They are flush decked, and have no bulwark or waist, but in-

stead a. so-called "log gunwale," varying from 10 to 18 inches in height,

which runs along the sides from the knight heads to taffrail. Chain

cables are used, and, as a rule, short-shanked anchors, while the vessels

are generally provided with some form of patent windlass. The larger

craft usually carry a galley on deck, a small box-like affair about 5 or G

feet square, in which the cooking is done. The larger schooners have

a forecasKe under deck aud a trunk cabin, the latter generally of tol-

erably large dimensions. I noticed, however, that the cabins of the

vessels I was on board of were peculiar in having no berth boards, as may
be seen on northern-built craft. This feature appears to be somewhat

general, too, on the vessels of this region, for the same arrangement

was found on some of the smacks built at Key West, though other

smacks had cabins similar to the same class of schooners built in New
England. Instead of berths there arc extraordinarily wide lockers, ex-

teuding out from the vessel's side some 5 to 7 feet, according to the size

of the cabin. A wide bed can be made up on these, on which several

persons may lie, an arrangement which utilizes the space to the best

possible advantage. But while this method of sleeping may be found

practicable on a sponger in a smooth sea, it would scarcely meet with

favor on a vessel employed in any of the offshore fisheries, for the simple

reason that in rough water the occupants of one side of the cabin might

at any time find themselves suddenly wakened, if nothing worse hap-

pened, by being pitched to the other side, whenever the vessel took a

lurch. Iron ballast is generally used, and as a cargo of sponges has

little weight enough ballast is carried to bring the vessels down to their

load line*. The quantity, of course, varies with the size of the craft,

but, being so wide and shallow, they require much less ballast tban

vessels of a heavier draught. They are seldom coppered, but, to protect

them from attacks of the toredo or boring worm, their bottoms are kept

well coated with metallic paint.

The vessels built at Key West are said to be much more durable than

those obtained from other sources. Their frame is "nraderia," a sort

of red wood indigenous to Florida, and which is reputed to be exceed-

ingly durable ; the planking is yellow pine ; Avhile the fastening is chiefly
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copper, at least under water, and galvanized iron, the latter being- used

for the upper works. The spars are made of hard pine, spruce, or white

pine, most commonly of the former.

The following details of the clipper schooner Lillie, of Key West,

one reputed to be a very swift sailer, will give a fair idea of the charac-

teristic features of the best class of sponge vessels. She is a wide, cen-

ter-board, two-masted schooner, with medium sheer, flush deck, " log

gunwale," long cut-water; sharp bow, slightly concave water lines for-

ward; moderate rise to the floor; long, finely-shaped run; wide, square

stem ; and moderate rake to stem and stern post. Her spars are made
of hard pine, and she is ballasted with iron.

The following are her principal dimensions : Tonnage, 43 tons ; length,

over all, 69 feet; on keel, 00 feet ; beam, 19 feet ; depth of hold,- 6 feet

;

depth of keel, 1 foot; height of log gunwale, 18 inches; draught, with

center-board up, 5 feet; the center-board is 10 feet long and 7 feet deep.

Spars: Mainmast, 01 feet, foremast, 00 feet; bowsprit, outside, 19 feet;

main topmast, lit feet; main boom, 45 feet; distance, center to center

of masts, 22 feet. A vessel of this size and class costs, if built at Key
West, about $9,000 to $9,500. We were told by builders that the usual

price for constructing the hull and spars is $120 per register ton. The
owner of a .small schooner, of about 10 tons register, said that he paid

at the rate of $125 per register ton for building his boat, and he also

furnished all the wood for the frame. She cost him $1,900.

The smaller class of sponge vessels are generally wider in proportion

than those like the Lillie. For instance, the schooner General Han-

cock, with a length of 44 feet, over all, and 40 feet keel, is 15 feet wide

—

so I was told by the builder—and her masts are, respectively, 42 and

43 feet in length.

The following are the details of the sloop-boat Terror, of Key West,

which is employed in the sponge fishery, and is a fair representative of

the smaller class of craft engaged in this industry.* Iu general ap-

pearance the Terror resembles the small sloop yachts which are so

common along the Atlantic coast of the United States, particularly at

New York and northwards.! She is a wide^ shallow, center-board, car-

vel-built boat, with a moderate sheer; a long sharp bow, the greatest

beam being about 2 feet aft of amidships; a rising floor; long run (with

a skag); and raking, square stern, which rises considerably at the sides

and is somewhat narrower than the midship section. She is decked,

with the exception of a steersman's cockpit ait of the large trunk cabin.

The latter is oval in shape, and occupies the greater part of the deck

* Mr. Lawrence Higgs, of Key West, the builder of the Terror, hits presented the

working (or half) model of the boat to the National Museum. I am also indebted to

him for details of construction, Ac.

tin this connection it may be remarked (hat, in point of lines, rig, or speed, many of

these sponge boats would bear favorable comparison with the finest yachts of their

size on the coast.
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amidships, being 11 feet long by 7 feet wide; it is used for the double
purpose of sleeping- and stowing sponges and apparatus. The mast
stands well forward, being only a little over 4 feet aft of the stem, and
the boat may be easily handled under her mainsail alone. A large boom-
and-gaff mainsail and a jib are carried, but no light sails. The wood
used in the construction of the Terror is the same as that of which the

larger vessels are built. Copper is used for fastening the outside plank,

and galvanized and black iron for the frame and deck.

The following are the principal dimensions of the Terror: Tonnage,

tons ; length, over all, 24 feet; keel, 21 feet; beam, 10 feet; width of

stern, G feet 8 inches; depth (molded, gunwale to garboard), 3 feet;

depth of keel, 4 inches. Spars : Mast, 30 feet ; topmast, 12 feet ; bowsprit,

outside, S feet ; boom, 2G feet
;

gaff, 9 feet.

A boat of this description carries from 2 to 5 men, while the larger

vessels, like the Lillie, have 1.3 men on board.

Mr. Bathbun says that "the crews number from 5 to 15 men each,"

but 1 was assured by several parties that at present the number of men
on a vessel rarely, if ever, "exceeds 13, and it is also stated that many of

the boats are manned by only 2 or 3 persons.

For gathering the spouges small open boats of the Whitehall type

are used, these being locally called dinghies. Many of these boats are

built by the fishermen themselves, and are light, strong, and durable.

We were told, however, that a considerable number of the boats used in

the business are second hand craft, brought from northern ports. They
can be bought cheap, and, with such repairs as the fishermen can

make, they serve a very good purpose for a comparatively limited time.

The typical dinghy is a carvel built, keel boat, with a sharp bow
—the greatest beam being about amidships—straight stem- above water,

curved below; a round easy bilge; good run (with skag); and heart-

shaped, vertical, square stern. It varies from 12 to 15 feet in length,

and is generally about one-third as wide as long, while the depth

ranges from 10 to 18 inches. It has considerable sheer, and compara-

tively low free board, the object being to have a boat sit rather low in

the water amidships in order that the "hooker"—the man who watches

for and hooks the sponges from the bottom—may the more easily use

his water-glass without bending too much over the boat's side. Each
boat is provided with a stern and bow seat, and three thwarts, the

middle one, on which the sponge fisher always sits, being adjustable.

Two men go in a boat, as a rule, and while one watches for and hooks

the sponges from the bottom the other slowly sculls the dinghy over

the ground. A few of the boats have scull-holes cut in their sterns,

but the majority have a piece of hard wood board about a foot long

and half as wide, with a notch for the oar at the upper end, inserted

between two guiding strips, which are firmly secured in a vertical posi-

tion to the inside of the stern. This contrivance greatly facilitates the

operation of sculling, ami enables the man at the oar to stand more
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erect and at ease than he otherwise could. It is placed on one side of the

stern, and, being adjustable, may be easily removed when not needed.

Mulberry, oak, and horse-flesh are used for frames, and juniper and
yellow pine for plank, while galvanized iron nails are most commonly
used for fastening.

The Key West dinghies are " built by the eye," no model or lines being

used. The builder having decided on how large he is going to make
his boat, gets out his keel, stem, stern post, and stern board, fastens

them together, and sets them up. He then puts up the two midship
frames, which are secured to the keel, after which ribbands are run
from the stem to the stern, outside the frames, to give the boat the

proper shape. This having been done the other frames are made to tit

the ribbands, and after they are all up the planking begins.

A dinghy which I saw a negro building at Key West was constructed

in this manner. The following are the details of its construction, &c.

:

The keel, stern board, risings, thwarts, seats, and plank were hard or

yellow pine, the stem and timbers horse-flesh, and the keelson piece and
ribbands cypress "footlings." She had eleven frames, sevreu strakes

of plank on a side, two fixed and one adjustable thwart, a wide stern

seat, two rowlocks on a side, two narrow ribbands running fore and aft

in the bilge and nailed to the inside of the timbers. There was a beaded
gunwale outside that was 1\ inches wide, and a ribband inside the tim-

ber heads that was li inches wide, and like the gunwale one-half inch

thick. There was no covering over the timber heads as on most north-

ern-built boats. Her greatest beam was a little aft of amidships. In

other respects the general description previously given will apply to

this boat, of which the following are the dimensions: Length, overall,

13 feet 6 inches; keel, 13 feet; beam, 4 feet 6 inches; width of stern, 3

feet 3 inches; depth, 17 inches; depth of keel (outside of garboard), L|

inches; depth of stern (above skag), 10 inches; width of thwarts, 1

foot ; width (fore and aft) of stern seat, 15 inches.

The same style of boats are used to some extent by the market fisher-

men for going to and from their little sloops, though these are generally

somewhat smaller than those which have been described.

It may be added that the number of dinghies carried by a vessel em-

ployed in the sponge fishery depends on how large a crew she may have.

Generally, the vessels take one boat for every two men, exclusive of the

cook, who, while the others are out fishing, takes care of the vessel, and

sails her about wherever it seems necessary to go. The small craft,

which carry 2 or 3 men each, and which often prosecute their work
about the shallow reefs, sometimes take a dinghy for each man of the

crew, and in fine weather the larger boat is anchored and the men leave

her alone and go off' singly to seek sponges.

3. APPARATUS.

The apparatus, used in the sponge fishery is simple in its nature, and

consists of only a limited number of articles.
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The sponge-hoolc is a three-pronged iron claw, with a socket at its

upper end, into which is fastened a wooden handle. The length of the

latter is various, and is adapted to the depth of water in which sponges

are sought. Formerly it was seldom that any one used a sponge-hook

pole longer than 18 feet, but now, when fishing is often pursued in 35

to upwards of 40 feet of water, the poles must be lengthened out to

correspond.

The water glass is constructed by simply inserting a pane of glass into

the bottom of a box or common bucket, and making it water-tight. By
thrusting the bottom of this contrivance into the water and looking

through the glass a sponge hunter is able to clearly distinguish objects

on the bottom of the sea, even when the ocean is agitated by a fresh

breeze that would otherwise make it impossible to see anything. In

the early days of the fishery, when sponges were sought in shallower

depths, it was customary to throw oil on the water to smoothen it, when
its surface was rippled by a breeze. But, while this method answered

the.purpose very well, under the conditions then existing, it was found

inadequate when fishing in deeper water was attempted. As a result,

the water glass was introduced about 1870 and has been used ever since.

The "bruiser-'' is a short, stout club, which is used for pounding

sponges.

4. THE METHODS OF FISHING.

When the vessel has reached the locality where operations are to

begin, the boats are got into the water and two men go in each, as

has already been stated. The dinghies scatter about over the ground,

or work close to each other, as circumstances may dictate, the move-

ments of the boats being governed, of course, by the abundance in

which sponges are found.

One man sculls the dinghy along slowly (using a single oar over

the stern) while the other, who is termed the "hooker," sits on the

midship thwart, or kneels with his breast across the gunwale,* intently

watching the bottom through the water-glass which he holds in his left

hand, while the sponge-hook lays ready within his grasp, extended

across the boat. Trained by long experience, his keen eyes quickly

observe every object on the bottom, and he instantly detects the pres-

ence of a sponge when one comes within the field of his vision. No
sooner does he discover the prize for whic*h he is seeking than he sig-

nals, by a motion of his hand, for his companion to stop the boat, which

is deftly done by turning her around with the oar in such a way that

her center still remains over the sponge. In an instant the long-handled

hook is thrust into the water, and down it goes to the bottom, many

"Alarge sponge is fastened on the fisherman's breast to serveas a cushion, otherwise

lie could not endure to lie hour after hour across a boat's gunwale, and, even with

this protection, serious consequences sometimes result from persons continuing to fol-

low a business in which they must assume such unnatural positions.
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feet below, where it unerringly fastens on to the sponge, which is quickly

torn from its ocean bed and brought to the surface, when the man at

the oar reaches over, detaches it from, the hook and throws it in the

boat's bottom.

The dexterity with which one of these fishermen will manage the

long unwieldly sponge-hook, and grapple the objects which he seeks so

many feet below the water's surface is said to be very remarkable.

Fishing goes on all day, if the weather is suitable, with the exception

of the time spent at dinner. About noon and at evening the boats re-

turn to the vessel, when the meu eat their meals and spread their

catches on the deck, where the sponges are put to die and to allow them
to drain off the slime which runs freely from them.

While the crew is engaged in fishing the cook takes charge of the

vessel, which is kept under sail, and allowed to jog back and forth

over the ground. He also prepares the meals, and when the proper
time arrives steers the vessel alongside of the boats to pick them up.

The time of closing the week's work is varied somewhat by the condi-

tion of the weather. If bad weather prevails it may close any day, since

the vessels cannot work
; but, ordinarily, if the weather is fine, the ves-

sels stand inshore on Saturday night, and anchor in localities where
they each have one or more so-called " crawls"—inclosures for soaking
and cleaning their catch, each 8 or 10 feet square, and situated in 2 or

3 feet of water. The week's catch is landed and deposited in the crawls

to soak; the time of doing this being Monday, if the vessel comes in

Saturday night ; but if she arrives on Friday night then the catch is

landed on Saturday. The landing having been made, the previous

week's product is subjected to the cleaning process, the sponges being

beaten with the "bruiser" and squeezed by hand to lemove any dirt,

sand, or other extraneous substances that they may contain. They are

then strung on rope yarns and hung about the vessel's rigging to dry.

When sufficiently dried they are landed again, and spread on the shore,

and a man is detailed whose duty it is to watch all the sponges under
his charge, both in the crawls and on the beach ; this precaution being

necessary to prevent the depredations of thieves, who, if the property

was left unprotected, might swoop down on a station during the absence

of the vessels, and carry off the catch of a whole trip. When the vessel

is ready to return to Key West all her sponges are taken on board and
stowed in the hold.

The method of fishing adopted by many of the men who go on the

small sail boats, those from IS feet long to 5 or 6 tons, differs some-

times from that which has been described. The crews on these boats

are always few in number, and, of course, if one man should stay on

board to look out for the vessel it would make a material difference in

the working power of the crew. The boats are, therefore, anchored, and
all of the crew go out to fish. On special occasions, as has been pre-

viously mentioned, when the work is being done in shallow water, and
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the sea is cairn, these boat fishermen go singly in the dinghes, and thus

increase their chances for securing a good catch. This is called " oft-

handed sponging."

The larger vessels make trips ranging from six to eight weeks, and,

in some instances, it was said that they had been absent from Key West
as long as three months. The smaller craft do not generally stay out

on their cruises longer than from two to four weeks.

5. DISPOSITION OF THE CATCH.

When the vessels reach port the sponges are discharged on a wharf
and sorted into piles according to their several grades. This having
been done the cargo is sold at auction—at least it is called an auction at

Key West, though the conditions of the sale differ materially from those

which are generally meant by the term auction, and are substantially as

follows : The sponges having been arranged in proper order, the dealers

assemble on the wharf during the forenoon to examine the several lots

of which the cargo is composed. No person but one known to be an
agent of a house engaged in the business is allowed to make a bid, and
even these are not permitted to make more than one proposal for the

sponges. At 3 p. m. of the same day on which the examination takes

place, the bikers again assemble and submit written bids, the sponges,

of course, being sold to him who makes the highest offer. The sponges

are not weighed nor counted, but the different grades are bought in a

lump, the buyers, from long experience, being able to estimate pretty

closely the amount in any pile of goods.

After the sale, the sponges are loaded on carts and hauled to the

warehouses, which are generally large and airy, a good circulation of air

being secured through numerous large open windows on the sides of

the buildings. These establishments have a large number of bins or

pens, built along the sides, and into these the sponges are thrown after

they have been cleaned, bleached, and culled into the various grades
known to the trade, To prepare them for shipment they are thoroughly

washed and spread in a large yard to dry or bleach.* After the sponges
are well dried, the sand is pounded out of them, they are trimmed,

culled, and packed in bales measuring about 18 by 18 by 30 inches.

Screws worked by hand or hydraulic power are used to compress the

sponges, the former method being adopted in the establishment we
visited. The sponges are shipped to New York, where are several

houses engaged in the trade, and which control the enl^ire Florida catch.

* Rathbun tells us that "the process of bleaching or liming sponges has been exten-

sively in vogue at Key West, but is now meeting with much discouragement from the

trade, for while it renders the sponge much lighter in color, it also partly destroys its

liber and makes it less tough and durable." I noticed, however, that bleaching in this

manner is still practiced to a considerable extent, though not, perhaps, as much as

formerly.

S. Mis. 70—-17
'



258 REPORT OP COMMISSIONER OF FISH AND FISHERIES. [42]

G. FINANCIAL PROFITS OF THE SPONGE FISHERY.

The average annual gross stock of a first-class vessel of 30 to 40

tons, with a crew of 13 men, is variously estimated at from $5,000 to

$0,000, while those most familiar with the business say that a stock ex-

ceeding $9,000 is seldom made.

The "lay" is very much like that obtaining most generally on New
England fishing vessels, particularly those of Gloucester, the vessel

furnishing food and equipment, and the crew receiving one-half of the

proceeds of the sales, which is divided between them, the cook sharing

like the others. A man who earns $300 to $400 a year is considered

fortunate, while the average is estimated to be not exceeding $250.

B.

—

The smack fishery.

The smack fishery of Key West has always, we were told, depended

principally, if not wholly, on Havana for a market. Therefore, any-

thing which affects the fish trade at that port seriously influences the

prosperity of this particular fishery. Until within a few years past the

duties levied on American-caught fish in Cuba were comparatively light,

and the smack fishermen at Key West were prosperous. But when the

present duty was put on it was almost prohibitory, and practically de-

stroyed this branch of the fishery, or at the best caused it to be pursued

under the most discouraging conditions. All who could do so without

too great a sacrifice, sold their vessels, most of them going to Spanish

parties at Havana. Those which remain, some ten sail, ranging from

29 to 4G tons, it is said are run at a loss, and we were assured that

they can be bought at a very low figure. Several of them lay in Key
West, temporarily unemployed, one was engaged in carrying kiugfish

(caught by boats) to Havana, and another had been employed in the

fruit trade. Some of these were remarkably fine vessels of their class,

well modeled and rigged, and constructed of the most durable material.

But they are poorly adapted for anything besides what they were built

for; therefore, when fishing is unprofitable, it is as difficult to sell them

as to find paying employment.

THE FISHING GROUNDS.-

The fishing grounds most generally resorted to by the smack fishermen

are. off the west coast of Florida, in from 2 to about 7 fathoms of water

(and rarely so deep as 15 fathoms), the region lying between Charlotte

Harbor and Anclote Keys, being, perhaps, the most favorite locality,

nere, on the shore soundings, they fish for red snappers, groupers, and

other species which are in favor in the Cuban markets. Prof. Felipe

Poey gives the following list of the food-fishes carried from Key West to

the markets of Havana, which, in this connection, seems of especial in-

terest. Writing to Professor Jordan, from i I avana, under date of March

9, 1882, he says: "I have received from an old fisherman (now dealing
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in fishes in the Havana market) the following list of fishes which are

received in Havana from Key West, either living or preserved in ice:

•' 1. Ciierna = Epinephelm morio (C. & V.)

" 2. Pargo gauchinango = Lutjanus campechianus Poey.

"3. Pez Perro = Lachnolcemus suillus C. & V.

" 4. Aguaji. The name of Aguaji is given to two species, both of

which grow to a large size, viz, Trisotropis brunneus Poey and Trisotropis

aguaji Poey. The species here meant I believe to be the former.

" 5. Jallao — JIamiulon album C. & V.
" 6. Bajonado = Calamus bajonado (Bloch).

"7. Rabirruba = Ocyurus chrysurus (Bloch).

"8. Biajaiba = Lutjanus synagris L. (uninotatus C. & V.)

"9. Caballerote = Lutjanus cabellerote Poey. (Vide Poey, Enu-

merate, in Anal. Soc. Esp. de Hist. Nat., IV, 100.)

"10. Cabrilla. The name of Cabra {Cobra mora) is given to Epi-

neplielus punctatus Bloch (syn. maculatus, atlanticus, nigriculus, pixanga,

impetiginosus (vide Poey Anal. Soc. Esp. Hist. Nat., IV, 91). There is

also a Cabrilla (diminutive of Cabra), Epineplielus lunulatus (syn. catus

Yal.). I do not know which of these two may be meant.

" 11. Sierra = Cybium caballa C. & V.
" 12. Sargo. There are several Sargos. I believe that the one here

intended is Sargus caribccus Poey. Besides these I have myself observed

the following

:

" 13. Promicrops guasa Poey.
" 14. Trisotropis falcatus Poey.

"15. Trisotropis petrosus Poey."*

The object of fishing in such shallow water is to catch the so-called

" hardy " groupers and other fishes that will live in a well very much
better than if they were caught in deeper water. It is a fact fully es-

tablished, 1 believe, that fish taken from considerable depths ami brought

to the surface, where the pressure is less, and other conditions some-

what different, will die much quicker in a smack's well than those

caught in shallower water. At the best, great care must be exercised

to prevent the fish from dying, since, if the vessel lays perfectly still

where there is no tide way, the circulation of water in the well is often

practically stopped, and consequently the fish are exposed to the danger

of being suffocated. This is more liable to happen when flat fish, like

halibut, for instance, are in the well, since these lay on the bottom of

the vessel and cover up the holes through which the water enters. Of

course, in a sea way, when the vessel is in motion, ample circulation is

obtained. To secure this in calm weather, the New England smack

fishermen, particularly those from Gloucester, when engaged in the hal-

ibut fishery forty years ago, generally " bailed out the well," as it was

called ; that is, the crew kept busy dipping water from the well in buck-

* Translation of a portion of a letter from Professor Poey, by Prof. D. S. Jordan, Vol.

2, Bulletin of the United States Fish Commission, page 118.
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ets, and, of course, water from the sea ran into the well through the

holes in the bottom, and thus a good circulation was secured. The

English fishermen prevent halibut from interfering with the circulation

by suspending them by their tails. The Key West fishermen usually

adopt another method, and one that is feasible when a vessel is in

smoooth water. Mr. Stearns, who is familiar with the fishery, tells me
that each vessel has a live car on board, and when there is danger of

the fish being injured by a lack of circulation in the well, they are put

in the live car, and this is towed about until the desired results are ob-

tained. The Key West fishermen also "bail out" the wells of their

smacks.
2 VESSELS.

The smacks first used in the Key West fisheries were mostly, if not

wholly, from ports on Long Island Sound, of which the New London

vessels (sloops and schooners) may be taken as a type. These smacks,

so far as their model, rig, arrangement of the well, and some other minor

details are concerned, were admirably well adapted for work in this re-

gion, and as a consequence a considerable number of the Northern-built

vessels were purchased by Key West parties. It was fonnd, however,

that the material used in the construction of the Northern vessels was

not so durable as the native woods of Florida, and as the business de-

veloped and called for an increase in the fleet the demand led to the

building of smacks at Key West. These, with few exceptions, are

schooners, and they are modeled and rigged precisely like the smacks

from New London, which they also resemble in the minor details of the

arrangement of the well, ice pens, and cabin accommodations.* In a

few cases, as has already been mentioned in discussing the sponge ves-

sels, the cabins are built without berth-boards, a style that obtains very

generally on other types of Key West fishing craft.

The following description of the schooner-smack Emma L. Lowe, one

of the largest and finest of the Key West fleet, built in 1875, will give a

fair idea of the leading characteristics of this class of vessels.t She is

a carvel built, keel craft, with a good sheer, broad beam, and a reason-

able amount of depth. She has a sharp bow, flaring somewhat above

water; a recurved, slightly raking stem; long, projecting cutwater; high

rising floor (the floor timbers of the midship section being nearly straight

from the garboard to the turn of the bilge) ; rather quick turn to the

bilge; a long, lean, concaved run; slightly overhanging counters; and

a deep, square stern, the latter being somewhat thinner at the sides than

in the center. The stern-post has only a moderate rake, and the vessel

* There is at present only one sloop smack owned at Key West, we were told, and

she was built in New England.

tThe builder's model of this smack has been presented to the National Museum, at

Washington, by Mr. William J. Albury, who built her, and to whom I am indebted

for many of the details of her construction, as well as for particulars of the sponge,

schoouer Lillie.
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has less drag than the average fishing schooner of New England. The
center of buoyancy is about midships, and the lines are well calculated to

produce a fair sailing vessel, as well as one that would be eminently sea-

worthy in heavy weather; qualities that are in the highest degree desira-

ble in a fishing schooner, and which this smack is reputed to possess in

a high degree. She has a flush deck, a roughly-finished underdeck fore-

castle, where the cooking is done and part of the crew sleep; a trunk-

cabin aft, the latter being large in proportion to the size of the vessel,

while the finish is precisely the same as the prevailing style on the New
Loudon smacks, or, what is practically the same thing, those of the Glou-

cester schooners. The well, for the preservation of live fish, occupies

the midship section of the vessel; it has heavy strong bulkheads at

either end, and another in the middle, the former rising to within about
a foot of the load-water line. On top of these bulkheads is laid the well

deck, made of thick plank, the outside, one of which generally goes

through, flush with the outer planking, this style of construction being

technically known as building the wells with "primings out." The en-

trance to the well is through the " curb " or " funnel," an aperture 3 or

4 feet long by 2 or 3 feet wide at the deck, but much longer below, and
which is inclosed in strong planks extending from the well deck to the

main deck, aud securely fastened. There is no ceiling in the well, and,

as a rule, only half the number of frames that are put in the same length

in other sections of the vessel, the bulkheads supplying the place of

timbers for obtaining the necessary strength and rigidity. The outside

planking are perforated with the requisite number of holes to secure a

proper circulation of water for keeping alive the fish that may be put

in the well. The foregoing description of a smack's well applies gen-

erally to all vessels of this class and not to any one in particular.

The Lowe is rigged as a two-masted schooner, with a long fixed bow-

sprit and a single topmast. She carries no flying-jibboon. Her masts
are each supported by two shrouds on a side. She sets five sails, namely,

jib, foresail, mainsail, main-staysail, and gaff-topsail. The arrangement
of the sails, as well as their cut, is the same as that on the New England
fishing schooners of the same class, and is so generally understood that

a detailed description seems unnecessary. The ballast is chiefly iron.

The following material was used in the construction : Timbers of ma-
deria ; beams, outside planking, ceiling, and spars of yellow or hard pine

;

deck of white pine; fastenings, chiefly copper. She is 46.46 tons register,

and cost to build and fit for sea $10,000. The following are the princi-

pal dimensions: Length, over all, 66 feet; on keel, 58 feet; extreme

beam, 20 feet; width of stern, 15 feet; depth of hold, 8 feet; depth
of keel, 15 inches; draught, aft, 8 feet, forward, 6 feet; height of bul-

warks, 20 inches; length of trunk-cabin, 12 feet; width of same, forward

end, 10 feet, after end, 9 feet. Spars: Bowsprit, outside, 19 feet; fore-

mast, 60 feet; mainmast, 61 feet; main topmast, 25 feet; main boom, 42

feet.
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3. METHODS OF FISHING.

Working as they do in shallow water, fishing can be carried on by

the smacks only in fine weather. When the wind blows hard enough

to get up a choppy sea, the vessels run into harbor or take shelter under

a lee. As a result, much time is lost, and it often takes them five or

six weeks to catch a fare of 10,000 pounds of fish. This, Mr. Stearns

tells me, is about a maximum fare. The vessels generally fish at a drift,

the men using hand lines over the smack's weather rail. The gear dif-

fers somewhat from that used by the Peusacola red-snapper fishermen.

A sinker is made fast to the end of the line, and at some distance above

this are the snoods, with hooks at their ends, bent to the line, one over

the other, like hooks on a trawl. In fishing, the lead or sinker is

allowed to rest on the bottom, while the hooks trail out, one over the

Other, at a little distance above the ground.

Salt mullet are used for bait. Each smack generally has a small

seine, and the crew catch their bait while in harbor and salt what they

need for use.

The fish are crimped— pierced with a sharp-pointed cylindrical tube

behind the pectoral fin, to let the air out of the swim bladder—as soon

as they are caught, and they are then thrown into the well. As a rule,

the well must be "swept" each morning, and the dead fish removed,

the latter being salted or preserved in ice.

C.

—

The market fishery.

The market fishery at Key West is an important industry of the port,

employing some 40 or 50 sail boats, half of this number being large and

able crafts, which not only supply the city of Key West with fish for

local consumption, but take quantities that are shipped to Cuban mar-

kets. Some of the boats confine their operations chiefly to the grounds

situated at or near Key West, going out in the morning and returning

to the market wharf in the afternoon to sell their catch, or to make any

necessary arrangement for the next day's fishing.

1. THE FISHING GROUNDS.

There are two distiuct fisheries carried on by the market boats. One

of these has the kingfish (several species) for its object, while the

other is for the capture of grunts, yellow-tails, and many other varieties

of ground-feeding species. The most favorite ground for the kingfish

is in the vicinity of Sombrero Key, but more particularly, we were told,

on the south side of the key, over a stretch of 10 to 15 miles in the

direction of Key West, and generally outside of the range of the coast

line, over the bottom that slopes toward the Gulf Stream, and some-

times even in the inside waters of the latter. In this region kingfish

are usually very abundant from November to April, therefore the locality

has become somewhat celebrated us a valuable fishing ground, and is
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resorted to by the fishermen in preference to the waters nearer Key
West, where the same species occur, but are not so plentiful.

The smaller species of food-fishes, with which the Key West market

is well supplied, occur in greater or less numbers in the immediate

viciuity of the harbor, about the adjacent keys, and on numerous coral

patches known to the fishermen and which abound in the channel be-

tween the islands, within a radius of 10 or 12 miles, beyond which

distance they are rarely sought, though occasionally boats go farther

off. Indeed, so far as our observation extended, the boats seldom go,

in winter, more than 2 or 3 miles from the market wharf, and we often

saw them fishing within a short distance of a little mangrove key that

is, perhaps, not more than a mile and a half from the market, and in

many cases they were certainly not more than half that distance off.

Many varieties of these fishes feed about patches of bottom in the

channels, on which there is a coral growth, and we often observed them

in great numbers immediately beneath the roots of the mangroves, on a

little islet near the harbor, that was of coral formation, and about some

parts of which the water was quite deep. Favored here with unlimited

means of escape from their enemies by darting about among the man-

grove roots, or hiding beneath the projecting points of the coral shore,

it seemed to be a spot well suited to the habits of such species as

could here find sufficient food either on the bottom or among the schools

of tiny fishes that inhabited the same locality. The sudden approach

of a boat invariably caused a general stampede among the larger species

that have their haunts about the keys, and if one depended on first

impressions he would invariably decide that the place was destitute of

fish life, except, of course, he might see some of the little minnows scurry-

ing away among the mangroves. But hold your boat perfectly still,

and in a short time you will be both surprised and pleased by the num-

bers and varieties of fish that show themselves in the clear translu-

cent waters beneath you, coming from you know not where, and vanish-

ing as mysteriously at the slightest noise or unusual movement.

But this digression has been made more for the purpose of giving some

idea of the habits of the fish than to define the fishing grounds, for the

boats seldom go alongside the shores, at least not nearer than to anchor

just outside the shallow reefs that generally surround the islets, where

the depth drops suddenly from a few feet to several fathoms, and where

is often a favorite locality for many kinds of food-fish.

There are some red-snapper grounds that are resorted to occasionally

by the Key West fishermen. But these banks are not to be compared

in importance to those off the west coast of Florida, if we may judge by

the account given by those who have visited the former. One of these

grounds is near the entrance of the ship channel to Key West Harbor,

another is 2 miles east of American Shoal, one about 1 mile southeast

pf Pelican Shoal, and a fourth 2 miles east of Sombrero Key. These

spots are small in area, with depths of 18 to 25 fathoms.
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2. KEY WEST MARKET BOATS.

The Key West market boats are locally known as " smaekees," a name
applied, both here and in the Bahamas, to small vessels or boats pro-

vided with wells for keeping fish alive, the term literally meaning a

small smack. Two classes of these boats are recognized, one being

large enough to make trips to the fishing grounds, 25 to 35 miles away,

and stay several days, while the other and perhaps less numerous class,

locally designated as " single-day boats," are smaller and intended only

for fishing near Key West Harber, going out in the morning and return-

ing to market on the afternoon of each day. The larger boats are in-

variably sloop rigged, but some of the smaller class carry no jib.

Although the majority of these market boats are purely Bahamian or

Bermudian in type, having in some cases been brought from Ber-

muda on the decks of trading vessels or sailed across from the Bahamas,

and this model, as well as the rig, has been most generally copied by

the people of Key West, it is nevertheless noticeable that the .builders

at the latter place have shown a tendency, in some instances, at least,

to produce a craft more nearly resembling, in the shape of its hull,, the

deeper class of keeled fishing boats used along the New England coast.

A few of the smackees have been improvised from the yawl boats of

vessels stranded in the vicinity, by simply adding a top strake, build-

ing a well in them, and making such other changes as were required.

These last may be considered as only accidental forms, and therefore

to be omitted from any discussion of the typical smackee.

The most common form, or perhaps it might be called the Bahamian

type of market boat, is carvel-built, wide and deep, with comparatively

little sheer, a moderately sharp bow (the greatest beam about amid-

ships), high, rising floor, round easy bilge, moderately long, concaved run,

a deep, heart-shaped, square stern, but no overhang, the rudder head

being outside and the tiller working through a narrow long slot or hole

cut in the upper part of the stern. They have small gammon-knee
heads, deep keel, a curved stem and straight stern post, but there is

much difference in the rake of the stem and stern post in different boats,

some being nearly vertical while others are placed at a considerable

angle, so that the craft may be many feet shorter on the keel than over

all. The variations from the above, found in some of the Key West
built craft, are that the latter have some overhang to the counter and

more or less rake to the stern, so that the rudder head goes through

the counter instead of working outside ; a few of this type are also built

with a skag aft ; they generally have a more symmetrical sheer on top

;

are not quite so deep in proportion as the others, and, while superior

sailers in ordinary weather, are conceded to be far less able and sea-

worthy in strong winds and rough water than the heavy-draught boat

of the Bahamian model, which has a high reputation. It is asserted

that the latter will often go out on a fishing trip and will work to wjnij-
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ward in weather so bad as to drive tbe loeal pilot boats into barbor to

seek shelter.

All of the smackees are decked with tbe exception of a cockpit aft,

where the crew stand to fish or to sail the boat. The interior is divided

into tbree nearly equal compartments. Forward is tbe little cabin or

cuddy where the fishermen sleep, keep dry clothing, and spare gear.

This is entered through a small hatch or companion slide aft of the

mast. It is not provided with bertbs, so far as we could observe, an

old sail more or less carelessly spread on the floor being used for a bed.

Aft of tbe cabin is the well wherein tbe fish are kept alive, except when
a boat may engage in the capture of kingfish, when, as will be de-

tailed elsewhere, the fish are killed before being put into tbe well, where
it is, nevertheless, found expedient to place them, as they will, when put

in water, keep in good condition for about twenty-four hours. The well

is somewhat peculiar in.shape, being much larger at the botton than at

the top, the sides and ends having a strong rake. An average-sized

well is about 3 feet G inches long by 2 feet wide, on top, while at the

bottom it is G feet long and 4 to 5 feet wide according to the size of the

boat. It will thus be understood that it is both easy to select and take

from tbe well any fish that may be in it which a customer may wish for.

Many of these wells have a coaming about the top which flares out-

wards. There is also a coaming, about 4 inches in height, around the

cockpit.

Tbe material employed iu the construction of these boats is the same
as that of which the larger craft are built at Key West, maderia wood
being used for frames and yellow pine for planking, while the fastening

is chiefly galvanized iron. Copper paint is used on the bottoms and
inside tbe wells, and a new coat is put on about three times a year.

Although some attempts have been made to modify the hull of the

Key West smackee, so that it will conform more nearly with other

boats used in tbe United States, little has been done towards introduc-

ing any other than tbe "Mudian rig," which seems to be universally

popular with the fishermen. It is true that a very few of the boats

have a boom and gaff mainsail, but it is apparent that this innovation

is of the most limited kind, for the gaff rarely much exceeds in length

the half-inoon-shaped club attached to the mainsail head on other boats.

As has already been said, these smackees are sloop rigged, with few

exceptions. The long tapering mast is stepped well forward, so that

the boat will be perfectly manageable with a very diminutive jib, and

when it blows strong the latter is reduced in size to a mere rag by

being "bobbed;" its only use at such times is to pay the boat off when

she tacks, and to prevent her from griping too much on her helm.

A large leg-of-mutton (or triangular) mainsail is carried, this being

laced to the mast by a rope; while the foot, which is cut roaching and

hangs loose, its middle curving downwards, is extended by a long boom,

made of tough wood, that x>rojects far oyer the stern. The foot of the
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sail is attached only at the clew and tack, and it appears that the prej-

udice in favor of loose-footed sails is as great here as it is among the

fishermen of Great Britain. The head of the mainsail is sewed to a

piece of board about the shape of half of a barrel head and approxi-

mately about the same size, though some of these clubs are larger. The

bowsprit is fixed and is always short. The rigging is very simple. A
single shroud, at the most, on each side, supports the mast, if necessary,

though these are generally slack, while the jib-stay from the mast -head

passes through the bowsprit end and sets up at the stem. The manner

of reefing the jib, when it is used in strong winds, is called the u Mudian

tie,'' and consists in tying up the head with a piece of small rope so as

to materially reduce the size of the sail.

The mainsail is large, but is generally baggy, and in the latter respect

would suffer by comparison with the flat-setting sails generally seen on

Northern fishing boats.

With the exception of one or two boats of the smaller class that only

one man goes in, the smackees have crews of two men each. The boats

are provided with oars (13 to 15 feet in length) which may be used when-

ever required, though with such a large sail area as they have a very

light air of wind pushes them along at a rate which makes it unneces-

sary to row.

The average size of the larger class of smackees is IS feet on the keel,

21 to 28 feet over all, GA to 8 feet beam, and 1 to 4i feet deep, with a

draught equal to their depth. The mast would average in length 28 feet

above deck, the boom is usually 2 or 3 feet longer than the boat, while

the bowsprit is about 3 to 4 feet outside. The " one-day boats " aver-

age 14 to 1G feet over all, 4 to G feet' beam, and 3 to 3A feet deep. The

boat Jimmy, of this class, one of the cat-rigged type, is 12 feet G inches

long on the keel, 16 feet overall, and carries a mast 23 feet long, ami a

boom of 18 feet. The smackee Jeff Brown, built by William II. Pierce,*

is a fair example of the type of the larger boats of this class now

made at Key West. She was launched in 18S3, and has the follow-

ing dimensions : Length, over all, 24 feet; keel, 21 feet? beam, extreme,

9 feet G inches ; width of stern, 5 feet 5 inches ;
depth, molded, 3 feet ;

draught, aft, 3 feet; keel, 8 inches deep amidships, 4 inchesdeep forward

and G inches aft. Mast, 31 feet long ; boom, 23 feet; bowsprit, G feet

outside.

Dinghies are used in connection with the smackees, someof which differ

only in size from those carried by the sponge vessels, while others are

small skiffs of the sharpy pattern that seldom exceed 10 feet in length.

Ordinarily these are not required, but they are sometimes useful for

going to and from the land when the larger boat is anchored off at a

distance from shore.

The following are the details of construction, &c, of a sharpy-skiff:

She has a sharp, wedge-shaped bow, straight vertical stem, flat bottom,

*Mr. Pierce u»s presented tb© "b&H<W§ "'<mIcI of iiu- im.it h. tin- NntjomU Museum,
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curving- up in the after section, a long deep skag, square stern, and

stern post outside of skag and stern. There are two thwarts, the ends of

which rest against pieces of board (of the same width as tbe thwarts),

that are fastened, in a vertical position, on the boat's sides. Four

wooden row lock cleats, each with a single hole, are nailed to the gun-

wale. Tbe boat is built of yellow pine, and fastened with galvanized

iron nails. Tbe sides are each made of a single piece of board, and

they are fastened at tbe ends to the stem and stern, while the bottom

boards, which are each 3 or 4 inches wide, are placed transversely and

nailed outside the lower edges of the sides, thus protecting the latter

from chafe when the skiff* takes the ground in beaching. The dimen-

sions are as follows : Length, over all, D feet 1) inches ; extreme beam
(amidships), 3 feet 2 inches; width of bottom, extreme, 2 feet; width

of stern, 2 feet; height of sides, amidships, 1 foot li inches; of bow, 1

foot 4i inches; at stern, 1 foot 5 iuches, including skag. The latter

was 8 inches deep aft, tapering to a point forward, its length being 3 feet

10 inches, and thickness 1 inch.

3. APPARATUS AND METHODS OF FISHING.

Kingfish drails.—The boats engaged in the pursuit of kiugfish are

each provided with four drail-lines. Each of these lines is about 13 fath-

oms long, being one-half of an ordinary 26-fathom white cotton line of a

size that would weigh 10 or 12 pounds to the package of a dozen skeins.

To one end of each line is attached a stout, round-bowed, black steel,

flat-eyed hook. Two sizes of hooks are used, these being practically the

same in size as the hooks used on halibut trawls from New England, and

would correspond pretty nearly with Nos. 11 and 12 of tbe central-

draught pattern. The largest hooks are used when there is a brisk

breeze and the boats are going through the water at a good speed ; while

tbe others, which are only a trifle smaller, are preferred when the wind

is light.

The hooks are ganged with brass wire, since the sharp teeth of the

kingfish would quickly cut off a cotton line. Tbe method of ganging

is peculiar. A. piece of stout brass wire (one-sixteenth inch in diameter)

is bent into the form of a loop 2 or 3 inches in length, the two parts

of the wire being brought together about three quarters of an inch

from the bend, from which they are parallel to their ends; the latter-

are turned back about half an inch in a sort of a compressed hook-like

shape. This device is firmly lashed to the front side of the hook's shank

by fine brass wire wound round and rouud, and when secured there is

a loop projecting about three-fourths of an inch at tbe top, while all

possibility of its being pulled out is prevented by the bent lower ends.

Into this loop is now fastened a piece of wire one-sixteenth inch in thick-

ness aud 9 or 10 inches long, its upper end being twisted so as to form

a bight or loop for the fishing line to bend iiito, Such a ganging is very
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strong and durable and will last a long time unless, of course, a hook
may be lost by the parting of a line.

Hand-lines for ground fish.—The band-lines used by tbe boat fishermen

who catch the smaller species of market fishes are exceedingly primi-

tive in their character. The line is essentially the same as the largest

kind of mackerel lines, made of white cotton and usually about 10 to 12

fathoms long. To one end is attached a small kirbybeud hook (about

the size of a No. 16 central-draught hook), the method of ganging being

simply one or two clove-hitches taken with the end of the line around

the shank of the hook. Some 2 or 3 feet above the hook the sinker is

bent on, this being a piece of lead without any special shape and weigh-

ing a half pound or more, with one end flattened and a hole bored in it

to admit a short becket, the other end of which is bent to the line. Each
man generally uses only one of these lines.

Bruiser.—Clubs for killing the larger species of fish are carried,

these implements being locally known by the name of "bruisers."

Their shape and function are essentially the same as that of the " kill-

ers" used by the New England cod and halibut fishermen.

Bait.—The method of baiting the hooks for kingfish is peculiar, and
admirably adapted to this fishery. It may first be said that when a

boat reaches the ground a piece of pork rind, or a cotton rag—anything

in fact that looks white in the water—is put on the hooks until some
fish are caught, and it occasionally happens that such a lure may answer

the purpose tolerably well. The devices sometimes resorted to for pro-

viding a lure, when a boat first reaches the fishing ground, were rather

graphically set forth by a boatman of whom I asked the question, "What
bait do you use before you catch any fish ?" " Oh, anything we happen

to have," he replied ;
" sometimes pork rind, a white rag, or something

else that looks white. This trip I took his stockings" (pointing to his

shipmate, a lad of seventeen or eighteen years), " and first rate bait

they made, too. The fish bit fast, and we caught nearly thirty before

we had a chance to put on any other bait."

The bait commonly used after fishing has begun is the skin of the

kingfish, one or more of which are flayed during a trip to furnish a

supply.

It is cut from the side of a fish in transverse triangular sections, each

bait being 6 or 7 inches loug and 3 or 4 inches wide at its broadest end.

Two slits are cut in each bait, one near the apex of the triangle and

the other nearly in the middle. The hook is then passed through the

hole nearest the end and out of the other—the upper slit is pushed up
tke^hank and over the eye of the hook—in such a manner that when
being towed the bait folds together, showing only the silvery iridescent

hues of the outside surface of the skin, and resembling in appearance

some small fish as it goes skipping along at the surface.

The bait most generally preferred by the "single-day" fishermen,

who catch the small bottom-feeding species, is cray fish. Next to this



[53] THE GULF FISHING GROUNDS AND FISHERIES. 2G9

minnows— locally called "sardines"—are deemed the most attractive,

while conchs are used when more desirable material is not obtainable.

Methods of fishing.—When a boat engaged in kingfishing reaches the

locality where operations are to begin, she is sailed back and forth in

various directions, towing two lines which trail behind, the baited

hooks skipping along on or near the water's surface. The inner ends

of these lines are fastened on the boat's quarter, nearly abreast of the

middle of the cockpit, where they are convenient to the hand of the

fishermen. Two other drails, baited and ready to be thrown out, are

kept in the boat, and the moment that a fish is pulled in one of these

"relief lines" (as it may be called for want of abetter name) is thrown

out, so that two lines are always kept towing. If it were practicable

to use a larger number of drails, perhaps many more fish might be

taken; but for various reasons this cannot be done. The kingfish is

exceedingly active, and when hooked will dart about like a flash in va-

rious directions, unless he is immediately hauled in. Thus, if fish should

strike several lines that could not be pulled in at the moment, the re-

sult would be their almost inextricable entanglement, a consequent

waste of time, and the possible loss of the fish and gear. Another rea-

son why a larger number of lines cannot be used is that when a school

of kingfish are found they bite very fast and with extreme voracity, and

at such times all the boats in the vicinity collect together and sail side

by side, at very short distances from each other. One untended line

might foul the gear of several other boats in this case, and the whole

fleet might be thrown into confusion. Whenever kingfish are found in

abundance a boat stands along, and the men keep themselves busily en-

gaged in pulling in the large, vigorous, and gamy fish, until the latter

cease biting, when the smackee is tacked and returns along the same
track she has just passed over. And thus she continues to work in

nearly the same locality until the fish are exhausted or cease biting.

It sometimes happens that a good fare, 200 to 250 fish, may be taken

in a single day, and the catch is often large, but it is not unusual for

the boats to be absent several days, and in some cases as long as a wTeek.

It will, however, be readily understood that other causes besides the

abundance offish may materially influence the time of a boat's absence

from port. For instance, with calm weather, or with a heavy head

wind it may occasionally take a long time to reach the fishing ground

off Sombrero Key, and the success of the operations after arriving there

is very much dependent on the wind and weather, as well as on the

strength of the current and condition of the water, whether clear or not.

Again, the kingfish is reputed to be very capricious about biting, and

though it generally takes the hook with the greatest eagerness, there

are times when it will not bite for several days ; at least it cannot be

caught in sufficient numbers to make it profitable to fish for it.

After spending the day in fishing, the boat heads for Key West to

market its catch, or runs in at night and anchors under the shelter of
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one of the numerous keys that fringe the coast. Not unfrequently a

fleet of a dozen smackees may be seen riding side by side, often lashed

together, while their crews pass away the evening in recounting their

experiences of the day, or gossiping about affairs at home, and perhaps

some one who is musically inclined adds to the entertainment by play-

ing on some instrument that he carries in his boat for such occasions.

As has been indicated, the kingfish are often found in abundance,

and as it generally takes a hook very readily the fishermen frequently

have the liveliest kind of a time in tending their lines. To haul in

kingfish, with an occasional amber fish, hour after hour, many of the

specimens weighing 20 to 30 pounds each, requires not only skill but a

large amount of endurance, and it is safe to predict that a novice in the

business would soon find himself suffering with blistered hands, even if

the exceedingly vigorous exercise failed to fatigue him.

As the fish are brought on board they are hit on the head with the

" bruiser," to stun them, after which they are unhooked and thrown into

the well, where they remain until the day's fishing is completed. If

enough have been caught to go to market, the fish are taken from the

well and eviscerated as the boat runs on her course, after which they

are thrown back again and remain in the well until port is reached. If

the catch is not sufficient to go to market, the fish are generally split

and salted, unless it is expected to go next day.

The fishermen say that kingfish will not live fifteen minutes in a

boat's well, therefore it is necessary to handle them in the manner de-

scribed. The methods of fishing adopted by those engaged in the cap-

ture of the small species, of which there are many varieties, are as fol-

lows : The boat is anchored on the ground, the lines baited and lowered

to the bottom, each man using one line, which is all he can tend. As
fast as the fish are pulled in they are carefully unhooked and thrown

into the well. The boats usually start out in the early morning and

return to the market wharf about 3 to 4 p. m.

There are certain species, like the angel-fish, for instance, that can-

not be easily caught with a hook. These are captured by striking them
with small grains. As a matter of course, the method of capture kills

them, and they must be sold within a limited time, before they become
unfit for food. Depending only on the local demand, it naturally fol-

lows that a fisherman may often be compelled to throw away fish that

he has worked hard to catch but cannot sell.

As has been indicated, the capture of kingfish is prosecuted only

from November to about the last of March. In April it is said the fish

leave the coast, presumably to spawn. The fishermen think the fish

go off in the Gulf Stream to spawn, after which it is believed they go in

what is termed "The Bay," where they are supposed to stay until their

return in the fall.

During the summer the larger boats that have been employed in win-

ter catching kingfish turn their attention to anything that ofters a chance
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for making money. Some of them fish for snappers, groupers, or any-

thing that they can catch, and which will sell in the market, while others

go for turtle for a few weeks or months, as the case may be.

4. DISPOSITION OF THE CATCH.

As a rule, the great bulk of the kingfish taken by the Key West
fleet is sold and eaten in a fresh condition, but occasionally some fish

are salted on the boats and a greater quantity are split and salted after

they are landed, the surplus being disposed of in this manner. These

salted fish are often dried, and to facilitate this and insure the more thor-

ough drying of the fiber, the thick part of the fish is cut transversely,

nearly to the skin, at distances of about an inch apart. There is no

systematic method of drying, as one sees in curing cod, but the fish are

hung across rails, spread on wood-piles, or disposed of in any other

manner where they may have a chance to dry, a favorite method being

to suspend them by the tail. Cured in this way they make tolerably

good food, but it is altogether probable that a much finer article of

food might be obtained by smoking the fish. Its texture, and the oil

contained in its flesh, would no doubt make the kingfish excellently

well adapted for curing in this manner, and it is certainly possible that

when so prepared it might rival the halibut and meet with as great favor

in our markets as some other kinds of smoked fishes that now command
a high price and a ready sale. The fact that it is seemingly abundant

and can be bought at a comparatively low figure—the average whole-

sale price not exceeding 2 cents per pound for fresh fish—favors its in-

troduction as an additional article of smoked food. Experiments can

be made in this direction without great expense, and if found satisfac-

tory there is reason to expect that capital and experience will unite to

utilize the product of this fishery in such a manner that it may reach a

wider field than at present, create a greater demand for the kingfish,

relieve the fishermen from their present dependence on the Cuban mar-

kets, and also open the way for the employment of a larger fleet and a

greater number of men.*

The kingfish sold to the smack that runs to Havana, or by the fare

to local dealers, had a fixed price (winter of 18S1-'S5) of $22 per 100

fish, the buyer taking his chance as to the size. In winter it is said

that the average weight is about 12 pounds, and in spring about 8

pounds, though individuals are frequently taken that weigh as much
as 30 to 40 pounds each. The fish retail at various prices. For in-

* Being fully impressed -with the importance of this matter, I assumed the responsi-

bility of calling Professor Baird's attention to the subject. In response thereto he di-

rected me to purchase a lot of kingfish when the ship returned to Key West on her way
north, so that an experiment can bo made in smoking them. The fish were obtained,

but have not yet been sruoked ; therefore the result of the experiment must be given

at a future date.
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stance, one may be sold for a lump stun, his weight being guessed at,

while a certain price, as high sometimes as 8 cents per pound, is charged

in other cases.

The market building is constructed in a peculiar manner, with a view

to keeping the fish fresh as long as possible without ice. It is made of

narrow boards separated from each other about li to 2 inches, so that

a free circulation of air can be obtained. When a fresh breeze is blow-

ing the wind draws through quite briskly, enough so to assist in cooling

the fish, which are either spread out on a long wooden table or bench

or suspended by their tails from the rafters. The latter method is al-

ways adopted when the fish are not going to be sold right away, since

the wind circulates more freely among them and keeps them cooler than

when they are lying on the table. It is said that fish will keep perfectly

fresh for twenty-four hours, when hung up by the tail, if there is a

strong nortber blowing.

A considerable percentage of the kingfish go to Cuban markets, and

at the time of our visit the smack Aaron Kingsland was employed in

carrying cargoes from Key West to Havana, making a trip in an aver-

age of about one week.

Just before the arrival of the smack at Key West, of which the fish-

ermen are duly notified from Havana, as well as of the day she intends

to sail for Cuba, the fleet of boats start out for the kingfish grounds,

arranging their departure so that a good fare can be secured in time

for them to return on the day that the smack takes in her cargo. We
were fortunate in having the opportunity to witness the interesting and

instructive operation of a smack loading with kingfish for Havana.*

The vessel lay under the lee of a long wharf that reaches out into the

harbor, and hovering around her, from stem to stern, and several tiers

deep, boats outside of boats, lay the fleet of little smackees, like a flock

of sea birds, resting on the waves. They were just in from the fishing

ground, and the fares of those nearest the vessel were being rapidly

transferred to the smack's hold, where they were carefully packed in

pens, tier upon tier, each layer being covered with fine ice. The method

of icing the fish differs in no essential particular from that in vogue

among the New England fishermen. The ice was hauled down on horse-

carts and dumped on the wharf alongside the smack, whence it was

transferred to her deck. Taken altogether the scene was an interest-

ing and animated one. The fishermen gathered in squads on the vessel's

deck discussing the various incidents of their trip, or speculating on

the general phases of the fishery; the shouts passing between those on

the boats, as each tried to learn what "luck" his compeers had met

with; the monotonous repetition of the " tally" as the fish were taken

* A few days later I went on board the same smack lying at anchor in Havana.

The captain told me that it usually took about a week to dispose of a cargo, the fish

being generally sold at. retail.
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from the smackeesj the swarthy faces of the Cuban crew* peering up
from the dim light of tbe ice-house iu the vessel's hold; the many re-

markable ejaculations in Cuban Spanish, negro patois, and the peculiar

dialect of the native white tisherinen, made up a combination liable to

impress even the most casual observer. The bustle attending the

departure of boats that had discharged their fares, or the advent of new
arrivals that came dashing in by the pier head, under a press of sail,

which, a moment later, fell in graceful folds on deck, added to the spirit

of the scene, while the manner in which the little craft were handled

gave one a fine impression of the boatmen's skill.

The smaller species of fish are always marketed alive, with few ex-

ceptions. A quantity of these fish are kept in the boat's well, but iu

addition each crew has a live car—in the shape of a cube, and about 4

feet on each side—built of boards, in which more or less fish are kept,

the amount seemingly being limited only by the capacity of the recepta-

cle. These fish are sold at retail by the boatmen, who take them from

the car or boat's well, as the case may be. The car is kept fastened to

the wharf, and to show the fish to customers one-half of the cover is

turned back, and any fish that maybe selected from the numerous
varieties is dipped out with a scoop-net.

The following are some of the common names of the different species

of food fish usually sold in the Key West market: Moonfish,pompauo,

yellow jack, grunt, yellow tail, red grouper, black grouper or gag, mut-

ton-fish, red snapper, gray snapper, laying snapper, spotted hind, angel-

fish, porgie, blue tang, chub, Jew-fish or guasa, Spanish hogfish, amber -

fish, marget-fish, runner, parrot-fish, turbot, pug, jack fish, boiie-fish,

sailor's choice, barracouda, bluefish, Spanish mackerel (?), kingfish,

rock shell fish, horn-fish, tarpum, drum, redfish, mullet, sheepshead,

scamp, glass eyed snapper, squirrel-fish, permit, old wife, dog snapper,

French grunt, whiting, bream, goat-fish, nigger-fish, four eyed fish, shad,

moray, gar-fish, ballahou, schoolmaster, flounder.

I).

—

The turtle fishery.

Although the turtle fishery of Key West is comparatively of less im-

portance than some other branches of the fisheries pursued from the

port, of which mention has already been made, it is nevertheless a

well-recognized industry, employing some five or six sloops and schoon-

ers, of six to ten tons each, these vessels being of the same class as

those engaged iu sponging. Besides these vessels other boats engage

iu turtle-fishing to some extent at irregular intervals, but they cannot

*Althongh this smack belongs to Key West, she is manned entirely by a crew

who are natives of Cuba: though residents of Key West, some of them were unable

to converse in English. It is a fact perhaps not generally known, that a large per-

centage—estimated by some as high as 30 per cent.—of the population of Key West,

came from Cuba, many of them being political refugees, and one hears Spanish spoken

iu the streets as frequently us English.

S. Mis. 70 18
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be included in- the list of turtle hunters. Five men usually constitute

a crew.

The turtles are sought for in the channels between the keys that are

their favorite haunts. It is the habit of the turtle to feed in these

channels, moving in and out with the flow of the tides. The localities

frequented by turtles are called " turtle sets," and it is said that the

hunters become exceedingly expert in finding these, as well as in cap-

turing the animals they are in pursuit of. But the greatest skill is

often of no avail, for so extremely uncertain are the returns, that it is

asserted that a vessel may sometimes be a month absent from port

without taking a single turtle, while another may be "lucky" enough

to secure two dozen or thereabouts in three or four days.

The turtles are taken in nets similar to an ordinary gill-net, which

are put out at night across the turtle sets so as to intercept the ani-

mals as they move in and out through the channels. The turtles get

their heads and flippers entangled in the meshes, and in their strug-

gles soon become so wound up in the twine that it is impossible for

them to escape. The nets are made of coarse, strong twine; they are

each 50 to 75 fathoms long, 5 to 7 fathoms deep, and have a mesh vary-

ing from 14 to 18 inches. The nets are hung to ropes in the ordinary

manner of hanging gill-nets; wooden floats are strung along the upper

edge, and lead sinkers are most commonly used. Turtle pegs are also

sometimes used ; but we were told that the Key West men depend

chiefly on nets as a means of capture.

There is much variation in the size of the turtles, their weight rang-

ing all the way from pounds to 200 pounds or upwards. The smaller

turtles, those ranging from to 10 pounds in weight, are utilized to

supply the local demand, and the price for these is about 10 cents per

pound. The larger animals, those between 1G and 200 pounds in

weight, are shipped to New York ; but it does not pay to send any

larger ones North. After being brought to Key West the turtles are

[mt in large pens built underneath the piers—sometimes called " turtle

crawls"—where they are kept pending their shipment. Those sold to

New York parties average a price of to 8 cents per pound. The
largest turtles, those too big to ship, are, like the small ones, used to

supply the local market. They are worth about 3 cents per pound be-

fore being butchered, but sell for about 15 cents in the market.

The returns from this business are very uncertain, as has already

been indicated, but on the Avhole the men engaged in it are said to do

fairly well, though we were unable to get any estimate of their earnings.

E.—TnE SHORE SEINE FISHERY.

A limited fishery is carried on by the Key West fisheimen, for a few

weeks or months of each year, with drag seines that they throw around

schools of fish near the shore and pull them to the land. Of course.
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when using such apparatus the operations are limited to such localities

as have clean beaches, which are not numerous in this region, at least

so far as our observation extended.

Flat-bottomed seine boats, of the sharpy pattern, are used. One of

these that I saw on the beach in Key West was 20 feet long over all,

feet 3 inches wide amidships—its broadest part—4 feet wide on the

bottom, and 20 inches deep. It had one stationary thwart, 3 feet from

the stem, in which was a mast-hole, an adjustable thwart amidships,

and another stationary one about 8 feet from the stern. At the stern

was a platform, on which the seine is stowed, 5 feet 4 inches long, fore

and aft, and placed 2i inches below the gunwale. The boat had 11 sets

of lo-inch-thick timbers, and a Small skag aft. The methods of seining

in vogue on the Florida coast will be more fully discussed in another

place.

According to Mr. Stearns there are about six seine gangs from Key
West, averaging thirty men to a gang, employed in the fall mullet

fishery from the beginning of September to the 20th or 25th of Decem-

ber. The fishermen and their boats are taken to the west coast of

Florida in vessels which are also employed to transport the catch to

Cuba.

The principal seining stations frequented by these fishermen are

Charlotte Harbor, Sarasota, and Tampa Bay.

III.—NOTES ON THE FISHERIES OF WESTERN FLORIDA.

The fisheries of the west coast of Florida, particularly those which

center at Pensacola, are specially interesting because of the marked im-

provement that has been made in their importance within a few years

past. So notable has been the advancement in. the fishery for the red

snapper (Lutjanus blackfordiijGoodu & Bean), for instance, that data col-

lected and compiled for the census year of 18S0 no longer convey any

adequate idea of the present condition of the business.

For many months of the year the waters of Western Florida are said

to swarm with various kinds of edible fish, some of which are the most

delicious and highly prized of the ocean species. Some of these are

migratory, and can lie taken only during certain seasons, when they ap-

pear on the coast, while other species are non-migratory and are caught

throughout the year.

The present favorable condition of the fisheries is largely due to the

enterprise of a few firms, who have entered into the business with asmuch
zeal as seems prudent in a new industry, and who, by obtaining conces-

sions from the express companies and other transportation agencies,

have made it possible to send fish to distant markets in good condition

and at prices that are reasonable. Of course, it may be supposed that

with the growth of the fisheries and the consequent increase in the

amount of material to be transported, still more favorable arrangements

may bo made which may tend to the development and improvement of
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these industries, as well as to the advantage of the railroads that carry

the fish. At the best, however, the fisheries of this section must labor

under the disadvantage of being remote from large centers of popula-

tion ; and as a great proportion of the catch must be marketed in a fresh

condition, and consequently be carried by fast freight, the cost of trans-

portation will always be large. As an offset to this is the abundance

of fish, certain varieties of which can be taken with less expense than in

many other places, and it seems to me only a question of time when the

demand will be such as to call for a very much greater quantity than

is now taken, the result of which will be an enhancement of prices, the

employment of more men and capital, and the consequent material im-

provement of the coast and offshore sea fisheries. But while we may

reasonably assume that the fisheries of the Gulf may attain much greater

proportions than they now have, it is not probable that they will ever

reach an importance at all comparable with such fisheries as those of

New England, simply because there are not the enormous resources to

draw from for a large supply of material, and also because these south-

ern species are not likely to fill so important a place in cured food as do

the staple productions of our northern seas.

Such are some of the conclusions that have been arrived at, from a

brief'study of the fishing industries of this region, and it has been

deemed best to present them here as prefatory remarks, bearing, in a

general way, on the more specific notes which follow.

It is also proper to state that the notes presented here are based on

such data as I was able to gather in a few hasty interviews with people

who are familiar with the fisheries of Western Florida, as well as on my
own personal observations. The chief aim has been to get an idea of

the methods of fishing, and the vessels and apparatus used, thinking it

might, at least, be possible to offer some suggestions for their improve-

ment. At the same time a general idea has been gained of some other

details pertaining to the various fisheries discussed. Such facts as have

been gathered are combined in the following pages. That they will

come far short of a complete discussion of the whole subject, even in the

localities mentioned, I am fully aware, and therefore they are given for

what they are worth, since the object aimed at is not to make a compre-

hensive report, but simply to give such salient points as will enable the

reader to obtain an idea of the leading features of the industries referred

to. Necessarily, too, the information gathered is chiefly concerning

the Pensacola fisheries and those of the nearest, points to it, since these

were the only ones we had a chance to study, not having visited any

other place on the west coast of Florida but the above-mentioned city,

except Tampa, where I saw no one.

A.—The red-snapper fishery.

The red-snapper fishery is specially interesting, because of its com-

paratively recent origin, as well as for the advancement it has made

within the past few years, so that it may now be considered as
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being in the front rank of the fisheries of the Gulf coast. Its head-

quarters are at Pensacola, which now controls this industry, since the

nearness of this port to the fishing grounds, combined with its railroad

facilities, make it the most available market, and give it many advan-

tages over New Orleans and Mobile, which cities have a few vessels

employed in the business. With the exception of two vessels owned
at Mobile, and which market their catch at that port, the entire fleet

take their fish to Pensacola, where they arc sold, or, in a few cases,

shipped to consignees at New Orleans.

At the present time (1885) there are employed in the red-snapper

fishery of the Gulf seventeen schooners and four sloops, with a total

tonnage of 709.21 tons, and manned by one hundred and forty men,

approximately. The total amount of fish taken by this fleet we were

unable to obtain, but judging by such statistical data as are at hand, it

cannot fall far short of 2,000,000 pounds.

In addition to the vessels, there is a more or less numerous fleel <»f

sail boats, of various sizes, up to six tons, that find employment (lin-

ing the summer in fishing for snappers, and the aggregate taken by

these is considerable.

1. THE FISHING GROUNDS.

In the early days of the snapper fishery the inshore grounds, where
the water is comparatively shallow—10 to 15 fathoms deep—were most

generally resorted to, and even at the present time, in spring and sum-

mer, fish are found in these localities, but not, however, in the same
abundance as formerly. The most important fishing grounds now are

those lying off shore, where the snapper can be found most abundant
in winter, the season when the fishery for it is at its height. Previous

to 1882 the chief part of the "snapper fishing was done between Perdido

Bay and Cape San Bias, in from 10 to 22 fathoms. Along this stretch

of ground there is said to be, here and there, patches of hard limestone

bottom, on which live corals and other forms of invertebrate life occur.

These places are often, says Stearns, depressions or gullies, seemingly

scooped out of the surrounding sand, and having a somewhat greater

depth of water than the adjacent bottom. Patches of ground of this

character are the favorite haunts of the red snapper.

Many of these spots have names, given them by the fishermen, to dis-

tinguish them from each other, though some of the grounds have not

received the same consideration.

The Trysail Banlc, a narrow gully, not more than 500 yards wide and

about a mile long, east and west, bears south southwest from Pensacola

Bar, from which it is distant 23 miles. It has a depth of 19 fathoms.

Dutch Bank, with a depth of 13 fathoms, is a small patch (hat lies off

Perdido Inlet, and can be found only by ranges.

Southwest Ground is a small spot bearing southwest from Pensacola

light-house, from which it is 5 miles distant.
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Middle Ground, on which many small boats from the navy-yard fish

in summer, is 3 miles east of Pensacola Bar buoy. Like the others, its

area is small.

Charles Henry Ground embraces a series of seven small patches lying

between the bearings of south-southeast from Pensacola Bar and south

by west from Santa Bosa Inlet, in 19 to 22 fathoms.

East Pass Grounds are several small patches of coral bottom, about

15 miles from land, with a depth of 19 fathoms, bearing south by east

from the East Pass of Santa Bosa Island.

Besides those already mentioned, there is a series of small patches of

ground lying between East Pass of Santa Bosa Island and Saint An-
drew's Bay, in 12 to 22 fathoms of water. These have been important

fishing grounds for several years, and are still much resorted to during

the warm season.

The grounds which are now most generally visited in winter, and con-

sequently of the greatest importance, are embraced in a somewhat nar-

now belt along what is termed the outer edge of the shore soundings,

between the meridians of 85° and SS° west longitude. Along this

stretch of sea bottom, which is more or less crescent shaped, are vari-

ous patches of considerable extent, with depths varying from about 20

to 47 fathoms, where the red snapper occurs in greater abundance dur-

ing the winter season than elsewhere so far as is known. The species

is found to the southward and eastward of this, even so far as the Tor-

tugas, and sometimes the fish are plentiful and bite freely, though, ac-

cording to Stearns, there is this difference between the grounds east of

the 85th meridian and those west of it: On the former, groupers are

far more abundant than red snappers, outnumbering them at least two

to one, while on the western grounds the case is reversed, for there the

snappers arc found in large schools, and average about twice as many
in number as other species. The success of the Pensacola snapper fish-

ery is unquestionably due, in a great measure, to the fact that this

species has been found in such large schools on the western grounds

and within easy reach of a market.*

The grounds lying between Cape San Bias and the Tortugas have

been worked over, we are told, but mostly inshore, in from 5 to 15 fath-

oms, which region has been thoroughly fished by the Key West smack-

men. Outside of the fifteen-fathom line, south of Tampa Bay, it is al-

together probable that little fishing has been done, and here, as well as

farther northwest, the red snapper may probably be found in abundance.

As a rule, the Pensacola smacks do not go farther to the southeast than

on a small ground that bears southeast £ east from Cape San Bias, and

* The researches made by the Albatross between Tampa Bay and Tortugas (see re-

port of the cruise) apparently proved that red snappers were even more abundant in

Ihis region, in 25 to 27 fathoms, than they are farther to the northwest. And while

the grouper appeared to outnumber the snapper north of Tampa, or between it and

Cape San Bias, the reverse was the case mi the more southern grounds.
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the center of which is in lat. 28° 43' K and long. 84° 27' W. This,

and the adjacent bottom, has been worked on about three years. As a

matter of fact it is thought that it would scarcely be profitable at present

for them to go farther from Pensacola, since it would take too long to

reach market with a fare of fish if a vessel encountered head winds on

her passage. Stearns says: "We have occasionally had some of our

vessels go as far to the eastward as to be off Tampa, where, in summer,

they have found patches of good ground, and a fair catch of snappers,

all along the edge of the so-called deep water, in a depth of about 22

fathoms. In the summer of 1884 the schooner Sarah L. Harding went

there to fish for groupers, which she was going to carry to Galveston.

But where in former years groupers had been abundant a good school of

snappers was found, a fare was obtained, and the vessel took her cargo

to Pensacola."

Although it is now deemed impracticable to go farther from Pensa-

cola than the vessels have been in the habit of fishing, there is no doubt

but that the men would extend their cruises were they sure of fair re-

turns on distant grounds, whenever the supply of fish on those now
visited grows less. As the case now stands, a smack will generally

strike fish before getting far beyond Cape San Bias, at the farthest, and

though the catch may not be all that one might desire, still it would

not be deemed wise to leave a certainty to search for better grounds

farther off, which no one has yet any definite knowledge of. The fact,

too, that on these eastern grounds there is said to be an abundance of

groupers, a fish that has little value in the Pensacola market, would

naturally deter the fishermen from making extended cruises which oth-

erwise they might venture on.

One of the oldest offshore snapper grounds lies off Mobile, and is about

.15 miles long northeast and southwest, and its width is, approximately,

2 to 5 miles; it has a depth of 37 to 42 fathoms, with a rough bottom,

chiefly of limestone and coral. It bears south-southwest from Pensa-

cola, from which it is about G5 miles distant. This ground has been

worked out, so that at present fish are not very abundant in the first of

the winter, but they are generally more plentiful in March, April, and

May. It is said that in this locality more West Indian species of fish

and deep-water surface swimmers are found than elsewhere on the

northern side of the Gulf.

The Old Cape Groundis another bank that, for several years, has been

accounted one of the most prolific regions visited by the snapper fish

ermen. Even at the present time it is one of the most important grounds

along the coast. The center of this bears about southwest from Cape

San Bias. The depths usually fished in, in winter, vary from 27 to 31

fathoms. There are no definite limits to the ground, but, according to

what we were able to learn of it, its length is about 20 to 25 miles along

the edge of soundings southeast and northwest, and its width from 3 to

7 miles. Farther to the southeast, and separated from the Old Cape
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Ground by a stretch of barren bottom that lays about south from Gape

San Bias, is the New Cape Ground. This bears from south-southeast to

southeast from the cape, and has about the same extent as the old

bank, while the depths do not differ materially from those of the other

ground. The character of the bottom is much the same on all those

banks, according to the fishermen, at least on the spots where snappers

are found, and they say that where the arming of their leads will bring

up black sand, or sand with black specks, coarse gravel, and live corals

or bryozoa, they consider it good ground for fish.

It may not be out of place to say that quite extended researches have

been made west of the Mississippi in search of snapper banks, the de-

mand for fish in the Galveston and New Orleans markets, and the conse-

quent high prices often paid being, no doubt, an inducement toward

making these investigations. As early as the fall of 1880 two smacks,

from Noank, Conn., which were fishing in the Gulf, made a cruise off

Galveston in search of fishing grounds, but found no bottom suitable

for red snappers to live on. Mr. Sewall G. Gobi) also tells us that he

spent the entire month of July, in 1S8.3, seeking for red snappers, and

sounding along the coast, from the southwest pass of the Mississippi to a

point off the center of Padre Island, Texas, a distance of about 450 miles.

The bottom, over all this extent of ground, was mostly mud and broken

shells, and totally devoid of any fish life, so far as he was able to tell. He
succeeded, however, in finding a small area, in 10 or 12 fathoms, bear

ing about east-southeast from Galveston, some 45 or 50 miles distant,

where there were some outcropping coral rocks on the bottom; and

here some red snappers were taken. It appears that two schools of

fish were found, but in each case the individuals were of small size and

they were not very abundant. The first lot taken averaged about 3

pounds apiece, while the fish caught from the other school weighed an

average of 7 pounds each.*

In the summer of 1884 the Teusacola Ice Company sent another

schooner off Galveston for red snappers, but the voyage was a failure,

the vessel not getting fish enough to pay her provision bill.

Captains of merchant vessels who visit Pensaeola have reported that

red snappers are abundant off the coast of Mexico, particularly in the

immediate vicinity of Vera Cruz. Mr. Stearns, who has inquired pretty

closely into this matter, is of the opinion that these reports are exag-

gerated. He says there are some small spots in sight of the city of

Vera Cruz where boat-fishermen take a few snappers, but he does not

believe there are grounds extensive enough to support anything like an

important vessel fishery.

The banks frequented by the red snapper having been discussed in a

general way, it seems desirable that certain peculiar characteristics,

* Mr. Cobb showed mo a large piece of coral rock that was pulled op on a fishing

lino, at, this place, and which he brought home and still keeps as a souvenir of the

trip. This rock would probably weigh 30 or 40 pounds.
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that distinguished them from other fishing grounds, .should be consid-

ered*

The rod snapper has a habit of congregating in schools of limited

extent, something like the mackerel and menhaden, instead of spread-

ing over the bottom as do the cod, haddock, and many other species of

ground feeders. It is therefore difficult to define precisely the limits of

the areas that it inhabits. The best that can be done is to give a gen-

eral idea of the locality aud extent of the banks on which are small

patches of ground where the snapper is found in abundance. It is not,

however, known, even to the fishermen, whether or not the fish remain

on a particular spot for a considerable length of time. It is only known
that the fish cover a very limited area, and it is believed that they can-

not be induced to leave the locality where they are found. A vessel

will rarely stop in one position more than a day, and frequently only a

few hours, before the school of snappers she is fishing on is broken up,

or the fish become gorged with bait so that they will not bite fast

enough to make it profitable to stay longer. Consequently, the vessel

gets under way and goes to port or "tries around" to find another

school. This being the case, it is, of course, quite impossible for any-

one to say positively that snappers remain in one locality for days or

weeks at a time. It may, perhaps, be safe to infer that when they have

located in a place where the conditions are well suited to their exist

ence, they remain there until the instinct of reproduction or other

cause may induce them to change their position. This seems all the

more reasonable, because it is only on certain kinds of bottom that the

fish are found, the peculiarities of which have already been alluded to.

The character of the snapper grounds, so far as relates to the abun-

dance offish on them, and, of course, their consequent importance, has

changed very materially, it is said, within the past three or four years.

It is claimed that this change is still going on, and that localities

that were remarkable for the abundance of fish on them only a year

or two ago are now of comparatively little importance. The best evi-

dence that can be adduced in support of this theory is the fact that

the vessels are continually obliged to extend their cruises further off

in order to meet with success, and at present we are told that it would

be of little use to attempt to catch fish on grounds where they could be

taken in great numbers in the early days of the business. Whether
this decrease in the abundance of the species will go on until it is no

longer profitable to prosecute the fishery is a vital question. While

this seems probable, one could scarcely be so dogmatic as to make such

a prediction, unless, indeed, he had special opportunities for studying

the fishery during a number of years. There are several reasous, how-

ever, which might lead one to anticipate a serious depletion in the num-
bers of the red snapper which do not obtain in the majority of food- fishes.

First, it is local in its habits, and, unlike most of the migratory species,

is taken at all seasons of the year; second, the region inhabited by the
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snapper (from a point about south from Mobile to the Tortugas) is a

narrow belt, rarely exceeding more than 3 to 6 miles in width, and its

total area is of comparatively small proportions ; third, it must be borne

in mind that certainly not more than one-half of this ground can be

taken into account at present, since it is not fished on for snappers

;

fourth, it must also be considered that, even on this so-called snapper

bank, fish are found only on small areas, that are more or less widely

separated, and which, combined, constitute only a very small percent-

age of the whole ground ; indeed, the localities inhabited by schools of

snappers are not so numerous but that much trouble is oftentimes ex-

perienced in finding them, and not unfrequently one or two days are

spent on the best grounds without good fishing being obtained ; fifth,

the great voracity of the snapper, and its readiness to take the hook,

makes it possible to capture a large percentage of the individuals in a

school, and it is fair to infer that in most cases their numbers will have

suffered a very marked diminution before they cease biting. In many
instances it is probable that nearly all tbe fish in a school are caught. It

will be apparent that this is the case when it is understood that one or

two thousand fish are sometimes taken in a few hours, the total weight

of which would approximate 10,000 to 20,000 pounds.

In regard to its food, which unquestionably exercises a great influence

on its movements, and the abundance of which perhaps confines it to

certain localities, there are various statements based on observation.

Stearns thinks that while groupers feed chiefly on Crustacea and other

material that may be picked off the bottom, the red snapper preys on

fish, which is his favorite and principal food.

Cobb says "The snapper feeds upon the best in the sea, calico crab,

blue crab, squid, polyp, and shrimp being his favorite diet."

I have myself taken a small bivalve from the stomach of a snapper.

But those caught on the Albatross seldom had anything besides fish in

their stomachs, though in a few instances small crabs were noticed.

Fish were also often found in the stomachs of groupers.

2. THE FISHERMEN.

The fact that for many years the vessel fishery for red snnppers

was carried on exclusively by "Yankee fishermen," who came here in

winter from New England, has naturally led to more or less eastern

men being at present employed in the business. In the winter of

1884-'85 there were three New England vessels engaged in the snapper

fishery from Pensacpla, and certainly one schooner belonging to that

port, which carried a captain and crew from the same section. In some

other cases the skippers were from New England. Some of them spend

the winter here, and go north in summer.

Mixed with these northern-born fishermen are many natives of the

South, as well as a more or less liberal sprinkling of foreigners—Ital-
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ians, Scandinavians, Minorcans, French, Spanish, &c.—some of whom
come here in ships which they leave to engage in fishing. The average
crew for a snapper-catcher is about seven men, and the total number
of fishermen employed in this business is probably not far from one
hundred and forty.

3. VESSELS AND BOATS.

The vessels employed in the red snapper fishery are for the most part

of northern build, and are about equally divided in type between the

tight-bottom schooners in common use north of Cape Cod, and the

welled smacks of southern New England. They are mostly of small size,

compared with the larger class of sea-going fishing schooners now em-

ployed from Maine and Massachusetts, and, as a rule, are quite old.

Some of them were formerly employed in the Gloucester fisheries, and
others from ports on Long Island Sound, or on the coast of Maine. A
few—generally those of the smallest class—have been built in Gulf
ports. Coming from so many sources, there is a marked diversity in

these vessels, and no one of them could be described as characteristic of

this special fishery. Those which came from northern New England
are, as a rule, sharp, schooner-rigged, keel craft, and have the charac-

teristic features of the clipper fishing schooners of the region where they

were built. The principal change that has been made in them is in the

substitution of a large, long-clewed, balloon main-stay sail instead ofthe

rather short-clewed sail used in New England. None of them carry a

flying-jib in winter, and only one or two have a foretop-mast and jib-

topsail. The schooner Henrietta Frances, of Boston, did attempt to

carry a flying-jib the present winter, but she soon lost herjib-boom, hav-

ing broken it off in the short sea of the Gulf.

Although tight-bottomed vessels are now found as well or better

adapted for the fishery than welled smacks, the latter were at first in

favor, therefore smacks, both sloops and schooners, were then purchased

for the trade. Comparatively little use is now made of the wells, since

it has generally been found more satisfactory to ice the fish than to keep

them alive. The northern-built smacks differ in no essential particular

from those of the locality from whence they came. Those from ports on

Long Island Sound are generally deeper, and somewhat fuller than the

vessels from north of Cape Cod, but are precisely the same as one may
see at Noank, New London, or at Fulton Dock, New York, where smacks
20 to 25 years old are still in use.

Some of these old smacks are said to be very seaworthy, and, though

they are small, they are considered well adapted to the fishery in which

they are engaged, and which, at present, is not sufficiently remunerative

to warrant the employment of large and costly vessels. So far, it has

not been found profitable to employ vessels much larger than 50 or 00

tons, and it is probable that this will always be a safe limit, since noth-

ing can be gained by additional tonnage. This is due to the fact that
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the fishery must seemingly always be carried on with hand-lines frorr

the vessel's side, or in dories, and in this case 8 or 9 men, at the most,

will catch nearly as many fish as a much larger number. Therefore, any

increase in the size of the vessels, above a certain limit, and addition to

the number of men carried, must result in greater expense without a

corresponding augmentation of receipts.

The following is a list of the vessels engaged in the red snapper fish-

ery, from Gulf ports, in the winter of 1884-'85:

VESSELS MARKETING THEIR CATCH AT PENSACOLA.

OWNED OK CHARTERED BY THE PENSACOLA ICE COMPANY.

Schooner smack Niantic, of Pensacola, 45.87 tons; built in Connecticut.

Schooner smack J. W. Wherrin, of Pensacola, 25.59 Inns ; built in Massachusetts.

Schooner smack Ripple, of Pensacola, 28.82 tons; built in Connecticut.*

Schooner Ada, of Pensacola, 16.46 tons.

Steamer Millie Wales, chartered ; burned in December, 1884.

Schooner smack Comet, of Stonington, Conn., 27.52 tons; l:mds her fish at wharf
of Pensacola be Company.
Schooner smack Mary Potter, of Stonington, Conn., 36.23 tons; lands her fish at

the same' wharf as above.

OWNED OR CHARTERED BY MESSRS. WARREN & CO.

Sloop smack Maria Antonia, of Pensacola, 15.89 tons; built at New Orleans, La.

Schooner Clsirence Barclay (tight bottom), of Pensacola, 25.03 tons; built at Salem,

Mass.

Schooner Sarah L. Harding (tight bottom), of Pensacola, 31.31 tons; builtiu Maine.

Schooner John Pew (tight bottom), of Pensacola, 42.36 tons ; built at Essex, Mass.

Schooner II. S. Rowe (tight bottom), of Pensacola, 5(1.5(1 tons; built at Essex, Mass.

Sloop Hope, of Pensacola, 5.40 tons; built at Pensacola.

Schooner Henrietta Frances (tight bottom), of Boston, Mass., 73.84 tons; built in

Maine. Chartered.

OWNED BY MESSRS. E. E. SAUNDERS & CO.

Schooner smack Estella, of Pensacola, 38.57 tons; built in Connecticut.

Schooner smack Caro Piper, of Pensacola, 29.64 tons; built in Maine.

CHARTERED BY THE SANTA ROSA FISH COMPANY.

Schooner John Di Lustro, of Pensacola, about- 21 tons; built at Pensacola, 18S4.

VESSELS OWNED AT NEW ORLEANS AND MOBILE, BUT WHICH LAND
THEIR FISH AT PENSACOLA.

Schooner smack Albert Hayley;
of New Orleans, La., 47.1*5 tons; built in Connecticut.

Schooner smack Emma I?., ofNew Orleans, La., about 31 fcons;built in Mississippi.

Schooner smack Frances Ellen, of New Orleans, La., lost at sea by being capsized,

January, 1885.

* The wells on these smacks are used when practicable, but generally it is found

more, satisfactory to ice the fish, as has previously been stated.
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Sloop suiack Challenge, of Mobile, Ala., 29.24 tons; built in Connecticut; chartered.

by Now Orleans parties.

Sloop smack Charles Henry, of New Orleans, 21.30 tons; chartered by New Orleans

parties.

VESSELS LANDING THEIR FISH AT MOBILE, BUT OCCASIONALLY AT
PENSACOLA.

Schooner smack Laurel, of Mobile, Ala., 33.07 tons; built in Maine.

Schooner smack Leonora, of Mobile, Ala., :!:i.02 tons.

From the foregoing it will be soon that, exclusive of the steamer de-

stroyed by fire and the schooner capsized, there were twenty-one vessels,

with a total tonnage of 709.21 tons, employed in the snapper fishery of

the Gulf in the winter of 1884-'85.

hi summer a number of sail-boats are employed, more or less regu-

larly, in the red-snapper fishery. These are mostly of the class usually

engaged in the oyster fishery in winter, and vary from 4 to (J tons.

Among the sail-boats that are employed in the IVnsacola red-snap-

per fishery, in summer, is one that deserves special mention, since in its

rig as well as in some other peculiarities it is very distinctive in type.

It is a carvel-built, center-board boat, entirely open ; with long, sharp

bow ; round bilge, tine run, and vertical, heart-shaped, square stern, the

latter being rather light and very symmetrical. The rudder hangs out-

side, and is managed by a yoke, the yoke lines reaching forward of the

mizzen-mast. This craft is rigged as a three-masted schooner, without

jib, and carries three sprit sails, the mizzen only having a boom. The,

masts are adjustable and the smaller spars and sails can be substituted

for the larger instead of reefing. So far as wre know, this is the only

three-masted open boat used in the fisheries of the United States, and

we are not aware that on any other does the European custom prevail

of substituting small sails for large ones when the wind increases. I

am indebted to Mr. Stearns for the following interesting account of

these boats, which, he says, are used by the negro fishermen of War-
rington to go to the nearest snapper grounds during the summer.

They are owned chiefly by pilots and stevedores, who, having used

them in their own trade during the winter, let them out in summer
to reliable negroes for fishing, taking one share of the catch for pay-

ment.

Formerly, this type of boats was used almost exclusively by the pilots

of Pensacola to board vessels at sea. The pilots would go from the shore

at 1! or '.j o'clock a. in., and sail in various directions until sunrise, when
the course was laid for home. A lookout was always kept from elevated

stations on shore during the remainder of the day, and the sighting

of a large vessel resulted in a general race between the whole fleet of

boats.
,

Sometimes the morning run would take the most of the fleet 20 miles

from land, and often very heavy winds and seas were encountered while

<)ut there.
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At a later period, say. eight or ten years ago, tbe stevedores were

very actively competing with one another, and it became the custom to

board vessels at sea to solicit tbe job of loading them. Various kinds of

boats were tried for tbis purpose and the "pilot rig," as it is here called,

Avas universally adopted as being the best. Whenever a vessel came
in sight, there would be a dozeu or more stevedores, and probably as

many pilots, engaging in an exciting race for her; all using all sail and

oar power. As the gains of success were large it became no object to

spare money in perfecting the boats.

In 1S7S and 1879 there was greater interest in tbe "pilot rig" boat

than in almost anything else about Pensacola Bay. There were re-

gattas in rapid succession, and the entries would range as large as 30

iu number. In the day of the finest specimens they could and did out-

sail anything of equal size that could be found.

They have mostly been built by Eobert Langford, who spent his

wbole time, with assistants, for ten years, exclusively in making these

boats. Tbe original model wTas the Whitehall pattern, but tbis has been

greatly improved to meet the requirements of the trade in wbich they

were employed.

Langford's boats are built with the greatest care, and are very ex-

pensive, but such is the excellence of their construction that, eveu with

the rough usage which they receive they are durable, and prove a good

investment in the end. Boats of similar rig and proportions were built

at New Orleans and taken to Pensacola to compete with Laugford's

productions, but tbe former were all very badly outsailed.

Since large pilot schooners have come into use at Pensaeola, and the

stevedores have abandoned the custom of boarding vessels at sea,

these boats have fallen into the hands of the fishermen. There are

12 or 15 of them now at Warrington that make a business of fishing

about 8 months in the year. From four to seven men go in a boat,

working for a share each. They leave Warrington at daylight, or be-

fore, and go from live to fifteen miles from the bar to small patches of

fishing ground, and leave the grounds in time to carry their catch to

Pensacola before the fish-houses arc closed; or in cool weather, remain

longer, and send the catch to market by one boat the following morning.

Their daily catch ranges from 100 to 1,000 pounds of fish per boat, aver-

aging probably about 100 pounds. The fishing gear is rigged similar

to that used on the smacks, but is generally lighter, lee is never used.

These boats often sail 10 miles a day, going and returning, besides

spending a large portion of the day on the fishing grounds.

Boats of this type are about 3£ beams to length, and their depth is

practically the same in proportion as that of an ordinary Whitehall

boat. They vary in size from 10 to 21 feet in length. The keel is shal-

low and quite wide in the middle for the center-board case. Tbe center-

board is iron, and it is placed a little forward of amidships. A boat

will have 3 or 1 thwarts according to its size. The stern is decked.
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flush *v itii the rail, for a length of 2 or 3 feet, and under this is it loeker

for food, &c.

The following are the materials used in constructing these boats.

Timbers of mulberry or " tighteys," which are very strong and light-

stem, keel, stern-post, and stern, of oak
;
plank of white cedar; gunwales

of yellow pine, and thwarts of yellow pine or oak. The fastening and

fittings are either copper or brass.

All have three sails, but the mainsail (or middle sail) is not carried ex-

'

eept in light winds or when a boat is being driven hard.

The area of sail on these boats, says Mr. Stearns, is so large that they

can be kept up in fresh winds, only by having a large amount of " live

ballast." From three to seven men constitute a crew, and if a boat is

racing all of these must be experts, and understand how to place them-

selves so that they may improve the stability and sailing qualities of

the craft. Even with small sails and a moderate-sized crew, these boats

will work to windward very rapidly, when most small craft will not

" look " that way.
" J once came from Warrington in one during a gale," says Mr. Stearns,

" when a 24-foot keel cabin sloop could not make any headway to wind-

ward. In ordinary winds and seas they will make a ,'U point course on

a wiud."*

The larger boats of this class cost $450, and the smaller ones from

$250 to $300.

Each of the vessels earries from one to three dories of the pattern built

in New England, from whence they are obtained. These are usually

IT to 15 feet long on the bottom.

4. APPARATUS AND METHODS OF FISHING.

Fishing-lines.—The hand-lines used in the snapper fishery are rigged

in a very primitive manner, little attention being paid to elaboration

and refinement of details, sueh as is common with codtish gear. But

this lack of care in rigging the gear is because it would be superfluous,

since the snapper usually bites so greedily that no refinement in the

apparatus is required to entice it to take the hook, and also because the

snoods and hooks are frequently carried off by sharks and jew-iish.

Therefore, a fisherman who would spend hours in rigging a hand-line for

cod-fishing, not neglecting the smallest detail that could add to its fine-

ness and supposed attractiveness, will soon learn that all this care is not

required in preparing snapper gear, and consequently will rig it as

others do.

The lines are usually 50 fathoms long, of steam-tarred cotton, of a size

weighing from 10 to 18 pounds to the dozen lines of 25 fathoms each.

A lead sinker weighing 2£ to 3 pounds is fastened to the end of the

* I understand Mr. Stearns to mean that they will, when sailing close hauled, lay

within '3% points of the direction from Avhich the wind may be blowing.
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line. Two moderately long-shanked, round-bowed, eyed hooks are bent

to the ends of a snood of smaller line (about F-J pounds to the dozen)

of 10 or 11 feet in length, and this is fastened to the main line above

the sinker by doubling the snood and passing the ends, with the hooks

attached, through the bight and hauling it taut. One end of the snood

is left to hang below the other about a foot. No swivels are used. The

method of ganging is to pass the end of a snood through the eye of a

hook, then around the shank and back underneath the standing part to

form a hitch. The end, which is usually G or S inches long, is sometimes

laid tip on, and bent to, the standing part. More frequently, however,

the end is simply cut off, or carried up and bent in a bowline to the

standing part, no trouble being taken to lay the line together. The line

is, in most cases, doubled above the hook to prevent its being bitten off.

Sounding-line.—Each vessel is provided with a sounding-line, which

is also a fishing-line. The line itself does not differ from those previ-

ously described. The sounding lead weighs about 8 or 1) pounds, and

has a cavity in its lower end to receive the arming, which is generally

wax. A snood, about 3 feet long, with a hook attached to its end, is

bent to the line some 2 to 1 feet above the lead. When the line is being

used lor sounding this hook is baited. Attached to the line, at a suit-

able distance above the lead, is a wooden toggle placed at right angles

to the line, so that it can be grasped in the hand to throw the lead.

Trawl-lines.—It seems desirable to mention the fact that attempts

have been made to utilize trawl-lines for the capture of the red snapper,

this apparatus being precisely the same as that used in the cod and had-

dock fisheries from IS'ew England ports. For various reasons, however,

trawls have not been found well adapted to this fishery. More fish can

be caught on hand-lines than on trawls, for the following reasons : (1)

the red snapper, as has already been stated, is found in schools of such

limited extent that only a small part of a trawl could be set where the

fish were, consequently the rest of the line would be put out to no pur-

pose
; (2) this being the case, the catch must necessarily be small, even

if a fish was taken on every hook that crossed the school; (3) the snap-

per is so active and persistent in its efforts to escape that it frequently

tears itself clear of a trawl-hook, especially if the latter is not well fast-

ened
; (!) the presence of sharks and large jewfish on the grounds in

considerable numbers is a decided drawback to the use of trawls, even

if other conditions favored it, for not only are lish liable to be torn from

the lines or mutilated by these pests, but the apparatus is also exposed

to the risk of being injured
; (5) the snapper bites so freely at a hand

line that more can be taken by this form of apparatus in a given time

than by any other means that has \x^vn tried.

With the above objections to the use of trawls, and the additional one

that they are far more expensivethan hand-lines, there seems no reason

to suppose that they will ever be profitably employed in this fishery.

Crimping (<><>h.—The welled smacks, on which fish are kept alive, are
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provided with crimping-awls, sharp-pointed hollow tubes, of brass, set

in handles so as to leave the handle-ends uncovered. These are used
for crimping the fish, to let the air out of their swim bladders so that

they can live in the well. Red snappers that are to be iced are also

crimped to let the air out, but the tool used is generally a pitchfork or

a pew—in fact, any sharp-pointed instrument that chances to be at

hand—and less care is exercised than when the fish are to be kept
alive.

Hand-haulers.—As a rule, the snapper fishermen use nothing to pro-

tect their hands, or to enable them to grasp the line more firmly. The
extreme activity of the red snapper, when hooked, and the rapidity

with which its bites, renders it impracticable to use woolen nippers

similar to those worn by cod-fishermen on the banks. But a sort of

hand-hauler is used by some of the Northern fishermen who come here,

which is something like that which the boat fishermen of New England
wear to protect their hands. This is much broader than the nipper,

covering most of the hand; is double, and generally has a piece of

woolen cloth between the two parts of knitted work.

Palmetto bindings.—Some of the New Orleans smacks, who ship their

fish from Pensacola to the home port, carry quantities of palmetto leaves,

which are used for binding or tying "bunches" of red snappers.

Other apparatus.—The pitchforks, fish-pews, gaffs, gob-sticks, &c,
carried by the vessels employed in this fishery are essentially the same
as those in use elsewhere, and need no special description.

Bait.—A vessel engaged in the snapper fishery usually carries from

300 to 400 pounds of salt bait on each trip. This is generally lady fish,

bluefish, or skipjacks, though the common mackerel [Scomber scombrus)

and the Gulf menhaden (Brevoortia patronus) are sometimes used. Halt

bait is put on the hooks when the vessel first arrives on the ground,

but after fishing has begun fresh bait is chiefly used, the hooks being
" pointed" with pieces of the salted article which is considered the most
attractive. Jewfish, groupers, porgies, leather-jackets, and sharks are

used for bait ; in fact, almost any fish that are caught on the lines, even
to red snappers, though, of course, the latter are not taken for this pur-

pose when fish of less' value can be obtained, which is generally the

case. The fresh bait has the advantage of being very much tougher,

as a rule, than that which is salted, and therefore cannot so easily be
torn from the hooks. Porgies are said to be more attractive bait than
most of the other varieties used fresh, and we hatl an opportunity for

noting that the red snapper prefer it to the grouper, both of which
we tried on our hooks.

It is said that after the 1st of March the snapper is far more dainty
than during the winter, and then choice varieties of fresh bait are re-

quired; lady-fish and bluefish are preferred.

There is nothing peculiar in the manner of baiting the hooks. The
bait is cut into irregularly shaped pieces, about 2 inches in diameter,

S. Mis. 70 19
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arid of varying thicknesses. Two or three pieces are put on each hook,

and sometimes more are used if the bait is thin.

Methods offishing.—The methods adopted for rinding and catching the

red snapper are peculiar, and, so far as we arc aware, differ from those

of any other fishery, either iu America or Europe. As has already been

stated, a remarkable habit of this species is to collect in schools of lim-

ited extent on bottom generally composed of black sand, live coral, small

rocks, and coarse gravel. As a result of this peculiarity, a vessel may
be within a stone's throw of a fine school of fish, and not a single sign of

their near presence be manifest to the fishermen, so far as getting a bite

is concerned. The natural inference to one unacquainted with the busi-

ness would be that no fish were near, but experience has taught that

such a decision is liable to be erroneous. When, therefore, a vessel has

reached the ground, aud the depth and the material brought up on the

lead are both indicative of the possible presence of snappers, the mate

of* the vessel begins throwing the sounding lead at short intervals, the

hook on the line being baited before the sounding begins. So ready is

the snapper to take the bait that it is confidently expected that one

will be caught on the sounding line almost the instant it reaches bot-

tom, should the lead strike the ground where there is a school of fish.

This being the case, the vessel is not hove to at all. If the wind is light,

she stands back and forth—usually by the wind—with a good full, but

if there is a fresh breeze she must be luffed into the wind, to deaden

her way, so that the lead will reach bottom. Iu either case the mate

stands on the rail, grasping the main-rigging with one hand, and heaves

the lead far ahead of the vessel, every few minutes ; and such dexterity

is acquired in this operation that it is currently reported Lhat some in-

dividuals can throw a lead over 120 fathoms before it strikes the water.

One who falls far short of proficiency in this part of the work is not

accounted a good mate for a. snapper catcher.

The sounding goes on continuously until a fish is caught, the vessel

standing off and on, constantly crossing from one edge to the other of

the fishing'ground. As soon as a snapper is taken the main boom is

guyed out, the jib hauled down, and the vessel hove to. While this is

being done a buoy with anchor and line attached is thrown over to

mark the spot, or else a dory is hoisted out and a man springs into her

with his line, throws out his anchor to hold on, and immediately begins

fishing. As soon as possible, all hands on board the smack get out

their lines andbeginffco pull in the snappers as rapidly as they ran. In

a short time, however, the vessel drills off the fish and not a single bite

can be felt. It is now that the wisdom of putt ing a mark on the ground

is apparent, for there is no difficulty in finding it, and the uncertainties

of guessing are "eliminated. Then, too, trials can be made on all sides

of the first position, if deemed desirable, and the precise locality where

fish are most abundant can be fully established. This point having

been settled to the satisfaction of the skipper, the anchor is generally
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let go, so that the vessel, when a "scope" is paid out, may be as nearly

over the center of the school as possible. Now the work of fishing be-

gins in good earaest, and if the snappers bite well, t, hieh is usually

the case, they are pulled iti with a rapidity that is surprising. We are

assured by the most reliable authority that the numbers takeu in a lim-

ited time are very much greater than would be believed possible by one

uuacquaiuted with the fishery. Mr. Stearns tells me that smacks have

taken as many as 1,700 to 1,800 fish in a single day, and on one occa-

sion a fisherman who sailed in one of his vessels caught 400 fish as tlie

result of one day's work.

When fishing begins, the snappers are usually caught within or 8

feet of the bottom, but if the school is large and the fish hungry, they

soon follow the lines up in the water, and iu a little while can be taken

by pairs only a few fathoms from the surface. At such times the en-

ergy and dexterity of the fisherman is fully tested, and he who is quick

est at pulling in his line, unhooking his fish, rebaiting his hooks, &c,
catches the greatest number of fish, and correspondingly becomes more

valuable to his employer.

When the fish are to be kept alive in the well of a smack, much more

than ordinary care must be taken of them, and consequently some of

the rush is dispensed with and fewer fish are takeu. As the snappers

are pulled in they are carefully unhooked, and the crimping awl is

quickly inserted under the fourth scale, behind the sharp, angular pro-

jection of the gill-cover, which is a distinguishing feature of their

heads. This lets out the air with which they are almost always in-

flated, after which they are put into the well.

Fishing usually continues without- cessation until the snappers cease

biting. If darkness puts a stop to the fishing the vessel generally lays

at anchor until the next morning, when she may get a second "spurt."

It more commonly happens, however, that the fish cease to bite while

there is yet daylight, the inference generally being that the school is

very much broken up, though in some instances it is evident that the

fish are still very abundant, since they can be felt knocking against the

gear and occasionally nibbling at the hooks. But it is difficult to catch

one. They take such a dainty hold of the bait at such times that if is

only now and then that one is hooked firmly enough to bring him to I he

surface. It is probable that the fish are gorged with bait, since there

is no other plausible reason that can be given for their change from re-

markable voracity to almost total indifference to food. The common
mackerel has a similar habit.

As soon as the fish cease biting, if there is still enough of the day left

to "try around," the vessel gets under way and the process of sounding

for a new school is begun and continued in the same, manner as has

been described, while the rest of the crew proceed to take care of the

fish, if they are to be iced.

It occasionally happens that one, two, or even more clays may some-



292 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [7G]

times be spent in searching for fish without finding a good school, and

in winter wishing is often very much interfered with by continued rough

weather. In strong winds the sea is short and na»ty in this part of die

Unit, and it goes without saying that "sounding out a berth" cannot

be successfully continued in heavy weather. If, however, a vessel is

anchored on fish, they can be caught in pretty bad weather.

Although the men fish from the deck, as a rule, when the vessel is at

anchor, it should be stated that sometimes in fine weather a portion of

the crew go out in dories at various distances from the smack. Hand-
lining in dories for codfish is very much more profitable than fishing

from the deck of a vessel, but in the snapper fishery the conditions are

so different that the same advantageous result is not always obtained,

though occasionally the boats are able to find better fishing than can

be got on the vessel.

Some of the snapper-catchers do not anchor, unless in exceptional

cases, but prefer to fish at a drift and work back to windward whenever

they have lost good fishing.

5. CARE OF THE FISH.

The method of caring lor the fish that are kepi alive has already been

indicated, in part, at least. It remains to be said that much care must

be exorcised to prevent them from dying in the well from suffocation,

in case of calms, when the vessel lies motionless. It is then necessary

to get up an artificial circulation of water by "bailing the well," or

adopting some other means to effect the same object. It is also neces-

sary to sweep the well with a, dip-net at intervals, and remove any fish

that are dead. These are iced.

Those vessels which ice the whole of their catch carry about five or

six tons of ice each trip, in winter. These are provided with a series of

pens built in the hold, in which the ice is stowed and the fish packed.

The snappers are not eviscerated, but are carefully washed before

being iced. They are then thrown into the hold and packed in the pens.

A layer of broken ice, 8 or 10 inches thick, is first put on the floor of the

pen, and on this is laid a tier of fish. Just here there is some variation

in the methods adopted by different men. Some skippers are very par-

ticular about having the fish packed carefully in the pens by hand, and

always laid on their sides in regular order in the tiers. But others

simply pitch the fish in belter skelter, and pay no regard to the order

n which they are placed.

After a tier of fish is put in the pen if is covered with pounded ice

(the latter, however, not being very fine), then follows another tier of

iish and more ice, until the compartment is nearly filled, a covering of

ice several inches thick being put on top of all.

Groupers (red and black), scamp, and other marketable kinds offish

that are sometimes taken with the snappers, are iced in the same pens
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and in the manner above described. The groupers are little valued at

Pensacola, and no one thinks of catching them in quantities as they do

snappers, though a few are sometimes taken.

6. RUNNING FOR MARKET.

When a fare is obtained it is desirable for the snapper-catchers to

make port at the earliest possible moment, because their cargo is a

perishable one, and the sooner they can reach a market the better will

be the condition of their fish. Therefore, as soon as it is decided to run

in, all sail that the vessel will carry is piled on, and she is driven to her

utmost. This is particularly the case if there is a possible chance of

reaching Pensacola Bar before day closes, since, to avoid laying off the

harbor all night, the vessel is crowded as much as she will bear, if there

is wind enough. If, however, she cannot reach the bar before night fall

less sail is carried, for unfortunately, owing to a lack of suitable range-

lights, it is not safe to attempt to cross the bar at night, particularly in

bad weather. Occasionally this is done by the fishermen, but the risk

of running aground is too great to warrant the attempt.

7. LANDING OF THE CARGOES AND DISPOSITION OF THE FISH.

When a vessel reaches the wharf the fish are hoisted from her hold

in tubs to the storehouse, where they are weighed and packed for trans-

portation. The method of packing varies somewhat, though it may be

stated in genera! terms that all the iced fish, except those sent to New-

Orleans, are eviscerated before being packed for shipment. At New
Orleans, fish that have been eviscerated do not sell well, w'e were told,

though it seems strange that such a prejudice should exist.

I had the opportunity of seeing a fare of snappers packed at the store-

house of the Pensacola Ice Company. After being weighed, the fish

were ripped down the belly with a knife, beheaded with a hatchet or

ax, eviscerated, and packed with ice in barrels, without being washed.
Warren & Co. make a small slit near the vent of the fish instead <>(

ripping it open
;
the intestine is cut near its posterior extremity, the

head is then cut off and the viscera pulled out. Fish treated this way,
and washed clean, look much more attractive than if ripped open. The
snappers shipped by this firm to E. G. Blackford, New York, are not

beheaded. The gills are taken out and the viscera removed in the man-
ner described.

The red snapper is remarkable for the length of time it will keep in

excellent condition in iee. Packed in barrels or boxes, in the way we
have mentioned, it is sent all over the country, more particularly to the

large cities; going as far as Boston in the Northeast, Chicago in the

Northwest, Denver in the far West, New Orleans in the Southwest, and
Jacksonville in the Southeast, incidentally, the fish may reach agreater
distance. Thus, they sometimes go to Galveston, and it is claimed t hat

Minneapolis is supplied with them. Some of the cities inside these
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limits, such, for instance, as Saint Louis and New York', arc among the

best markets for the red snapper.

There are certain peculiarities about the method of shipping fish to

New Orleans from Pensacola that are worthy of being noted. As has

been stated elsewhere, there are a number of New Orleans smacks en-

gaged in the snapper fishery that ship their catch from Pensacola, to

the home port. Arrangements are therefore made with the railroad

managers to insure a box-car being placed at the disposal of the captain

of a smack whenever he chances to need it, and he takes the responsi-

bility of packing his fish in the car for transmission to his agent or

the owner of his vessel at New Orleans.

On one occasion I saw the smack Albert Hayley discharging a cargo

of fish at Pensacola and packing them for shipment to New Orleans.

The greater part of the fish lay on deck tied up in " bunches" (with pal-

metto leaves), roughly estimated to weigh 25 pounds to the bunch. We
were told that it is customary to ship this way to the New Orleans

market and that a certain price per bunch is paid for the fish, (he amount

in this instance being $1 per bunch.

Part of these fish had been taken alive from the smack's well, and

the rest had been iced; none were eviscerated. The fish were packed

with fine ice in a box-car, the bunches being stowed so that the heads

were up.

All of the fish shipped from Pensacola go by rail, except those sent

to New York; these are generally shipped via the Savannah Steamship

Company's line.

8. LAY.

As a rule, the captain of a vessel is the only person on her who re-

ceives a share of the proceeds, or, to put it in technical language, the

ouly one who goes on shares. The rest of the crew are hired. The aver-

age wages for a mate, who must be a first class fisherman ami a man of

considerable experience and judgment, is $40 per month. The other

members of the crew are paid an average of $135 per month to each man.

Boys are seldom carried, and the wages of the men are governed some-

what by their efficiency, a good fisherman, who is reliable and steady,

commanding higher pay than one who is deficient in these qualities.

The settlement between the owners and captain is effected in the fol-

lowing way: All of the fitting expenses, including such articles as pro-

visions, fishing gear, bait, ice, &c, and the wages of the crew, with the

exception of the mate and the next highest-priced man, are deducted

from the gross. stock, the remainder being termed the. net stock. The

skipper receives one- fifth of this net stock as his "share," and 8 per

cent, on two-fifths of the net stock as captain's commission. From her

four-fifths of the net stock the vessel pays the wages of the two highest-

priced men (one of whom is the mate) and the captain's commission;

also, of course, her expenses for insurance, wear and tear of sails, rig-

ging, and hull.
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9. FINANCIAL PROFITS OF THE SNAPPER, FISHERY.

The scale of prices paid by the Pensacola dealers is as follows : 3£
cents per pound for red snappers of 8 pounds' weight and less. Fish

weighing more than 8 pounds bring- 25 cents each. As the average of

the latter is about 12 to 13 pounds, the price is, approximately, 2 cents

per pound. The average price is, therefore, about 3 cents per pound.

Taking this as a basis, we are ableto get some idea of the businessfrom

the following notes on the amount of fish taken by several vessels be-

longing to the fleet of Messrs. Warren & Co.:

The schooner Sarah L. Harding, in ten months during the year 1884,

caught 155,000 pounds of red snappers with a crew of six men. In De-

cember of the same year, with a crew of nine men, she landed 30,000

pounds of these fish.

The schooner John Pew in three and a half months, ending December

31, 1884, landed 110,000 pounds of snappers.

The schooner Clarence Barclay in six and a half months' fishing, in

1884, landed 110,000 pounds.

If a vessel gets 1,500 fish, weighing 7,500 to 10,000 pounds, each trip,

it is considered a good fare. This is often exceeded, however, by the

larger vessels now employed. While we were at Pensacola in the Al-

batross we learned of the arrival of two schooners, one of which had

3,500 snappers, and the other about 2,500.

The trips vary a great deal in length. A vessel may be fortunate

enough to get a good fare and return to port after an absence of no

more than two or three days. At another time she may be prevented

from fishing by rough weather for a week after sailing, and other things

may cause her to stay out two weeks. Even then she may be unfort-

unate enough not to find fish abundant, and may return to port with a

half fare.

The three last months of the year—October, November, and Decem-
ber—are the best for this fishery, since at this season a greater catch is

made than at any other time, and the demand is usually good. From
the middle of March to the middle of June comparatively little is done.

The fish can be caught in considerable quantities, but the demand drops

off a good deal after Lent. It is more than probable that the demand
for the red snapper is greatly influenced at this season by the many
kinds and enormous quantities of other fish, from sea, lake, and river,

that fill the markets of all the principal cities. Owing to this lack of

demand for fish, as well as to the difficulties attending their preserva-

tion in hot weather, the vessels generally haul up for two or three

mouths in summer.

10. HISTORY OF THE RED-SNAPPER FISHERY.

The fishery for red snappers began more than thirty years ago, ac-

cording to Mr. Bartholomew, a veteran fish-dealer of New Orleans, but

the date is not exactly known, because for many years after its incep-
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tion it was so limited, and carried on in such a desultory and primitive

manner, that little importance was attached to it as a fishery. Indeed,

it may fairly be said that the catching of snappers did not attain pro-

portions to entitle it to the distinction of a separate fishery until about

1870.

In regard to the discovery of the habitat of the species, the same au-

thority says that the snapper grounds were found in a somewhat acci-

dental manner. Sometimes, in going along the coast, the shore-seine

fishermen would find themselves becalmed in their sail-boats, and not

unfrequently they would drift several miles from the land. At such

times they would put out hand-lines to catch barracouda, kingfish, and

other varieties that are found near the land, in this region, during spri ug

aud summer. But occasionally the boat would drift over a school of

red snappers, which would bite eagerly, so that sometimes considerable

quantities were caught. At first the excitement and sport attending

the capture of the fish was probably more of an incentive for the fish-

ermen to take them than anything else, for it is said that comparative lj

little was then known, even by the coast population, of the food quali-

ties of the snapper, and a small quantity sufficed to supply the demand.

But the merits of the species came to be gradually known in the Gulf

States, where it steadily grew in favor, and the demand increased pro-

portionately, though it necessarily could not be large in a sparsely set-

tled region. Notwithstanding, however, that the red snapper came to

be highly prized in Southern markets, little or nothing was known of it

as a food-fish in the North and Northwest until after 1870. It is a some

what significant fact, as illustrating this point, that several years later

the snapper was described by Messrs. Goode & Bean as a species new

to science.

" In the year 1869 Mai John C. Ruse and S. C. Cobb, who had bought

out the stockholders of the citizens in the 'Ice Company,' preceded to

add to that business the catching and selling of the Gulf deep-water

fish. They bought the smack Gladiator, of 22 tons burden, and began

in a small and irregular way the sale of that famous fish, the red

snapper. Upon the death of Major Ruse, his interest was purchased

by A. F. Warren, aud so little was the business [of snapper fishing] valued,

owing to the rates of express to various points, that the ice com-

pany added a coal business in order to keep their men and teams em-

ployed the year round. Little by little concessions were obtained from

the express company until 187C, when L. H. Sellers became an active

stockholder. In the mean time the fish business grew so as to require

the catch of several Yankee smacks, who came into the Gulf during the

winter, and returned North in May."*

The formation in 1871 of the Pensacolalce Company, which included

the above-named parties, is an event worthy of note, since this firm

continued the fish business begun two years previously. For sonic

* Extract from article by S. C. Cobb, in Pensacola Commercial, December 10, 1884.
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lime, however, the supply of snappers was furnished chiefly by the

" Yankee smacks," for the company owned no tonnage. The schooner

J. W. Wherrin, the first smack bought at Pensacola expressly for

the snapper fishery, was purchased by the Pensacola Ice Company in

1879. The next year the smack Ripple was bought, and in 1881 the

schooner Man tic and steamer Millie Wales were added to the Heel con-

trolled by the company. With the exception of the Millie Wales, that

was recently burned, the company still owns the above-named vessels,

besides which two smacks from Stonington, Conn., are chartered by the

firm.

In the mean time, in 1880, Messrs.A. F. Warren and Silas Stearns,

who tor many years had been associated with the, Pensacola Ice Com-

pany, withdrew from it and organized a fishing firm under the name of

Warren & Co. This firm soon after began to purchase vessels, of

which it now owns five and charters one—the largest fishing fleet con-

trolled by any company at this port.

According to Cobb, "Messrs. Vesta and Mathews began in 1880, and

the Santa, Rosa Fish Company in 1882." The last of these has one vessel,

while the firm of E. E. Sanders & Co., which engaged in the business

in January, 1885, employs two smacks. Vesta and Mathews have no

tonnage, but buy fish from vessels or boats as they have opportunity.

The present status of the red-snapper fishery at Pensacola, so far as

the number of vessels and men employed, the catch and distribution of

fish, &c, is given elsewhere, and certainly shows a growth that is grat

i lying, and which would seem to indicate a material increase in the

future, when it may be reasonably supposed that the demand will have

become much greater for this species than it now is. In regard to the

general fisheries of Pensacola—of which that for the snapper forms the

chief part—Cobb says there are employed "constantly from one to two

hundred men; the product of their labor supports 1,000 of the city's

population, with a probability that it will equal in value the entire lum-

ber trade of the port in less than ten years." While this anticipation

may be criticised as too ambitious, it nevertheless shows what those in-

terested in the business have reason to hope for.

11. GENERAL CONSIDERATIONS.

In view of the fact that it is claimed by those who have had the hest

opportunities for observations that the red snapper is rapidly becom-

ing scarcer on the grounds where it is now taken, it seems eminently de-

sirable that Phe means for preventing this depletion should receive con

sideration. For, if it is true i hat a marked diminution has already taken

place, there is then reason to expect that it will continue with an ever

increasing ratio until the species is so much reduced that there will no

longer be any profit in fishing for it. That such an event will happen
we cannot say, but it is safe to assert that it would be a great misfort-

une if it did, for not only would an industry be broken up, but the conn-
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try at large would be the loser in being deprived of one of the finest <»t

our edible fishes. What then can be done to prevent this ? Only two
ways of preventing it occur to me now : first, the discovery of new fish-

ing grounds that may be worked while the old ones are recuperating;

and, second, the application of such aid as may be given by fish culture.

It is a matter of congratulation that the recent researches of the Al-

batross have demonstrated the important fact that there is a large area

of ground yet un worked off Tampa, and south of it, where the snapper

is seemingly more abundant than where it has formerly been sought.

This opens up a new field for work, and if it is entered on before the

old grounds are too much exhausted the latter may regain their former

richness; but if this is not done in time, there will be little chance for

them to recover. Of course, to go to these more distant grounds re-

quires more or less "change of base." Either the fish must be landed

at Tampa, or else swift-sailing vessels, of 45 to 50 tons, will have to be

employed, if the catch is to be taken to Pensacola. And in the latter

case it will probably be necessary to eviscerate the fish on board the ves-

sels before they are iced, which would no doubt make a great difference

in the time they could be kept in good condition. It is also possible

That some improvements might be made in the icehouses on board the

smacks, though experience has proved that comparatively little can be

done here.

As to the artificial propagation of the red snapper, it must be con-

fessed that so very little is known of its breeding habits at present

that it is impossible to say what may be done in this direction. We
do not yet even know the number of eggs it contains or whether they

float in the water or adhere to the bottom, though we might expect

that the former is the more probable.

It docs seem highly desirable, in view of existing circumstances,

that some capable person should have the opportunity of studying the

breeding habits of this species, since data could thus be obtained that

would be of the greatest importance should an emergency ever arise

when it may be necessary to propagate the snapper by artificial means.

B.

—

Pensacola inshore fisheries.

In Pensacola Bay, and on the outside beaches in its vicinity, a fishery

is carried on with open boats and seines for the species that can be

taken near the shores and in the bayous and lagoons, while there is an

oyster fishery in the bay, the product of which is marketed at the city.

1. THE MARKET SEINE FISHERY.

The seine fishery of Pensacola supplies the chief part of the fish used

in the city for a considerable portion of the year, besides producing

quantities that are shipped to other markets. Ten boats and fifty men

find employment in this fishery in winter, but double that number en-

gage in it from spring to fall.*

"Iain indebted to Mr. Rudolph Hernandez, who has followed the market fishery

for twenty years, lor many facts concerning this industry.
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The fishing grounds.

Pensacola Bay, as well as the shor^ bordering the Gulf in its vicinity,

is remarkable for the extent of sand beaches that may be utilized for

.seine hauls. It would be useless to attempt to particularize concerning

these, since there are such long stretches of good ground, that, perhaps,

it may be said that there are comparatively few places when; fishing

may not be prosecuted. Besides the beaches that border on the bay

and face the sea, there are good grounds for seining in the lagoons or

bayous, several of which extend inland from the bay. The largest of

these is the bayou that has its entrance near the ruins of Fort McRae,

on the western side of the harbor's mouth, and this is considered a

favorite fishing ground. As a rule the water is shallow tor a consider

aide distance from the beaches, and, therefore, the seines are made to

correspond, and are never deep
r
since the fish are hauled on the shore.

From April to October is the best season on the sea beach, where pom-

pano, blueiish, Spanish mackerel, sheep's-head, sea trout, lady fish (the

latter for bait for the red-snapper fishermen) are caught, besides

several other kiuds that are not marketable. Some of the latter arc

edible, though not in demand. During the same season fishing is car-

ried on in the bay, chiefly for mullet, trout, croakers, chopers or spot,

and pigfish, which are taken with several other varieties. hi the

spring and fall, when the lish are migrating along the coast, the best

fishing is found on the Gulf shore. In winter, seining is carried on in

the lagoons, where more or less fish are found at this season, and on the

shores of the bay. Most of the species caught in summer, in the bay,

are also taken in the winter, though many kinds ale less plentiful.

Apparatus.

Boats.—The seine-boats of Pensacola average about 20 feet long, 7

feet beam, and 2 to 2.T feet deep. They are carvel built, open boats,

with shallow keel, center-board, sharp bow, round bilge, long, low,

rather flat floor, short run (with skag), and deep, heart-shaped, vertical,

square stern, similar to the stern of an ordinary ship's yawl. At the

bow, some 5 or C inches below the gunwale, is a sort of. half deck or

platform, 3 feet long, and there is another crossing the stern about 18

inches long, fore and aft. On the latter the skipper of the boat stands

to throw out the seine, and also to " pole the boat," as the process of

guiding her with a pole is called. This method of controlling the move-

ments of the boat is preferable to any other in the shallow^ waters where

seining is done.

The frame is usually oak, the plank of juniper or cypress, and gal

vanized iron is used for fastening.

The majority of the boats are cat-rigged, carrying a- single large sprit-

sail, but a few have two sprit -sails. A boat costs abou'j $125.

Some of the boats, more particularly those used in winter', are ship's



300 REPORT OF COMMISSIONER OP PISH AND FISHERIES. [84]

yawls, that have been bought at a low price. They are rigged like the

others.

Each boat has a crew of five men who worli on shares, the proceeds

being divided into 0-A parts (if the skipper owns her), one share going

to each man, one to the seine, and one-half a share to the boat. If the

skipper does not own the boat, he gets one and a quarter shares, the

extra one-quarter share being given to him to keep the seine in repair,

and also for his care of the boat.

Seines.—The seines used at Pensacola are 75 fathoms long, when hung,

and 85 meshes deep, the size of the mesh being 2.j inches, stretch meas-

ure. Two sizes of twine are used in their construction—Nos. 12 and 16

—

the smaller size in the wings and the larger in the bunt. Each seine

has a large bunt bag 350 meshes in circumference at its mouth, and

tapering to a point, its general shape being that of a cone. The cork

rope and lead (or foot) line, to which the net is hung, are f-inch Russia

hemp bolt rope. The floats are " home-made," of white cedar or juniper

root. The leads on the foot line weigh 2 ounces each. Three of these

are on the foot line at the mouth of the bunt bag, and elsewhere they

are put 15 to 10 feet apart. A pole—locally called a "staff"—is bent

to each end of the seine, so as to keep the ends vertical in the water

and the foot line close to the bottom. The lower end of each of these

is weighted with or 7 pounds of lead, to make it keep upright and

"hug the ground."

The average seine will "fish" in 11 feel of water; that is, when set in

that depth its lower vdiie will sweep the bottom so that fish cannot es-

cape beneath it. Some of the seines taper at the wings, but others are

uniform in depth. Two hauling lines are used with the seine, one 16

and the other 2G fathoms long. In setting the seine the short line goes

out first, its end being left on shore when the boat shoves off, and the

longer, or "boat line," is bent to the other end of the seine, to run to

land after the net is out.

Nets.—It may be mentioned here that a tew trammel nets are used,

chiefly by Spaniards, for the capture of various species in the lagoons.

Methods of fishing.

There is no regular time for fishing. Some gangs work all night and

go to market in the morning, while others begin at daylight and leave

the beach for Pensacola about 2 or 3 o'clock in the afternoon.

The fish are generally seen before the seine is shot, and they an 1

usually moviug along the shore, particularly when migrating. A
boat goes along until a school is seen, when the net is put out to

inclose them in a half circle. If they are some distance from the

shore the seine lines are used, but otherwise it is set without them.

In the latter case one man jumps over, near the beach, with the end

of the seine, which he drags far enough in to intercept the progress

of (he approaching fish. In the mean time the boat shoots rapidly
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away, circling around the school, the skipper throwing over the seine,

the last end of which is soon landed. If this does not reach the shore,

some line may be inn out, but, more commonly, tile men jump over-

board into the shallow water and drag it in, part of them going to the

other end. One man is left in the boat, which he quickly shoves

aground, and then runs to join his companions and assist them in

landing the seine. All this work is performed in the most rapid man-

ner, for these Southern fish are exceedingly quick in their movements,

and no sooner do they find themselves obstructed in their onward
course than they dart about, seeking some opening to escape from,

and oftentimes they jump the cork-rope and regain their liberty. The
mullet is celebrated for the ease with which it will go over a coil; rope,

as well as for its general habit of jumping, which has earned for it

the appellation of "jumping mullet." The large bunt-pocket, which is

a characteristic of the seines used here, is very useful for preventing

the loss of fish, for, when frightened, they usually rush into this, as it

seemingly offers a chance to escape, and before they can correct their

mistake they are drawn to the shore. The catch is usually landed on

the beach ; such fish as are marketable are put in the boat, and the rest

are left to die or are thrown iu the water.

Disposition of the catch.

The fish taken by the Pensacola market boats are all sold fresh, some-

times by wholesale to dealers, who ship them to distant cities, and at

other times they are hawked about the streets. Formerly, there was a

police regulation by which the fishermen were prevented from hawking

their fish until after 7 a. m. Those arriving before that hour usually

engaged a stall at the market, where they exposed their fish for sale.

Prices, depending on supply and demand, fluctuate a great deal, and
there is even a greater diversity in the daily earnings, which vary from

a few cents to $5 per day for each man. The average year's work for a

man iu this fishery is estimated at $250.

2. SPRING AND FALL FISHERY AT THE EAST PASS.

At the East Pass of Santa Rosa Island a seine fishery is carried on in

spring and fall that may justly be included with the market fisheries of

Pensacola, since the catch goes to that city.

Capt. A. Destin was the pioneer of this fishery, which he began shortly

after the close of the war (1S(31-'G5). At first he salted his catch, and

this was continued until 1870, since which time the greater part of the

fish have been disposed of fresh to the dealers at Pensacola. The orig-

inator of this industry is now dead, but the business is still carried on

by his family, who employ two or three boats and make an average

yearly stock of about $3,000.

Messrs. Warren & Co. have established a camp at the Pass, and dur-
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ing the " run" of fish in spring and fall have one boat and a seine gang
employed here.

Fishing is done wholly with drag-seines, in tin; manner already de-

scribed, with the single exception that a man goes along the beach to

watch for approaching schools of fish, whose presence he signals to his

companions in the boat. This enables the lishermen to be prepared in

time, and, if desirable, they can lay out the shore-end of their seine so

that they have only about one-half of it to shoot after the fish come
witliiu its radius.

The fall fishing continues from October 1 to January 1, and the spring-

fishery from March 1 to June 1. At the latter date the weather gets

too warm to keep the fish in good condition Years ago the fishery for

poinpano was discontinued in April, as soon as the fish had spawned,

but now they are in high demand at a much later date, and, as a matter

of fact, are said to bring higher prices than in the fall. The fish caught

at the East Pass that are most valued for (bod are the pompano, Span-

ish mackerel, bluetish and sheepshead. Many other kinds, of less value,

are also taken.
3. POUND FISHING.

Although the attempts to use fish pounds at Pensacola have so far

resulted only in failure, it is worthy of note that this form of apparatus

has been tried in these waters.

In L881 Mr. Stearns built a pound at Pensacola Bay, but it proved

unsuccessful, owing to the great numbers of large predaceous fish which

destroyed the netting. Another pound was tried in 1884, at Grassy

Cove, Santa Rosa Island, but met with a similar fate, being torn to

pieces by tarpum.
4. OYSTER FISHERY.

The Pensacola oyster fishery is not a, specially important industry.

A tew boats find employment in tonging oysters in winter, and in sum

mer some of them engage in the red-snapper fishery, taking one or two

tons of ice and going to the grounds nearest the land.

Some of the boats, Mr. Warren tells me, are of a nondescript form,

having been improvised from ship's yawls, while a few are small decked

sloops ami schooners ranging in size from three to five tons. Both of

these types, which we have mentioned, are round bottomed, square

sterned, keel craft, but they vary a good deal in form and general ap-

pearance.

The typical oyster-boat is, however, of a very different kind. It is

made on the sharpie pattern, is flat bottomed, wide and shallow, carvel

built, with sharp bow, wide, square stern, and carries a center-board.

It is roughly built, has considerable camber to the bottom, especially

aft, ami is provided with a skag and stern-post. It has a half deck for-

ward, and a deck 3 to 1 feet long at the stem, while wash-boards extend

along the sides. It is generally built wholly of yellow pine, but red-
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cedar frames are sometimes used. According to Stearns, both tiie cat-

rig- and and sloop-rig is in vogue, in either case a boom and gaif main-

sail being carried. The size ranges from 21 to 2(3 feet in length, and 7

to 8 feet in width. Two men constitute a crew. They usually content

themselves with making one trip each week, and consider five to twelve

barrels of oysters a fair take.

0.

—

Fisheries of Saint Andrew's and Saint Joseph.

The shore seine fishery is the only one prosecuted from these harbors.

There has not yet been any hook and-liue fishing, and the abundance

of sharks, saw-fish, and tarpum, or silver-fish, would make it difficult,

if not impossible, to profitably employ gill-nets or pounds.

The seine fishery is prosecuted chiefly in the spring and fall, when
various kinds of fish are migrating along the coast. At this time, for

a few weeks or months, as the case may be, the business reaches quite

important proportions, 25 boats and 150 men being employed from Saint

Andrew's, and 3 boats and 18 men from Saint Joseph. A few of these

men may, perhaps, do more or less fishing throughout the year, depend-

ing on it chiefly for a livelihood, but nearly all are farmers, whose prin-

cipal dependence is on agricultural pursuits, but who thus utilize tbe

time, in autumn, that cannot be turned to profitable account on their

farms. Having harvested their crops, they leave their homes, which

are often some distance inland, and go to the coast to gather the har-

vest of the seas. The majority of the scattered coast population are

also farmers, to a greater or less extent, though many of these tish in

spring as well as fall, and probably derive the chief part of their income

from the sea.

1. fishing grounds.

The sandy beaches which stretch along the Gulf coast, and are nu-

merous in the harbors and bays of this region, afford abundant oppor-

tunity for hauling seines, and these constitute the fishing grounds.

Mr. N. W. Pitts, of Saint Joseph, tells me that pompano, Spanish

mackerel, bluefish, sheepshead, mullet, sea trout, redfish, and a f<-\\

other less important species are taken on these grounds. There are also

many kinds that are not marketable taken in the seines, these being

called " sorry fish" or "waste fish." '

Pompano are caught in the greatest numbers in May and J nne. Some-

times they are fairly abundant in April, and occasionally a few are

taken in March.

Spanish mackerel and bluefish are caught in spring from A.pril 1 to

June 1, and in fall from October 1 to December 1. Sometimes (he Span-

ish mackerel are caught in schools by themselves, but ipore frequently

they are mixed with other species.

Sheepshead are also taken in the spring a»nd fall, but are seldom seen

schooling by themselves. Mr. Pitts says ^< they are a fish tli-at run with

others."
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Mullet are caught from October 1 to December. At this season tney

go in schools along the shore, and are seldom fished for in a greater

depth than G feet.

Sea trout are taken with other fish, in spring and fall.

Redfish are also caught in limited numbers, mixed in with other

kinds. They are in little demand^and are never fished for as a specialty.

It may be stated that the capture of mullet is the principal fishery

in the fall, and the other species taken at that time arc usually caught

with the mullet. It would appear from the statements of the fishermen,

and from my own observations, that the food-fish on this coast have a

habit of "running" together that is seldom seen in Northern waters
;

therefore, not only may the same locality be a fishing ground where

many species can be taken, but a dozen kinds may be caught in one

haul of the seine..

2. APPARATUS AND METHODS OF FISHING.

Boats.—The boats used for seining at Saint Joseph are of the sharpy

type, and locally called "skiffs." According to Mr. Pitts, they are

long, narrow, and deeper in proportion than this style of flat bottomed

craft is usually made, being 21 to 25 feet long, 3 to 5 feet wide, and 18

to 20 inches deep. They have a rather narrow stern, across which, on

top of the gunwale, is a platform, 5 feet square, for the seiue to lay on.

There are four thwarts for the rowers to sit on. Sails are seldom used.

The boats are rather roughly built, by the fishermen themselves, red

cedar being used for frames, yellow pine for plank, and galvanized iron

nails for fastening. Six men constitute a crew for one of these boats,

and they are called a seine gang.

Seines.—The average length of a seine is 115 fathoms. For one-half

its length, in the center or bunt, it has a uniform (V of 11 feet,

when hung, but from this it tapers to 4 feet at the extreme end of the

wings. The bunt-pocket is 20 feet long, its moutyi made square, each

side having 100 meshes, which is the depth of the seine in its bunt-

The mesh is 2-.J
inches, stretch measure. Cork floats and lead sinkers

are used on these seines.

Methods of fishing.—The methods of seining are essentially the same

at Saint Andrew's and Saint Joseph as at Pensacola, the only difference

being that no end ropes are used at the former places, the men always

jumping into the water to drag ashore the wings of the seine if they do

not reach the land.
. 3. CARE OF THE FISH.

The early-caught fish are often marketed fresh, but with this excep

tion they are salted, and packed iu " Boston barrels," that are obtained

from Pensacola, to which port they are shipped from the North. About

a bushel of salt is required for a barrel of fish.

The above applies more particularly to the fish taken at Saint Joseph.

Many of those caught at Saint Andrew's, as stated elsewhere, are dis-

posed of to the local country trade.
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4. DISPOSITION OF THE CATCH.

Mr. Pitt says that the fish taken at Saint Joseph, both fresh and salt,

are sold chielly to Pensacola parties, and he gives the following list of

prices, per barrel, of 200 pounds of salt fish: Mullet, $5 ; Spanish mack-
erel, $8; pompano, $10; sheepshead, $5; redfish, $3. The above are

the prices paid on the spot where the fish are taken, by the firms, who
usually send a schooner down along the coast to purchase the catch of

the seiners. Bluefish are not salted, and redfish are in very little de-

mand when cured in this way. Mr. Pitt says he u sold a few of the lat-

ter on one occasion, but that it was a mighty sorry sale."

Mullet are most highly esteemed when they are filled with roe, but

they are often so abundant along the coast that the supply far exceeds

the demand. And when they are in this condition they can be caught
more asily than at other times, for they cannot jump over a cork rope

and t ^ape so readily as they generally do.

With an increasing population in the country the demand for these

coast fish must necessarily grow to large proportions. And there seems

reason to believe that the fishery may be extended and increased to

meet this demand until it becomes a very important industry.

Many of the farmer-fishermen improve the opportunity they have in

the fall to supply themselves with fish to last for many months, if not

for the year, while a considerable percentage of the fish they sell are

disposed of to the country trade
;
probably, in most cases, to their im-

mediate friends and neighbors.

5. FINANCIAL PROFITS AND LAY.

An average stock for a seine gang for three months in the fall is esti-

mated at t*x V Some of the crews are hired, receiving $12 to $20 per

mouth and ttieir board. Others go on shares ; the proceeds of the sales

are divided into seven equal parts, of which the boat and seine together

take one, and each man one.

S. Mis. 70 20
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XV -EXTRACTS FROM THE NORWEGIAN FISHERY STATISTICS
FOR 1884.*

By Boye Strom.

The cod fisheries.—In 1884 these yielded 50,435,500 codfish, 99,636

hectoliters of liver, and 47,765 hectoliters of roe, having a total value—in-

cluding fish-heads sold—of $4,163,732.6S.t The average price of 100

round cod (containing liver and roe) was $8.25.

For the sake of comparison we give below the statistics of the Nor-

wegian cod fisheries for the five years preceding 1884

:

Tears.
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eries, and that these fisheries would gradually cense on the coast of Nor-

way, where for a long number of years they had always—though vary-

ing a good deal—been more or less successful. In 1884, however, these

fisheries had again reached their average yield, namely, about 10,000,000

fish, against 3,500,000 in 1883, 7,200,000 in 1882, 12,800,000 in 1881,

23,600.000 in 1880, and 19,300,000 in 1879.

The Lofoden fisheries, which in 1883 had the smallest yield since 1871,

were not much more successful in 1884. In the Lofoden district proper,

and during the fishing season, 17,000,000 codfish were caught—about
the same quantity as in 18S3. If we add to this the number of fish

caught after April 14, and the fish caught near the outer group of

islands (in all, 6,354,000 fish), the total yield of these fisheries is brought
up to 23,354,000. During the five years preceding 1884 the total num-
ber of codfish caught near the Lofoden Islands and the outer group of

islands (Vesteraaleu) was as follows:
Number.

1879 33,201,000
1880." 31,312,000

1881 34,931,000

1882.. 32,931,0(10

1883 22,088,000

The Romsdal fisheries in 1884 yielded the following quantities:

Number.

Sondmore 2,755,400

Romsdal 788,100

Nordmore 3,253,000

Total 0,796,500

During the five years preceding 1SS4 the fisheries in these districts

yielded:

Tears.
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years, when one counts on getting one hectoliter of liver from about

350 fish ; but the difference between 1883 and 1882 was very consider-

able. Taking all the cod fisheries together, it took, in 1882, 753 fish, and

in 1883 even 868 fish to yield one hectoliter of liver; while in 1884

50,435,500 codfish yielded 99,636 hectoliters of liver; it therefore took

on an average 506 codfish to make one hectoliter of liver.

As regards the prices paid at the fishing stations, we refer to the

statement gives: below, which shows the average prices of the products

of the cod fisheries in 1884, as compared with previous years

:

Cleaned cod, per 100
Liver, per hectoliter
Roe, per hectoliter .

Fish-Beads, per 100 .

Kound cod, per 100 .

.

1884.
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The sprat and, oilier small-herring fisheries.—The total quantity of

sprats and other small herring caught in 1884 was 157,471 hectoliters,

which, calculated at the average price of about 50 cents per hectofctor,

would make the total value of these fisheries .$78,005.74.

During the period from 1870 to 1883 these fisheries produced the fol-

lowing :

Years.
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Dining the period from 1871) to 1883 these fisheries yielded the fol-

lowing:

:

Years.
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The Storeggen Banlc fisheries.—These were carried on by 25 vessels

with a crew of 308 men. The fish caught (principally ling and torsk)

had a total value of $28,050.38.

The statistics of these fisheries for the period from 1879 to 1883 were
as follows

:

Years.

1879
1880
1881
1882
1883

Number
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Total value of Norwegian salt-water fisheries in 1884.

Coast fisheries $6,5:55,488 45
Bank fisheries 28,05b' :S8

Shark fisheries 23,732 20
Other Polar Sea fisheries 80,145 40
Whale fisheries 255,(518 40
Seal fisheries 300,592 00
Bottle-nose fisheries __ • 38,592 00

Total 7,268,224 8:5

The following twelve tables give more full details iu regard to the

coast fisheries iu 1884:

Table I.

—

Number offishermen engagedin the cod,fat-herring, and mackerelfisheries in 1884.

Districts.
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Table II.

—

Value of the coast fisheries in 1884*—Continued.

[8J

Districts.

Smaalenene
Akershus
Buskerud
Jarlsberg and Laurvig
Bratsberg
Nedenaes
Lister and Mandal
Sta\ anger
South Bergenhus
North Bergenhus
Komsdal
Smith Trondhjem
North Trondhjem
Nordland
Tromsoe
Fiuuiark

Total

Summer
fisheries for
cod, ling, &c,

$4, 905
2, 018
4,824

20, 634
7,855
6,101

11, 331
8,790

10, 783
7,464

20, 081
53, COO
15, 817

147, 722
60, 439

394, 536

776, 960

Salmon-
trout and
sea-trout.

132, 708

Lobsters.

$6, 486
21
54

9,041
2,057

10, 721
30, 788
36, 656
10, 554
4, 309
1, 235

Oysters.

$322
10
80
598

54
50

101
115
576
32
54

Total.

$91,617
7,935
9, 237

103, 789
37, 287
59, 079

145, 6(16

278, 029
116, 114

32, 950
094, 071
282, 102
65, 998

2, 758, 557
344,018

1,509,099

0, 535, 488

* Tho figures in this table are given in oven dollars.

Table III.

—

Details of the cod fisheries in 1884, showing the number offishermen and boats.
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Taulk V.

—

Value of the cod fisheries in 1884 and the aveivige prices paid.

121

Districts.

Stavanger
South Bergonhus.
North Bergenhus
Romsdal
Smith Trondhjem
North Trondhjem
Nordland
Tromsoe
Finmark

Total

Value of the different products.

Fish without
liver and roe.

$1, 238 1G
363 41

1,447 20
419,096 26
105. 220 28
27, 319 92

1, 577, 627 50
75, 792 54

880,037 48

3, 094, 142 81

Liver.

44,

11,

274]

12,

200,

$227 80
54 67

159 46
833 18
534 72
965 69
807 20
996 60
529 65

554, 109 03

Roe.

$214 40
48 24
188 14

88, 120 54
21, 976 00
3,210 00

313, 570 88
9,254 31
4,419 05

441, 013 50

Fish-heads
sold.

$58 96
16 OS

15,092 09
3, 816 32

214 40
40,762 80

217 08
14, 288 95

74, 467 28

Total value.

$1, 739 32
482 40

1,794 8(1

567, 142 07
142, 547 32
33,710 01

2, 206, 774 44
98, 200 59

1,111,275 13

4, 163, 732 68

Districts.

Average prices.

Without
liver and roe,

per 100.

Liver, per
hectoliter.

Roe, per
hectoliter.

Fish-heads,
per 100.

Estimated
price per 100,

with liver,

roe, aod
heads.

St avanger
Soul h Bergenhus
North Bergenhus
Romsdal
South Trondhjem
North Trondhjem. ...

Nordland
Tromsoo
Finmark

General average

$5 63
6 06
7 24
6 17
5 96
6 35
6 53
6 10
5 54

$4 56
4 56
4 56
4 89
4 06
5 32
6 53
4 79
4 90

$4 66
4 82
4 82
9 24
7 32
8 04
9 62
6 60
6 13

13 5 56 9 23

$7 91

8 04
8 97
8 35
8 07
7 84
9 13
7 91
6 95

8 25

Tablk VI.

—

Details of the fat-herring fisheries in 1884.

NUMBER OF FISHERMEN, BOATS, AND SEINES.

Districts.

Stavanger
South Bergenhus.
North Bergenhus
Romsdal
South Trondhjem.
North Trondhjem
Nordland
Tromsoe
Finmark

Total

Fishermen.

50
450
993

1,651
3,099
407

10, 554
6, 520

100

23, 824

Men using
nets.

36
630
220

6,234
5,872

100

13, 222

Men using
seines.

10
300
993

1,615
2, 469

187
4,320

048

10, 602

Net-boats.

18
235
100

2, 235
2,171

50

4,879

Seines.

I

34
61

104
150
12

310
58

QUANTITY, VALUE, AND AVERAGE PRICE.

Districts.

Stavanger
South Bergenhus .

.

North Bergenhus .

Romsdal
South Trondhjem .

North Trondhjem

.

Nordland
Tromsoo
Finmark

Total.

S. Mis. 70 -Jl

Quantity.

Hectoliters.

17, 790
1,020

28, 100
46,780
3,500

147, 380

99, 450
70

344, 090

Caught with
nets.

Hectoliters.

10, 000

150
2,050

700
98, 150

52, 588
70

103, 708

Caught with
seines.

Hectoliters.

7,790
1,020

27, 950
44,730
2,800

49, 230
40, 802

180, 382

Value.

$28, 602 30
2, 248 52

24, 372 99
52,463 68
5,22fi 00

396,410 06

175,471 39
281 40

685, 070 34

Average
price per
hectoliter.

$1 61
2 20

87
1 12
1 49
2 09
1 70
4 02

1 99
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Table VII.

—

Details of the mackerel fisheries in 1884.

Districts.
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Table X.

—

Details of the salmon-trout and sea-trout fisheries in 1884.

Districts. Quantity. Value.
Average
price

per pound.

Smaaleneno
Akershus
Buskorud
Jarlsberg and Laurvl
Bratsberg
Nedenses
Lister aud Mandal ...

Stavanger
South Bergenhus
North Bergenhus
Komsdal ,

South Trondhjem —
North Trondhjem—
Nordland
Tromsoe
Finmark ,

Total

Pounds.
8,426
7,319

17, 593
25, 009
8, 267

36, 729
178, 903
96, 072
63, 656
69, 315
80, 181

276, 554
107, 6C0
63, 168
33, 245
10, 692

$1, 555

1,421
3,092
4,585
1,577
4,884

23, 826
12, 744

7, 957

8, 955
8, 824

32, 835
11,206
5,826
2,550

862

L9

19

18

18
19

13

13

13

13
13

11

12
10

09
08
08

1, 082, 789 132, 707 97

Table XI.

—

Details of the looster fisheries in 1884.

Districts.

Smaalenene
Akershus
Buskerud
Jarlsberg and Laurvig
Bratsberg ,

Nedenass
Lister and Mandal
Stavanger
South Bergenhus
North Bergenhus
Komsdal

Total





XVI -THE 'MANUFACTURE OF KLIP-FISH.*

When the Scotch, Icelandic, or Newfoundland method is spoken of,

this does not imply that the greater or less excellence of the klip-fish de

pends principally on the method according to which it is manufactured.

There are only two methods, viz., dry-salting and salting in brine.

The various other so-called methods are simply variations caused by

climatic and other differences; and what suits in one country may not

suit in another. The main point is, that the method, no matter whether

it is Norwegian, Scotch, or Icelandic, should be followed carefully in all

its details. Without carefully and thoroughly treating the fish during

all the different stages of its manufacture, no first-class article will ever

be produced. Careful treatment is the fundamental principle of every

kind of manufacture of all kinds of fish products, no matter what method

is employed. We cannot state this with too great emphasis, and we
shall refer to it again and again in our articles on the manufacture of

various fish products.

Air, water, and heat are the necessary conditions of decay. If one of

these is wanting or only exists partially, there will be no decay. Thus,

articles of food will not decay in cans from which the air has been re-

moved, or in a certain temperature; and ice and hermetically sealed cans

are used for preserving articles of food in good condition for a long time.

Dried meat and fish will also keep for years, as long as the quantity of

water contained in them is not increased above a very small amount.

When salting and drying are* employed as means of preserving fish, the

principal object is to diminish the quantity of water in the fish. In man-

ufacturing klip-fish this object is reached in three ways, by applying

salt, by drying in the air, and by pressing. The object in view could

be reached by each one of these ways. If, for instance, fish are salted

several times at certain stated periods they will finally become as hard

and dry as klip-fish. By drying fish in the air the same end is reached,

and even by mere pressing an article will be obtained which, though in-

sipid, will keep well. The salting process, however, has also another

effect, as the salt" prevents the development of the germs of decay, and

by entering all the textures which were formerly filled with moisture,

fills all the pores and small apertures, thus preventing the air from en-

tering.

* " TilvirJcning af MipfisJc." From Norsk Fislceritidende, Vol. Ill, Bergen, January and

April, 1884. Translated from the Danish by Herman Jacobson and Tarleton II.

Hf.an.

[11
3S5
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Codfish contains: Fresh, 81.98 per cent water, 1.44 per cent salts;

salted, 49.72 per cent water, 20.53 per cent salts ; dried, 16.16 per cent

water, 1.56 per cent salts. As has been stated above, three different

means are employed in the manufacture of klip-fish to diminish the quan-

tity of water. A well-prepared boneless klip*-fish contains 36.82 per

cent water, and 15.5 per cent common salt. Some of the water con-

tained in the fresh fish is extracted by means of the salt, which reduces

the percentage of water from 81.98 to 49.72, and some is extracted by
applying air and by pressing the fish, which also serves to extract some
of the salt. A codfish weighing 3 kilograms [6£ pounds] which, wben
fresh, contains 2.459 kilograms of water, will as klip-fish contain a lit

tie less than 0.4 kilogram, more than 2 kilograms having been extracted

by the manufacturing process. Its weight will therefore be about 1

kilogram, of which there are

—

Grams.

Mostly nutritive substances 477

Salt 155

Water 368

The three means referred to for extracting water from the fish are

employed to a different extent, some people using more salt, others

drying the fish more, while others press them more, according to the

varying conditions of climate. In Canada, where the air is warm and

dry, pressing is little used, and this principally to give the fish a smooth

appearance and also to subject it to a sort of fermenting process, while

in countries which have a cooler and moister climate pressing forms an

essential part of the manufacturing process. If the fish are to lie in

salt for a short time only, more and finer* salt is used than if they are

to remain in salt for a long time. To what degree the water is to be

extracted depends also on the length of time in which it is presumed

the fish will be used up. Here, as in all manufacturing processes, it will

prove true that the preserving is done at the expense of the flavor and

partly of the nutritive value. If fish are brought into the market which

are not quite dry, this can only be called a rational manner of carrying

on the fish trade, if it is supposed that the fish will be consumed in a

short time. This is profitable both for the buyer and for the seller, as the

former gets a better article and the latter a better weight and a decrease

in expenditure. But how many of our fish are sold as fresh goods?

Nearly the entire quantity of manufactured fish which we produce

must, on account of the fishing seasou and climatic conditions, be manu-

factured in a comparatively short time, and the exports, which remain

very nearly the same all the year round, must foi a considerable part

of the year be made from the stock of fish on hand. We are in this

respect not situated so favorably as our competitors who manufacture

* In case they remain in salt only as long as is necessary. If the fish arc to be

kept for any length of time, more and coarser salt is used.
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their fish gradually after the fish have remained in salt the necessary

length of time. During the period from 1S7G to 1883 we exported on

an average from June to December, inclusive, 57 per cent of the entire

quantity of fish manufactured during the year, and from January to

May, inclusive, 43 per cent. During that period, therefore, almost one-

half of the entire quantity of fish had been kept in the warehouse six

months and longer. It is therefore a great mistake to carry on the

manufacture on a large scale exclusively with the view to sell fresh

goods. Furthermore, if we take into consideration the fact that the

fish are going to be transported a considerable distance, many of them

to warm countries, and in many cases at the warmest season of the

year, the principal object should be to manufacture an article which will

keep well.

The value of a klip-fish depends on its looks and whether it will keep.

These two conditions, however, need not always be found together. A
fish which does not look well may keep well, while a fine appearance is not

always an indication that a fish will keep well. In manufacturing fish

for the world's market, both these objects should be kept in view. The
possible advantages which, owing to a fortunate combination of circum-

stances, may be obtained by paying less attention to the production of

an article which will keep well are very small if compared with the loss

occasioned by the spoiling of the goods while kept in the warehouse.

Taking the raw material, the salt, and the expense of fitting out the

fishing expeditions as the normal value of the fish, the difference in the

expense for labor or the difference in weight occasioned by more or less

careful drying is small in comparison with the risk.* In giving, in the

following, the leading principles in the manufacture of klip fish we would

state that these principles have referenee both to the production of a line-

looking article and of one which will keep well, and that we shall treat

them without regard to the time when, the place where, and the manner
in which the producer disposes of his goods.

The raw material.—Difference of size and fleshiness have a con-

siderable influence on the value of the fish, but as this is principally

owing to the sorting we shall not dwell on it here. The first condition

for obtaining a first-class article is, therefore, that the raw material

should be fresh. The circumstances under which our fisheries take

place, namely, the winter season, and the use of more nets than in other

countries, make it necessary that also old fish should be used for klip-

fish. Klip-fish manufactured from old fish are of much lighter weight,

and have a darker color than those made of fresh fish ; the flesh becomes

broken and loose, especially near the backbone, the skin becomes loose

in some places, the bones turn red, the abdomen also turns red and be-

comes thin, and gets dark stripes, occasioned by the oil which is soon

secreted from the liver. The longer the fish has been allowed to lie,

*Tbi.s risk is with us generally run by 1 Ik- exporters; and it therefore seems all the

more strange that they do not make a greater difference in price.
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the more noticeable will these defects become. As regards line fisheries

it is not of so much consequence whether the fish are allowed to lie for

awhile, as in the net fisheries.

If complaints have been made abroad as regards the Norwegian fish,

the cause must be sought principally in the condition of the raw ma-

terial 5 for our cod fisheries are principally carried on during the severest

season of the year, and to a great extent in waters which are without

any shelter. Moreover we use nets to a great extent, while this ap-

paratus is comparatively unknown in the cod fisheries of other nations.

Even lines are but little used outside of Scotland and the French fish-

eries on the Newfoundland Banks; and consequently there will always

be found more old fish among the Norwegian codfish than among those

of other nations. If the complaints have become more numerous during

the last few years, this is owing to the greater development of this in-

dustry, as a larger quantity of the fish caught are made into klip-fish

than was the case in former years. The following were the exports of

klip-fish during the periods named :

Table of exports.

Periods.
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protection to the fish. Every fishing boat should be well supplied with

tarpaulin, which may prove useful in many respects.*

The next thing in order is to kill the fish in such a manner as to al-

low the blood to run out, which makes it whiter. Although this man-

ner of killing the fish is acknowledged to increase the value of the ar-

ticle, it is by no means as general as it should be. As far as we know,

it is in vogue only among the French and Scotch, and among the Ice-

landers when fishing is carried on from a vessel. Wherever it can be

done, this method should be employed. No time is lost thereby, as it

can be done while the line is run out. It requires, of course, a little more
labor, and fish killed in this way ought therefore to bring a higher

price. On board the vessel fish killed in this manner ought to be salted

by themselves, as the quantity will never be very large. In this man-
ner a considerable portion of the cod from our large cod fisheries could

be prepared, and become fully equal to the Iceland fish. The extra

price of 1 ore [about J cent] per fish, which of late years has been paid

for fish killed in this manner, gives a little additional money to the

fishermen, amounting to about 10 crowns [$2.G8] per thousand. This

is the average earning per fisherman during the Loffoden fisheries, and
an addition of 10 crowns should therefore not be despised.

A principal condition for obtaining a first class article is, that the

fish should be washed before it is put in salt. The Norwegians are the

only nation who do not wash their fish. All other nations wash their

fish with the greatest care, and even use for this purpose special brushes

or rags. The washing had best be done after the fish has been split, in

tubs filled with sea-water which should frequently be changed. Special

care should be taken to clean the neck, the portion under the dorsal fins

where much slime is apt to accumulate, and the lower part of the back-

bone. All blood should be carefully removed, which is best done by a

pressure of the thumb. During the washing the black skin is removed.

After the fish has been washed, it should be allowed to lie for awhile, so

that the water may run off.

In former times washing was common in Norway, as may be seen

from a decree of September 12, 1753, where it says that the thin black

skin shall be removed from all fish which are to be salted while they

are fresh, imposing a fine on every one who should violate this rule.

During the last two years attempts have been made to wash the fish

during the winter fisheries. If these attempts have not been accom-

panied by the expected result, the reason must besought in the circum-

stance that they were conducted on too small a scale. In manufacturing

klip-fish, so many different things have to be taken into account that

no conclusions can be drawn from a few experiments. The experiments

* It may bo used to protect the crew both in the boat and. on shore. With the boat

fastened by the painter or by a hauling-line to the yard and sail, in whose sheets

suitable weights are placed, depending from it, the crew, when bnddled together un-

der a tarpaulin, will be as comfortable as in a little room.
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made last year have shown, however, that washing' produces an article

distinguished by its extraordinary whiteness, which can only be ac-

counted for as a consequence of the washing. Another proof of the

advantages of this process is furnished by the frozen fish, which is dis-

tinguished from other fish by its whiteness, which is owing simply to

the cleaning process which it has undergone in freezing.

It is not probable that washing the fish should have an injurious in-

fluence j for, as we stated above, the Norwegians are the only people

who do not wash their fish. The older the fish, all the more necessary

it is that it should be washed. The washing of fish, which have been

allowed to wait very long, should however be done cautiously, as such

fish do not stand much handling. Fish which have been washed should,

if only a limited number are washed, bo salted by themselves. If the

Sondmore manufacturers have, as they think, made the discovery that

washing decreases the weight of the fish, they certainly cannot furnish

any plausible .reason for their assertion. We can understand, how-

ever, in what way this idea has originated. As far as we know, only

those fish are washed which are brought in by vessels having a deck

(which therefore go farther out to sea than mere fishing boats), and it'

klip-fish manufactured from the fish brought by those vessels weighs

less, the simple reason is that it is from 2 to 8 days older, and therefore

more shrunk. Common sense also tells us that the time when the

fish, during the washing process, comes in contact with water, is too

short to exercise any influence on the substances which are soluble in

cold water, and that any possible influence of the washing is fully coun-

teracted by the appliance of brine. The only loss of weight which can

possibly be occasioned by the washing is the loss of the dirt and slime

which is thereby removed. We have often seen fishermen, probably

acting on this economical principle, drag fish along the fields through

which they were passing, so as to increase the weight of the fish by an

addition of dirt. But the advantage which is thought to be obtained

thereby is purely imaginary, for all this dirt is, as far as the dried fish

are concerned, for the greater part removed by the rain, and as far as

klip-fish is concerned, by the cleaning; what remains will rather occasion

loss, as it is apt to spoil the appearance of the fish.

As regards the extra labor occasioned by the washing, the fishermen

who made experiments in this respect in 1882 declared that if the fish-

eries are not extraordinarily large, washing can be done without enga-

ging an extra force of laborers, and that the most practical apparatus

for the purpose consisted simply in a pump fastened to the outside of

the vessel, tubs, woolen rags, and perforated benches, to allow the water

to run off. When there is frost, the fish should, as soon as washed, be

put in the hold of the vessel, and there be laid on benches so the water

can run off.

Frozen etstt.— In cold weather the fish either reach the shore in a

frozen condition, or freeze while they are laid aside to be split. If the
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lisli are split while frozen, they turn dark and furnish an inferior article.

One should therefore hang the fish in the water outside the vessel in a

net, but not let them stay in the water any longer than is necessary.

As a general rule one or two hours will suffice. In a manual for pre-

paring salt-water fish, published in 1839 by the department of finance,

commerce, and customs, it is recommended to let the fish freeze in a

tub containing brine. If the fish are fresh, such freezing will not hurt

them ; but if old—even two days only—their flesh becomes loose and

breaks, and only an inferior article is obtained. In cold weather fish

should not be salted under the open sky ; for if they are put in salt

when in a frozen condition they will not make a first-class article.

Prices.—The raw material may be of greatly differing value, and re-

gard should be had to this circumstance in buying and treating fish, by

sorting the fish from the very outset as carefully as the given space

will allow. The. advantage of doing so will appear both in drying and

selling the fish. We also deem it our duty to call attention to a mistake

very commonly made in fixing the prices; in buying the fish too much
regard is paid to temporary circumstances, so that fish are bought at

prices which are unreasonably. It should be remembered that all cod

fisheries close in October, and that none of them begin before May,

with the exception of the Norwegian and Iceland fisheries,* so that the

fish which we catch during winter have to compete with those of future

fisheries of other nations. It should further be remembered, that of the

100 million kilograms (in round figures) of klip-fish which are annually

brought into the European market, not one-half, and of the 200 million

kilograms which are brought into the world's market, not one-fourth

conies from Norway. And of this comparatively small portion onty

about one-half comes from the Loffoden fisheries. The only rational

basis for fixing the prices must be found in our own fisheries, and in a

comparison with the development which the fisheries have reached in

other countries. The safest guide in this respect is statistics, even if

they should be of somewhat ancient date. The study of the fishery

statistics is therefore essential for a rational fish trade. It is quite nat-

ural that the exporters in giving orders relative to the buying of fresh

fish to their own agents, have regard to possible combinations in the

near future, partly because their order will be small compared with the

entire quantity of fish in the market and partly because they can get

their own fish into the market before new fish from other countries can

reach it. They can, therefore, pay higher prices when it is their in-

terest to obtain a certain given portion. But for other buyers there is

no reason to " follow the prices," as it is called. The klip-fish prices of

the preceding year exercise a considerable influence on the buying of

fresh fish, although less than in former times, owing to the introduction

* And also the Faroe fisheries, which, however, arc but small. In winters when there

is not, much ice, there are some fisheries on the south coast of Newfoundland, and also

near the Shetland Islands.
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of the telegraph. But this is not a sound basis either ; for the prices at

which fish sell will principally depend on the result of fisheries which
do not begin until our fisheries have come to a close, and regarding

which the telegraph keeps the dealers posted. The fish trade will al-

ways be more or less of an uncertain business, whose results it will be
difficult to predict. There is all the more reason, then, why circum-

stances which are of but little importance, but which may exert a hurt-

ful influence, should not be allowed to enter into the calculation.

Splitting.—The splitting should be done carefully, so as not to

damage the fish. .Old fish especially should be treated with the great-

est care, and not be thrown about as is so often done. The knives

should be sharp and be run close to the backbone, so as not to cut off

any of the flesh. Along that part of the backbone which is to remain,

the point of the knife should not enter deeper than to run along the

upper edge of the vertebras, as otherwise the fish is split open too

much during the pressing. The backbone is cut off at least three links

below the sexual aperture in an oblique direction, so as to cut across

2 or 3 links. The cutting of the backbone must be done very carefully,

so as not to injure the string which runs Along its upper edge, as this

is to remain in the fish. The portion of the backbone which is to come
off, is torn out.

Salting.—This may be done either in boxes, the so-called dry-salt-

ing, or iu tubs, the so-called brine-salting. The latter method was gen-

erally employed during the last century, and fish were then often salted

in tubs, to be manufactured into klip-fish at some later time. Brine-salt-

ing is at the present time used only in Scotland. In Norway it could

hardly be used, as it presupposes that the drying process begins as

soon as the fish have absorbed enough salt. If this cannot be done, the

fish are salted again in boxes. This method has been described in our

last volume, to whose pages we refer, and shall here confine ourselves

to a brief description of dry-salting. This is done by laying the fish

in rows, and making piles of fish one row over the other. When laid

on the pile the fish should be well drawn out and smoothed down,
for whatever folds it may get in the pile it will retain. Care should

also be taken that in placing the fish on the pile the abdomen does not

come in contact with the cut portion of the backbone of other fish. The
piles should be so arranged as to allow the brine to flow off freely, as

otherwise there is danger of its turning sour. The center of the pile

should therefore be its highest point. Some people who intend to sell

fish in brine, in which case the fish are often sold by weight, pile them
up in such a manner that the brine remains standing on the fish, and
that consequently the fish become partly brine-salted. The attention

of buyers should be directed to this method, as such fish will contain a

considerable quantity of water, and are very difficult to dry. The buyer
should also examine the brine to see whether it possesses the proper de-

gree of freshness. Even the Scotch, who use brine-salting, do not let
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the fish lie iu the brine any longer than is absolutely necessary. If the

season does not allow the fish to be dried, they are taken out of the

brine and are placed in well-covered piles, sonic salt being- sprinkled be-

tween each layer of fish. To give the fish a second salting is customary
among the Icelanders, although they dry-salt their fish. For the first

salting they use 1 ton of Liverpool salt to 160 kilograms of dried fish,

which corresponds to 6-£ tons of salt per 1,000 Loffoden fish of the usual

size. After the fish have lain in salt two or three days they are sub-

jected to another salting, this time one-eighth ton of salt being used per

100 kilograms offish; after they have remained in the salt for another

two or three days they are considered ready for washing and drying.

A second salting (using a less quantity of salt than during the first) is also

done by English fishermen when they salt the fish in boxes on board

their vessels, as well as by all those nations (the Swedes alone excepted)

who salt their fish in kegs. In the United States the fish are also salted

a second time when they have been unloaded from the vessels ; but this

is done only because they are dried as they are needed for the market.

A second salting may be recommended, but it hardly pays unless there

is danger that the fish will turn sour. In salting fish the salt should be

distributed evenly over the whole layer, as otherwise some parts of the

fish will be salted too strongly. If salting is done under the open sky,

the piles of fish must be well protected both on the top and on the sides.

Care should also be taken to avoid an accumulation of water at the bot-

tom of the pile.

Kinds of salt.—As regards the kind of salt to be used, it is diffi-

cult to lay down a rule which will hold good in all cases. We formerly

used the gray French salt, which in 1839 was recommended as the best,

At present Cadiz salt is generally used in Norway. The Scotch and
Icelanders use Liverpool salt; the Canadians duriug

#
the cold season

and for large fish use coarse Liverpool salt, in the warm season and for

small fish, fine Cadiz salt. In the United States Trapani salt is preferred

to the Cadiz salt, owing to the red plant which is often found on it. In

Newfoundland, Cadiz and Lisbon salt are used; to some extent also Liv-

erpool salt for codfish and Trapani salt for herring. Tho French near

Newfoundland use St. Ives or Cadiz salt, using their owu salt only for

preserving bait. The kinds of salt in general use are, therefore, Cadiz,

Lisbon, Liverpool, St. Ives, and Trapani salt. These salts contain about

the same amount of cooking salt, as follows:
Per cent.*

Liverpool salt „ _ . _ .. ., 92. 7

Lisbon salt 91. 2

Trapani salt 90. 4

Cadiz salt 87. 5

St. Ives salt , 84.

2

According to an analysis made by Professor Waage. This percentage, however,
varies slightly iu tho different years. An analysis of Liverpool salt, made by Mr. Jen-
sen, showed a percentage of 94.^ cooking salt.



334 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [10]

As regards its weight there will in reality be very little difference

between the above-mentioned kinds of salt, and we feel safe in stating

that not too much importance should be attaehed to the kind of salt, at

least as regards its place of origin. The essential requisites are that it

should be clean and have grains of even size, as unusually large grains

wiil produce spots on the fish and give it too salty a flavor in some

j tarts. For fish which ai e to remain in salt for any length of time coarse

salt which does not melt easily is to be preferred.

Quantity of salt.—The quantity of salt to be used depends on the

kind of salt, or the length of time the fish are to remain in salt, and on

the size of the fish. Small and lean fish should have less salt than large

and fat fish; a rule which is not always carefully observed. On the Lot'

fodeu Islands a larger quantity of coarse and not easily dissolvable salt

should be used in the beginning, not only because in the beginning of

the fisheries the fish are larger, but also because they have to lie iu salt

a longer time. In Norway Ihe quantity of salt is determined by the num-

ber of fish, while in other countries it is determined by their weight

when dry, which is the more sensible plan. As we stated before, the

Icelanders use 7 tons of Liverpool salt per 1,000 kilograms of fish, or

per 1,000 fish when 18 of them go to the vog (a Norwegian weight), and

5A tons when 23 fish go to the vog. This quantity was used in experi-

ment No. 2,* described on page 28 of the report for 1883, and proved too

much, which is quite natural, considering that the Iceland fish remain

in salt for only one week. The fact to which we desire to call special

attention is, that it is impossible to fix a certain quantity of salt for a

certain number of fish, for a difference of 5 fish per vog of dried fish will,

if, for example, Liverpool salt is used, make a difference in the quan-

tity of salt used amounting to li tons per 1,000 fish. The Scotch use

still less salt, viz., 4£ to 5 tons per 1,000 kilograms dried fish, owing to

the fact that they salt their fish in brine. Per 1,000 kilograms dried fish

there are used of Cadiz salt 4.2 tons in Canada, 4.5 in Newfoundland in

summer, and 5.8 in Labrador. In all these countries the fish remain in

salt only from one week to two weeks at the most. If the fish are to

lie dry-salted for some Mine, the quantity of salt should be somewhat
greater. Regarding the relation of the kind of salt to the quantity used

we must direct attention to the circumstance that, although most salt

has about the same degree of saltness, there is considerable difference

iu the weight. While 1 ton of fine Liverpool salt, loose measure, weighs

09 kilograms [518 pounds], one ton of coarse-grained Lisbon salt weighs

131 kilograms. Packed more tightly, the weight of the former is 130

and that of the latter 102 kilograms. One ton of loosely packed Lisbon

salt, therefore, contains 27.7 kilograms more cooking salt than the same

measure of Liverpool salt, and less of the former should therefore be

used if a certain measure is to be-employed as a unit for the quantity

of salt needed.

1,U0U fish were found to weigh '</'.> kilograms, or 23 to the vog.
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The relative quantity of cooking salt in the different kinds of salt has

been calculated by Mr. Walleui and published in his report on the Ber-

lin Exposition.

Amount of cooking salt per ton.

Kilograms.

Liverpool salt contains 91. 8

St. Ives salt 108. 6

Trapani salt 113.

Cadiz salt 113.

Lisbon salt 119. 5

According to this calculation one ton of Liverpool salt, of 100 kilo-

grams, would be equal to 0.85 ton St. Ives salt, 0.81 ton Cadiz or Tra-

pani salt, and 0.77 ton Lisbon salt.

To return to the experiments made in 1882, we find that in experiment

No. 3, 3.09 tons Cadiz salt were used per 774 kilograms dried fish, and
that this was too little. In a former experiment we found that 5.53 tons

Liverpool salt for 779 kilograms of fish was too much. According to

this proportion 5.53 tons of Liverpool salt should be equal to 4.48 tons

of Cadiz salt, which therefore would also be too much. 3.09 tons of

Cadiz salt was therefore too little and 4.5 tons too much for 775 kilo-

grams offish. The suitable quantity of salt would therefore be some-

where between these two figures. According to the above calculations

GX tons Liverpool salt or 5.3 (more exactly 5.2G5) tons of Cadiz salt would
be sufficient for 1,000 kilograms drie'd fish, or if weight is used, 650 and
003 kilograms salt respectively. The Cadiz salt has less saltness than

the Liverpool salt, and therefore more in weight should be used, although

the difference is only 13 kilograms per 050, but as it is heavier, less by
measure should be used, the difference here being very considerable,

viz., 1.2 tons per 0.5.

To use a certain measure of salt as a unit for the quantity of salt to

be employed is less reasonable than to take a certain number of fish as

the unit for determining the quantity of salt, as both will vary. The
best way will be to use a certain weight of salt for a certain weight of

dried fish, for the difference in saltness between the various kinds of salt

is comparatively speaking so small, that the same weight may for all

practical purposes be considered to contain the same quantity of cooking

salt,* and, with regard to the weight of the fish when dried, a skilled

eye will soon be able to determine this with a tolerable degree of ac-

curacy. It appears from the above that 050 kilograms of salt, no mat-

ter what kind is used, will be sufficient for 1,000 kilograms dried fish.

No absolutely binding rule can be laid down before some more experi-

ments have been made, and it is to be hoped that the Society for the

Promotion of the Norwegian Fisheries will soon be enabled to make these

experiments.

* Of the other principal ingredients of salt, sulphate of linio (gypsum), sulphate of

magnesium, and chlorate ofmagnesium, possess strongly hygroscopic properties.
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Fish which have been salted too much become stiff in the salt; when

the fish are cured, however, they become soft again.* Excessive salting

may be corrected during the washing and pressing, but, if possible, it

should be -avoided. In regard to this matter we repeat the following

quotation from the Eeport of the Board of Fisheries (given on p. 185 of

the last volume): >' Excessive salting is used by some persons to in-

crease the weight of the fish, but no greater mistake could be made,

for not only is the juice extracted from the fish, thus making it lighter,

but as the drying process progresses, a crust of salt forms on the fish,

and its value is diminished."

Boxes.—We would, in accordance with all that has been said above,

lay down the following rules:

1. All fish should be treated with great care both by the fishermen

and the manufacturers.

2. The curing should be done as soon as the fish reach the shore.

3. Fish caught with the day line and the deep-water line should be

killed as soon as they reach the boat.

4. All fish should be washed, and a few hours should be allowed for

the water to flow off.

5. Frozen fish should not be salted before lying in water for some

time to let the ice become loose.

6. In splitting the fish, the backbone should be cut obliquely three

links below the vent, so that the string running along the backbone re-

mains in the fish. The bone is torn out.

7. Each day the fish are allowed to lie before being cured makes a

difference in the price, which will fall rapidly the longer the fish are

allowed to lie. Fish which have been killed so as to let all the blood

run out bring a higher price.

8. All fish which have been treated with particular care, or which

are supposed will make a first-class article, are salted separately.

9. The salt should have grains of even size.

10. For fish which are to lie in salt a considerable length of time

coarser and less dissolvable kinds of salt are used.

11. The quantity of salt is calculated on the basis of a certain weight

of salt to a certain weight of dried fish.

12. When heaped up in piles the fish should be well stretched and

smoothed down, and the salt be distributed evenly. The brine should

be allowed to How off freely.

13. If the salting is done under the open sky, the piles of fish should

be kept well covered and have a firm foundation, so that no water can

gather at the bottom.

To these we add, conditionally,

—

14. For 1,000 kilograms dried fish use 650 kilograms salt. Our own

idea is that .somewhat less might be used ; for the turning sour of the

fish, which is sometimes caused by a long period of bad weather while

*The Labrador iish are therefore never stilt.
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the fish arc being dried, can be prevented by frequently changing the

fish in the piles.

The proportions of salt.—If one wishes to use the quantity and

number offish as a unit he must simply weigh his salt and divide the

weight by 050. With regard to the conversion of iish in weight to fish in

individuals, the difference of one iish in a vog [30 Danish pounds] makes

a difference of 55 and 5G hundredths iish in 100 kilograms. Hence, if

we assume the salted fish to weigh 130 kilograms per barrel, we should,

according to the rule here mentioned, use, upon the basis of 18 fish to

the vog, 5 barrels of salt to 1,000 fish; 10 fish to the vog, 5 barrels to

1,050 fish; 20 fish to the vog, 5 barrels to 1,111 fish; 21 fish to the vog,

5 barrels to 1,107 fish; 22 fish to the vog, 5 barrels to 1,222 fish; 23

fish to the vog, 5 barrels to 1,278 fish.

Or if we take a thousand fish as the standard, when there are 18 fish

to the vog, 5 barrels of salt; 19 fish to the vog, 4.735 barrels; 20 fish to

the vog, 4.5 barrels ; 21 fish to the vog, 4.285 barrels; 22 fish to the vog,

4.092 barrels; 23 fish to the vog, 3.912 barrels.

A difference in weight of two fish per vog [18 kilograms] in the dried

state therefore causes, if the salting is uniformly done and salt whose

weight is 130 kilograms per barrel is employed (the average weight for

the kinds of sea salt here mentioned), a difference of a few barrels in the

quantity of salt. A difference of five fish per vog requires a difference

of 1 iV barrels in the amount of salt.

The washing out should take place on the shore whereupon the fish

are to be dried, and it should be done in clean, fresh sea-water, and not

in river water. By washing them in the latter they lose their fresh,

bluish color, become dark gray, and acquire an uupleasant smell. The
fish are thrown out in the water one by one as they are needed, so that

the washing out may take place without interruption, but never more at

one time than the workmen can clean up immediately, or, at all events,

in the course of a short time. In throwing out the fish it is necessary

to observe whether the water is rising or falling, and also its depth, so

that the washers may always be able to reach the fish thrown out. A
washer of average ability should be able to wash fifty or sixty fish in an

hour. The fish are to be thoroughly cleansed, all the blood and slime

should be carefully removed, and the black membrane (peritoneum) is to

be taken off if this was not done before.*

Special attention must be given to the rygfolden ("blood bone") if

this is not cut off as it should have been ; also to the ear bones. In the

cleansing process woolen mittens are required. When the fish have

been washed they are laid down in slanting piles in five to six layers t

with the bellies downwards, so that the water may run off. The low-

est layer is placed with the skin side down, the remainder with the

skin side up. The substratum must be bare ground, free from irregu-

* If the fish have heen washed hefore pickling, the washing out will he much easier,

tlf in many layers, the lowest fish become too dry.

S. Mis. 70 22
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laxities, and with suitable inclination, or Jcuppelsten. The last is pref-

erable, especially if the ground slopes somewhat. If boards are at hand

they should be used both for the floor and the covering-

. The fish should

remain in these heaps at least twenty-four hours, or as nearly so as the

state of the weather will permit.

When there is eonsiderable difference in the size of the fish, they

should be assorted before pressing, in order that the larger and the

smaller fish may be treated separately. If the cargo is not sufficiently

large to warrant the assorting of the fish, the larger and thicker fish

must be placed undermost in the press-layers, and the smallest, on the

other hand, should be uppermost. Old fish must be treated with greater

caution than those which are salted fresh. If the fish is too salt it should

be allowed to lie iu the water from one hour to several hours longer.

The workman himself must decide how long. Should it become neces-

sary afterwards to remove the superfluous salt by pressing, the manu-

facture will occupy a longer time.

The drying place.—Iu the United States, as well as in Canada,

Newfoundland, and Labrador, most of the fish are dried on scaffoldings

or u flakes. " These consist of a kind of grating laid on a trestle. Some-

times the grating is made to turn so that it may have a greater or

smaller inclination to the horizon, according as one wishes to expose

the fish to the influence of the sun or protect them from it. In some

places there is used for the same purpose a frame-work over the grating,

supplied with curtains, which can be put on and removed at pleasure.

The grating consists either of laths or of spruce and pine strips (furruk-

viste), which are cut the year before, so that they may be thoroughly dry.

If the last is used the floor of the scaffolding is made in the following

manner: Over the lengthwise strips, wdiich rest on the trestle, are laid

cross-bars at a distance from each other of from 4 to G inches, and across

these are placed twigs which are fastened with laths at each fifth or sixth

foot of their length. When the bottom is made of twigs, drying is accom-

plished more slowly than when it is made of laths, as the circulation of air

is less free. Whereonehas both kinds, he should use the first during the

closing portion of the drying process. The height and breadth ofthe scaf-

foldings vary. In Canada those which are used for the drying of the

smaller fish have a height of 4 feet and an equal breadth,* whereas those

which are used for the drying of the larger fish are 12 to 14 feet in height

and as much as 100 feet broad. For the convenience of the men there is

constructed on this a board walk, so that they may readily handle

the fish.

In Scotland, also, scaffoldings are used to some extent. The advan-

tage of the scaffoldings is that the fish get a circulation of air both above

and below, whereby the evaporation of the water takes place more rap-

idly, while at the same time they are not exposed to the danger of be-

coming sunburned. Furthermore, on these the fish are not exposed

* See Norsk Fiskcritidendc, 18S3, p. 12.
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to surface-water, or so much affected by dust and other filth as when
they are dried on the beach or on a hillside. Finally, the fish become
heavier, as they retain more salt than when the drying takes place

mainly with the aid of pressure.

The use of the scaffolding in the countries here named is due partly

to a want of natural drying places, but chiefly to the fact that the manu-
facture occurs mostly in summer. Canada and Newfoundland lie be-

tween about 43° and 50° of north latitude, or in the same latitude as

France, and their southern situation, with the climatic conditions con-

sequent thereupon, has made the use of scaffolding a necessity. This

must, therefore, not be considered as a special method, but as a mode
of drying called forth chiefly by necessity.

The scaffolding is expensive, wherefore cheaper methods of drying

are also employed ia places where the conditions allow it, or where there

is difficulty in obtaining the necessary wood-work. Thus there are con-

structed besides the scaffolding some artificial drying places of stone

cairns or gravel heaps with shingles. In Newfoundland the latter have
an underlayer of bark upon which is placed a layer, 4 or 5 inches thick,

of shingles. The stone heaps are used chiefly in Iceland and in Scot-

land
; the gravel heaps, on the other hand, mostly in British North

America. In many places stone fences also are used. The artificial

drying places of stone here mentioned, have the advantage previously

referred to in speaking of the scaffolding (though in a less degree), of

a circulation of air on both sides, while the surface water has free

drainage.

In Firtiaarene, * in Norway, an experimentwas made with scaffoldings
;

but they were found too expensive in proportion to their advantages.

There can be no doubt that these as well as the artificial stone heaps

are preferable to a hillside, but when they are not used it is because

there is a sufficient number of natural drying places, and because the

climatic conditions among us make these more available than among
most of our competitors. These make it necessary for us to employ to

a greater extent the pressing process in order to remove the moisture

from the fish, since there is not sufficient heat to accomplish this by
evaporation.

As we also know the advantages from the use of scaffoldings and,

stone structures, &c, their use demanding less pressing and conse-

quently giving a greater weight, we dispense in drying with the hill

side. That these also can produce first-class products the Norwegian
klip-fish has given and still gives the best evidence. But it causes more
labor and produces less weight.

If a hillside is used the drying place should slope from the sun, and
especially towards one of th$ points between north and east, so that it

will be open to the winds from these quarters, and protected from the

westerly and southerly winds. It ought to be sloping and level so that

A£ tlip present time small lots are dried 011 laths on.tJio wluirvcs at Bergen.,
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tho rays of the sun may not by reflection be concentrated on auy single

point. The fish which aro -dried in such a place will readily become
sunburned. Bough ground or ground with ridges is advantageous, since

there is some circulation of air under the flsh, and the drainage of wa-

ter is free. Before the drying begins the place must be freed from grass,

moss, &c, and must be swept clean. To remove the turf immediately

before the beginning of the drying in order to secure more room is in-

jurious. This work should be performed beforehand, for one should

avoid as far as possible everything that may cause dust, because if this

gets on the fish in the beginning it can never be removed.

Drying.—This is performed somewhat variously in different coun-

tries according to the climatic conditions. In one respect, however,

there exists a complete agreement; it is in the universal dependence up-

on the conditions of the weather and the uniform results everywhere

following upon these conditions. Softening (sleiphed), sunburning, salt-

burning, and flies are drawbacks which operate against one in America

as well as in Europe, and the problem for the manufacturer is to coun-

teract thein as well as he can. The remedies are the same on both sides

of the Atlantic, whether one uses sheds, scaffoldings, stone heaps, or

slopes. They can be included into one word, which wo never weary of

repeating—carefulness. A great many " disasters," as they are called,

may be prevented, but very few can be repaired. Wo shall treat of

drying in its details under Norway, and thereupon give a short synopsis

of the conditions which exist in other countries, as far as these are not

touched upon iu previous pages.

Norway.—When the water is run off after washing, for which at least

twenty-four hours should be allowed, drying begins as soon as the

weather is favorable, by carrying the fish to the drying place, for which

purpose hand-barrows are employed, and laying them out with the flesh

side up. If the weather is dry and good, the fish may remain out over

the first night, but the skin side must be turned up towards evening.

On the forenoon of the next day the flesh side is again turned up, and

in the afternoon the fish are collected into layers containing thirty to

fifty each. When they have been laid out two to three times they must

be well stretched, especially in the belly. As this work is of great im-

portance to the appearance of the fish it must be carefully performed.

It requires much time, and one should rather sacrifice a day to it than

undertake it in a hurry during the collecting of the fish before night.

When the fish have been out three or four times,* or when they have

become so dry as to admit of being put in press, which is indicated by

the breaking of the belly upon bending it, they are placed in the first

press layer. In this they remain five to eight days, according to their

dryness at the time of putting them in, whereupon they are relaid in

another press layer so that tho uppermost are underneath, and in this

they remain for an equal length of time. Thereupon they are again

* Before each time of taking in tho fish they are laid more and more in piles.
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laid out, if the weather permits, but only every other day, and before

which time they are put in piles, which are again formed during the

days when the fish are not out. If they have been laid out four or five

days the drying will usually be finished. The fish is not sufficiently dry

as long as it continues moist under the dorsal fins, or is not sufficiently

hard to withstand the pressure of the thumb without retaining the im-

pression. Under ordinary conditions the drying will occupy about six

weeks.

These are the principal features of the Norwegian method of drying.

We cannot go further into details, because one frequently has a whole

day for drying, while at other times, again, only a few hours. Fre-

quently a week or more may pass by during which one may be unable

to get the pickled fish out, while at other times it may be necessary to

allow a day of good weather to pass unused in order to allow the fish

to remain in piles. If there is good drying weather in the beginning,

the fish should not be laid out every day, but should remain in small

piles one or two days in order that they may not dry too rapidly, as

thereby they become brittle and do not look so well. The power of de-

ciding when they should be laid out and the size of the piles in which

they may be placed, if they are oversalted, demands practical skill,

which must be obtained through long experience. We can, however,

give a few directions showing how one must proceed in certain individ-

ual cases:

If adverse weather occurs during the drying, the fish should be heaped

up every day or every other day as soon as the opportunity offers, and the

piles should be made smaller in order to give freer circulation of air.

To spare labor in these respects is bad economy. By repiling, the fish

become whiter and they are not so readily exposed to become sle'q). A
little rain in the beginning need cause no anxiety. Towards the close

of the drying process, however, it should be avoided, as it makes the

fish yellow. If, notwithstanding your efforts, they become sleip, this

can be remedied by dipping or washing them with brine or by strewing

a little salt between the layers.

If the fish become fleiped in the store, a result of bad drying, wipe

the moisture off, and afterwards give them one or two days of drying.

If the weather has been warm during the day, the fish when they are

collected before night must not be pressed in piles until they are cooled

off, as otherwise they will readily become salt-burned. If one is obliged

on account of squally weather or for some other reason to take in the

fish while they are warm, and the next day is unfavorable for laying

them out, they must then be piled up again.

In warm and still wreather one must be careful also in laying out the

fish for drying that they do not become sunburned, especially if the sun

has had time to heat the ground. In Canada, during intense sunshine,

they cover the iish with spruce boughs or canvas. If these are not at

hand, the fish on the warmest side during still and intense sunshine
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must be thrown in heaps of ten or twelve in such a manner as to pre-

sent as little surface to the sun as possible. When the fish, after having

remained in press, have become sufficiently stiff to admit of being "raft-

ered" (laid on edge), one must observe, during the conditions of weather

just named, that they are not turned broadside to the sun; but the

>;p<errerne must be turned according to this.

The fish must not be too dry before they arc placed in the first press

layer, else they will with difficulty u repel salt."* At first the brine is tur-

bid and has a bitter saline taste; later it becomes clear as water and

acquires a milder taste. If the brine becomes turbid afresh, the fish

must be placed in smaller piles so that they will not be pressed any more.

When the fish are laid in piles, the best way to place them is just as

herring are crowded in a barrel. It is necessary to observe precisely

that the belly of one fish is placed in the middle of the back of another.

When thcfloen is filled on one side, the beginning must be made on the

opposite side, provided only one person is engaged in the work. The
layers are heaped vertically and perfectly straight from the bottom to

the top.t

In relaying the press layers it must be observed that the napes, which

at the first pressing were turned outwards, should be laid inwards. If

the fish in repiling appear to be too dry this can be remedied by sprink-

ling them with fresh water.

The piles must always be well protected from rain and sun. They
ought properly to be placed on some elevation and in such a manner

that the surface water cannot reach them. A foundation of pebbles is

the best. In the absence of these wood is used. The undermost layer

is placed with the skin side down, the remainder with the skin up.

The heaps from the beginning of the drying ought to be covered with

stone, and the weight of the stone should increase progressively as the

drying advances. Weight must be divided uniformly over the cover.

The dried fish are removed after they are finished, and are brought

either on shipboard or placed in well-covered heaps.

Some manufacturers recommend laying the fish in the sun with the

skin side up, if it has been over-salted or if it is salt-burned, as the salt

is thereby drawn from the flesh side. Turning occurs more frequently

the further the drying process advances. The fish should never be-

stowed away when they are warm.
In damp weather the fish in the warehouse should be well covered,

but in dry weather, on the contrary, air them by opening the windows
and doors. It is likewise desirable to repile them every second or

third month, partly to air them and partly examine them, so that the

"" See "Rules for the guidance of the fishing population on the manufacture and

treatment of klip-fish." Aalesuiid, 1880.

\ Rules for the guidance of the fishing population ou the manufacture and treat-

ment of klip-fish. Aalesuud, 1880.
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damaged ones may be taken out and improved. Oat straw, between
the layers is said to absorb the superfluous salt, giving- the fish a good
color and preventing it from becoming slimy or middct.

United States.—After the fish have been taken out of the vessel*

they are washed, and are then placed in piles with a little salt between

each layer (kench cured), or they are laid in strong pickle in the vat,

which holds about 400 kilograms. They arc afterwards dried according

as they are wanted for the market. The dry-salted appear to be the

best and receive from one to several weeks drying, according to the

market, while the brine-salted, being mostly used inland, are dried only

one to three days. Pressing is never employed.

Canada.—On the first day after washing the fish they are placed

with the skin side up, towards evening they are turned and are left

lying out during the first night, if the weather is suitable. Later they

are collected before night and are laid the first time two and two together.

According as the drying advances they are placed at night, or in un-

favorable weather, in larger and larger heaps, the number in which,

however, never exceeds 50 fish. When they are nearly dry they are

placed in round heaps containing as much as 5,000 kilograms, which are

covered well and loaded with stones. In the heaps they remain at least

five to six days, after which they are dried on shingles for one day in

front of the store-house. When the fish are in heaps for pressing they

frequently remain in that condition for a long time, even until they must
be shipped, when they receive "the last sun."

Newfoundland.—Here the fish are not placed in the press heaps t

until they are nearly dry, when they are kept in them fourteen days,

after which they receive four to five days' drying inside of the store-

houses. Every evening they are placed under the store-houses in large

piles. They are considered sufficiently pressed when the dust salt be-

gins to appear on the outside.

Labrador.—When the fish are three-fourths dry, which occupies four

to five days of drying, they are placed for ten days in press layers in

order to "work," after which they are considered to be finished.

France.}—After the fish have been taken out of the vessel they are

* Those who fish on George's Bank, to which the voyage occupies three weeks, use

one bushel [30.28 liters] or 28 kilograms of salt to 150 kilograms of split fish, which
corresponds with 560 kilograms of salt to 3,000 kilograms of raw fish, while in our

country we recommend G50 kilograms to 1,000 kilograms of dried or 3,000 kilograms of

green fish. Those who fish ou the Grand Banks of Newfoundland, and are absent from

two to three months, use twice as much salt.

t It may be superfluous to remark that by "press heaps" we mean the piles in which
the fish (principmcessigt) remain untouched lor a certain time.

| See Candidate Wallem's report on the Berlin Exhibition, 1880, page 219. The
method here mentioned is employed, moreover, unchanged, which is especially re-

markable since the author assumes that possibly some improvement has taken place.

The French fish manufactured in Newfoundland are exported directly without going

over to France.
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washed in fresh water, which possibly has given rise to the name lavd,

by which they are known in Italy, and then they are suspended from cords

in covered dry sheds, where they receive from three to six days of dry-

ing-

, according to the market. They are not pressed. Since, on ac-

count of the proximity of the markets, they can be shipped by rail or

steamer, according to necessity, it is not necessary to lay much stress

upon their durability.

Scotland.*—After fourteen days' drying the fish are placed in press

heaps for ten days, after that dried for one week, placed again to " sweat"
four to six days, whereupon, after two to three days' drying, they are

finished.

Iceland.!—The drying process here is about the same as among us,

except that the fish are placed in the press somewhat later.

Thus in the countries in which klip-fish is manufactured the drying

is done on similar principles. The chief difference exists in the extent

of the pressing and in the time before placing the fish in the press.

Where the temperature or the condition of the drying places allows the

diminution of the moisture of the fish to take place by evaporation,

whether this is produced by heat or circulation of air, pressing is less

needful in proportion to the extent of the operations than when the

water must be removed by mechanical means (pressing). Where the

drying takes place chiefly by evaporation, the object of the press heaps

is principally to allow the fish to undergo a kind of fermentation. Where
the drying, on the contrary, occurs chiefly or in part by pressing, the

fish must be placed earlier in the press heap before the outside crust

becomes so hard as to prevent the penetration of the pickle. If the fish

of our competitors appears to be more salted than ours, it is not because

they use more salt,! but because the salt which the fish have absorbed

either becomes crystallized in them or dissolved, while a portion of the

salt dissolved in the water escapes when this is removed by pressing.

When certain manufacturers in your country use little pressing in order

to increase the weight, which is done at the expense of the preservation,

they must be discouraged. In this method, it is true, the fish retain a

little more salt, but at the same time, also, a corresponding quantity of

water which diminishes the durability of the fish; for, as we have seen,

moisture is one of the elements which promote decay. The greater

the amount of this in proportion to the weight of the fish the more

rapidly softening takes place. The water must therefore be removed
by evaporation, a thing, however, which can be accomplished in a pro-

tracted drying seasou under favorable conditions for drying. There-

fore, if one wishes to employ less pressing he must use more drying,

' See Norsk Fiskeritidendc, 1883, pp. 185, 186.

t See Annual Report for 1883, pp. 3-10 (Appendix 2).

t Except in Iceland.
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provided the durability is to remain the same. A drying place which

allows circulation of air on both sides is essential for this purpose.

Because of the antiseptic qualities of the salt a strongly salted lish

is more endurable than one which is less strongly salted. The capacity

of the fish to take salt is, however, limited. To dissolve one portion by

weight of salt requires 2.8/5 times the same quantity of water. If we as-

sume that 100 round fish will weigh 3,000 kilograms, about 2,400 kilo-

grams of this weight will be water, whereby 803 kilograms of common
salt can be dissolved. Whatever is in excess of this weight will remain

undissolved.*

Weight of the fish.—With regard to the proportion between the

weight of the fish in the fresh, salted, and dried conditions, which is

dependent upon the quantity of water, salt, and nourishment it con-

tains in these different conditions, we have little information based upon
accurate observations or chemical analysis.

We have already giveu an analysis of Norwegian klip-fish, made by
Candidate Jensen, one of the teachers in the Technical School of Bergen.

An analysis by the same chemist of a well-dried Iceland klip-fish which

weighed 1.5 kilograms gave the following result: Water, 42.23 per cent;

salt, 19.90 per cent. The proportion between a Norwegian and an Ice-

land klip-fish of 15.10 kilograms should be: Norwegian klip-fish, 552

grams water, 232 grams salt, and 7*10 grams mostly nourishment. Ice-

land klip-fish, 033 grams water, 298 grams salt, and 5G9 mostly nourish-

ment.

Of the examples examined, which were specially selected materials,

the Norwegian fish thus contained 147 grams, or nearly 10 percent less

water and salt than the Iceland, or 10 per cent more nourishment. A
chemical analysis of the klip-fish of other countries will certainly like-

wise show that they contain a varying percentage more of salt, possibly

also of water, than the Norwegian. When people, therefore, in these

countries get during drying "better weight," this is to be accounted for

partly by the fact that the fish in such places coutain more of the com-

paratively worthless materials, water and salt, which the buyers pay
for as fish, provided the price per kilogram is the same. Many of

our manufacturers oppose this measure, but they forget that in our dry-

ing with circulation of air-on one side only we get, if that spares the salt,

too much water retained in proportion to the salt. An analysis of the

Iceland fish shows a surplus of 5.41 per cent of water and 4.41 per cent

of salt. If we wish now to retain 4.41 per cent more salt, we must also

retain 4.41 times 2.37 per cent of water, which is the proportion between

salt and water in a Norwegian klip-fish, f provided we do not use

*Wit!i regard to herring the excess of salt over 32 kilograms, or one-quarter of a

barrel to a packed barrel of the fish, remains undissolved.

tTlie proportion between salt and water in an Iceland klip-fish is as 1 to 2.12,

thus, comparatively, more salt to the water, wherefore also it is more durable.
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more drying for the lightly pressed fish than we use in proportion for

the fully pressed fish. The one means of increasing the weight without

diminishing the durability is to retain the salt and remove the water;

but this can be done only by evaporation, not as is attempted in our

country by light pressing and medium drying. These processes, it is

true, give increased weight, but durability is sacrificed. By strong

salting, on the other hand, we can gain weight, but the fish thereby

lose in return nourishment and are exposed to the danger of becoming

salt-burned.

The weight of the fish is most closely dependent upon the time dar-

ing which it has remained in salt, as its elements which are soluble in

water are taken up by the pickle. We lack, however, the necessary

materials for deciding how much it loses thereby in weight. On the

other hand, fish which have remained long in salt yield a better weight

of klip-fish, as the salt finds time to penetrate everywhere, and thereby

its capacity for salt is increased. Finally, the greater or less plump-

ness of the raw product certainly has an influence on the weight of the

klip-fish.

Concerning the relations between the weight of green and dried fish

in different countries we are in possession of fixed data concerning only

a few. Wo append below the result of some experiments instituted in

the United States:

Wei
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fish there is given below tbe result of some experiments toade in the

United States:

Salted in
the vessel.
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into merchan table flsb (morue marchande) ; second quality (morue inferi

eure); and refuse (morue refusee). Among the last are placed all dam-

aged fish (sunburned, salt-burned, injured by rain, &c).

Newfoundland.—Tbe fisb are assorted here into three kinds : Mer-

chantable, which must measure at least about 22 English inches [50 cen-

timeters] from the nape to the last dorsal vertebra ; Madeira ; and West
I ndies. The assorting is done by private sorters at the fixed charge (one

penny) per quintal.

Iceland.—Here the fish are assorted, upon their receipt from the

fishermen, into two kinds, according to size, those which are over and

those which are under 18 inches; also, according to quality, into first aud

second. At the exportation to Spain* the authorities appoint two sort-

ers, who see that the fish are good, well dried, and well handled articles

of the year's production, free from wet and spoiled fish, and not mixed

with haddock, ling, pollock, and small fish. An affidavit to that effect

is signed upon the bill of lading, which besides is certified to by the dis-

trict judge or the town judge. In exporting to England and Denmark
there is no assorting by public sorters, but the small fish and the sec-

onds are shipped separately from the remaining fish.

Scotland.—Here klip-fish are treated just like herring by the mer-

chants. In purchasing green fish from the fishermen they distinguish

between fish over 14 inches and those under 14. Only perfect fish, aud

fish over 14 inches, are exported ; the remainder go to Ireland or to the

inland markets. Fish intended for the colonies are dried more thor

oughly than those for other markets.

France.!—Most of the fish at present shipped from here to Spain

are caught south of Iceland. Tuey are assorted for exportation into two

kinds according to quality and into two kinds according to size. A
fish weighing from 2 to 2£ kilograms is considered large ; fish from A to

14 kilograms are medium or small.

Barcelona.—Here fish are separated, as well upon the receipt from

the fishermen as in retailing, into three kinds: first kind, superior me-

dado (superior unassorted); second kind, buen mcclado (good unas-

sorted) ; and inferior fish. As inferior fish they classify brownish and

somewhat middet fish. If it is very middet or dark, it is classed as ref-

use fish.

* From the north and east coast klip-fish has not hitherto been exported direetly to

Spain.

t The French sea fishery is aided by the Government witb (ho following premiums:

Every registered man, an owner, whoso vessel goes to Iceland or to Newfoundland

and dries fish there, obtains 50 francs [36 crowns]; if, on the contrary, the fish are

dried in France, lie obtains 30 francs [21.57 crowns]. Dogger Bank fishermen obtain

half as much.

Also, iu the exportation of klip-fish, be obtains when exported : To foreign transat-

lantic countries, 20 francs per metrical quintal [100 kilograms] ; to French colonies or

European countries, 10 francs ; to Algiers and Sardinia, 12 francs ; then for every met-

rical quintal of roe imported, which is the yield of a particular kind of fish, there is

obtained 20 francs.
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Bilboa.—Here iish are separated for retail iuto many worts, which

are here arranged with the addition, for the sake of comparison, of the

prices according to a price-current received from one of the trading

houses there, dated January 4, 1884.

Norwegian cod are divided into: large club-fish, toston, 224 reals per

50 kilograms;* small club-fish, toston cito, 210 reals per 50 kilograms;

large fish, crecido, 220 reals first kind, 210 reals second kind, 208 reals

third kind, (?) reals fourth kind; small fish, 200 reals; ling and cusk

are divided into three kinds.

The cod klip-fish from Iceland, Shetland, and the Faroes arc divided

iuto:

Iceland : First kind, 202 reals; second kind, 194 reals; third kind,

180 reals; medium, 192 reals; small fish, 18G reals.

Newfoundland fish are divided into : large klip-fish, truchuclon, 194

reals; medium, truchuclon,* 194 reals.

Labrador, 1G4 reals.

French fish arc divided into

:

Iceland, first quality, 180 reals; second quality, 160 reals.

Newfoundland, first quality, 170 reals; second quality, 150 reals.

It will be seen from this price-current that even the fourth quality of

Norwegian fish exceed in price the klip-fish from other countries.

Italy.—Here fish are divided, according to size, into large, medium,

and small ; according to quality, into first, second, and refuse, following

the same rules which are operative in Barcelona.

The assorting is thus based in most places upon both the size and

the quality ; and as a rule they are separated with regard to both into

three kinds: by size, they are separated into large, medium, and small,

or large and small ; by quality, they are divided into first quality, sec-

ond quality, and refuse. This assorting also is perfectly rational, and
is therefore in our country in part the basis for assorting by the sorters.

Size plays an important role in the market, since in some places large

fish are preferred, in other smaller fish. The difference in the size of

the fish in our waters is, however, at present not so great that we feel

in need of making a, general sorting with reference to size in purchas-

ing from producers.^ As the manufacture of the yield of the daily coast

fishing into klip-fish becomes more general and the bank fishing expands,

the number of small fish will increase; and the time will therefore come
when size will be so important a factor that it will have to be taken into

consideration in the purchase of fish. For the present, however, as

previously remarked, it has little importance; wherefore we omit it

here.

* One real equals 17.5 ore; 200 reals = 35 crowns = $9.38.

t Divided again into two qualities. Under this brand occur also the Norwegian
fish. Translated, it means " small dried cod."

X The fact that the unusually small fish are rejected we will leave out of the calcula-

tion.
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As regards quality (under which size and condition of flesh also be-

longs, strictly speaking, but which we do not consider here), fish are

divided among us at tbe "reception" into only two hinds, unassorted

and rejected, while the price in part has a division into three, depending
upon whether in the agreement as to price attention is paid to the im-

pression which is made by preliminary examination into the condition of

the cargo. In this way the truly good, well-made fish do not get full

justice, while less carefully manufactured fish, on the other hand, bring

a price which they would not have reached had there beeu two sorters in-

stead of one—unassorted. The present universal method of sale, there-

fore, rather encourages the manufacturers to produce a medium article

than to attempt to make the most possible out of the raw product. The
result of this, besides the direct loss which arises from not making the

most out of what we have, will be increasing discredit in the world's

markets, which again will cause the Norwegian klip-fish to be sold only

when other better wares are not to be had. At present the result is not

so evident with klip-fish as with herring ; but if the system is continued

the Norwegian klip-fish industry and those which are associated with

it will in a longer or shorter time meet the same fate as every prodigal,

disorderly economy, in which everything " gaar 2}aa -Raws," an expres-

sion which we may be allowed to use, although it is scarcely grammat-
ical. We ask, what encouragement has one to purchase by preference

fresh fish, or to pay for their dressing, or to wash them, or to use the means
necessary that the drying may be as complete as possible, when no

special attention is paid to these different factors, although they contain

all the conditions for securing especially desirable products, or when
they are not considered in their full bearing, but disappear, so to speak,

into " chaos"?

We have in the foregoing shown how certain conditions, under which
the greater portion of our fisheries are conducted, make the Norwegian
products in many respects faulty and cause them to be surpassed by those

of our competitors. But just herein is an invitation to keep pace with

them, where" the conditions are the same; while the present mode of

sorting and of manufacture consequently thereby produces, by a similar

principle, the opposite result. It brings the manufacture down instead

of improving it. We cannot, therefore, sufficiently emphasize the neces-

sity in the purchase from the producer of resuming the old method of

sorting with its three classes: First quality, white, well-dried, perfect

fish, and, if size is taken into consideration, large, plump fish ;
" Mods-

tuvcn v ought to be rejected. Second quality, overworked, salt-burned,

indifferently dried, yellow fish. Rejected, lacerated, damp, split, sun-

burned, dark, sour fish.

In the foregoing remarks we advised the producer to sort his fish at

the salting and at the washing ontybecause wTe believe that he can thereby

contribute to the accomplishment) of the proposed reform. If he comes
into the market with unassorted fish,, he must sell the whole lot to onq
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purchaser, and lie will possibly find it difficult to make him agree to any
more stringent assorting than the customary one. If, oil the contrary,

the fish are assorted beforehand, he will be likely, because of competition,

to find different purchasers for each kind offish, while dried first qual-

ity will always command agood price at the close of the season, in which
we include the time from December to May.

The question of sorting is, we can readily say, a live issue for the Nor-

wegian klip-fish trade, and is one of great importance in our national

economy. It will be a source of gratification to the editor to place the

Tidskrift at the disposition of authors for the continuation of this dis-

cussion which he has here only beguu.





XVII -PEARLS AND MOTHER-OF-PEARL AT TAHITI AND THE
TUAMOTU ARCHIPELAGO.*

By G. Bouciion-Brandely,

Secretary of the College of France.

[Extracted from report to the Minister of Marine and the Colonies.]

In ancient times pearls came from the Indian Occam the Red Sea,

and the Persian Gulf. After the discovery of America, the Gulf of

Paria, the Isle of Margarita, Peru, the Gulf of Mexico, and the Gulf

of California furnished the European market with the most famous

pearls. The fisheries of Ceylon, of the Coromandel Coast, of Koudatschy,

Manaar, and generally all the fisheries of the Indian Ocean, the Red
Sea, and the Persian Gulf, date back to the most remote antiquity.

In modern times these fisheries have been "worked by the Portuguese

and English, and have always yielded very large profits, furnishing a

large share of the trade of the coasts of India. At the present time

England derives from these fisheries an annual revenue of several mill-

ions of francs ; and the total annual yield in pearls and mother-of-pearl

of the Asiatic fisheries amounts to 20,000,000 francs t [nearly $4,000,000].

Next to these fisheries, the most productive pearl fisheries of our

times are those of the Sunda Isles, of Panama, of Colombia, all of

which have been carried on for a long time. Of more recent date are

those of the Tuamotu Islands, the Gambier Islands, and Australia.

These last-mentioned stations furnish the beautiful pearls produced by

the large pearl-oyster, called in science Meleagrina margaritifera, and

by another smaller pearl-oyster, the M. radiata. We should also mention

the fisheries in the fresh and brackish waters of the Hawaiian Islands,

Saxony, Bavaria, Bohemia, Jutland, Scotland, Ireland, Norway, Swe-

den, Russia, and Erance. But ouly in exceptional cases are pearls of

fine water and great value found. The pearls more commonly found are

generally known under the name of "druggists' pearls," because from

* "La Pecheet la Culture desHuilres Perlieresa Tahiti ; Pecheries de VArdhipel Tuamotu."

Extracts from the Journal Officiel of June 23, 25, 26, and 27, 1885. Also printed in

pamphlet form. Paris, 1885. Translated from the French by Herman Jacobson.

For abstract of article by Bonchon-Brandely on a like subject, see F. C. Bulletin,

1885, p. 292.

tA franc is valued at 19.3 cents; a pound sterling at $4.86.
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them the powder was obtained which in ancient therapeutics was used

in certain astringent medicines^ which are now no longer employed.

Formerly the markets of Constantinople, Venice, and Lisbon were

celebrated for their sale of pearls ; but now the trade in pearls has

taken another direction, most of the pearls, which are found to some

extent in all parts of the globe, being now sent to England, Germany,

North America, and somewhat less to France.

Quality and value ofpearls.—Pearls have formed the object of numer-

ous classifications, according to their water, luster, transparency, color,

form, weight, and dimensions. There are white, gray, black, lilac, rose-

colored, blue, and yellow pearls. They are also distinguished as odd-

shaped, pear-shaped, button-shaped (flat at one end), virgin or paragon

pearls, the last being the most perfect as to form and the most highly

esteemed.

Nothing varies so much as the value of pearls. It is entirely a mat-

ter of fashion and taste. Sometimes white pearls are most sought after,

and sometimes gray ones. At present black pearls are those which are

valued most highly. A beautiful pearl, valued, for instance, at 2,000 or

3,000 francs, would be worth 5,000 or 0,000 if a similar pearl could be

found to match it; that is, the pair would be worth 10,000 or 12,000

francs to an amateur. Pearls are sold either by the weight or by the

piece; by weight when they are of not more than ordinary beauty; by

the piece when they are uncommonly beautiful. Even when sold by

weight, the price is not fixed, and it may vary from one price to tenfold

that sum, according to whether the pearl is round, azure, or black, or

whether it weighs six grains or thirty grains. A pearl of ten grains, if

shaped like a button, would be worth from 8 to 12 francs per grain; if,

on the contrary, it is round, white, or rose-colored, 25 to 35 francs ; and

if black, 55 to G5 francs. A pearl weighing thirty grains might be

bought by a dealer for 100 francs per grain. (There are four grains to

a carat and nearly four carats to a gram.) The trade in pearls is

counted by millions. It is difficult to make an exact valuation, for

alter they have been worked, the articles of jewelry and ornaments in

which pearls are used are no longer valued at their intrinsic worth, but

at their artistic or industrial value. The only information which we
possess relative to the trade in pearls in France is found in the cus-

toms statistics. In 1883 France imported 94,000 grams of pearls, gross

weight. Of these, 84,000 grams came from Germany, 5,000 from Co-

lombia, 4,000 from the United States, and 1,000 from various other

countries, representing a total value of 800,000 francs [$154,400]. But
these figures do not represent the total quantity of pearls used in

France. French jewelers use a much larger quantity of pearls, and

receive them from sources not given in the statistics referred to above.

Nor do these statistics mention the pearls which come from England,

nor those which come direct from Tahiti. Both these countries furnisty

us with pearls valued at very large sums.
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Origin of pearls.—The finest and most valuable pearls owe their origin

to a small and very modest little shellfish, occupying a very low grade

in the animal kingdom, the pearl-oyster (Meleagrina margaritifera, and
a smaller variety, Meleagrina radiata). Beds of pearls, properly speak-

ing, do not exist. There are beds of shell-fish producing pearls, but

pearls are not found on the sands of the sea, except in rare and accidental

cases.

Fine pearls are not produced exclusively by the pearl-oyster; but they

are also found in the shell-fish, commonly called "hog mussel"; in the

"mulctte margaritifere," common in fresh water, the valves of which are

used by gilders in preparing their gilding; in the " benitiersf a shell

belonging to the conchiferous Acephala, in the Haliotidce, &c. In the

pearl-oyster, however, the finest and most highly valued pearls are gen-

erally found.

Formation ofpearls.—The question as to what is the cause of the for.

matiou of pearls has frequently been discussed, and has been studied to

some extent, but it has not yet been satisfactorily answered. The best

work on the subject is that published by Mobius in 1858. Since then

nothing has been said which is not already found in the work of this

naturalist. Mobius does not solve the problem of the first origin. He
says that the kernel or nucleus around which the pearl forms is formed

by bodies foreign to the oyster; such as calcareous crystals, entozoa,

auodonta, distoma, sometimes an Ggg lodged in a corner of the genital

gland, organic, amorphous, brown, or yellowish debris, &c. But how
these bodies found their way into the tissues where the pearl originates

no investigation has as yet settled.

The further development of the pearl, and its structure, are better

known. The pearl is formed like the mother-of-pearl layer of a scale.

It is the product of a secretion of the tissues of the oyster round a

nucleus ; in other words, it is a shell reversed. In the center is the

nucleus around which there is an epidermic layer; over this a layer of

prisms (calcareous prisms with six sides, like the prisms of the enamel
of the teeth), and finally a third layer, called by Mobius, the mother-of-

pearl layer, to which are added several concentric layers secreted by
the tissues, and which produce the continuous growth of the mother-of-

pearl layer. As in the teeth, the structure of the pearl comprises an
organic azotic cover and hard parts, the latter soluble in acids. The
coloring and reflection is due to metallic salts.

Pearls may be found in nearly all parts of the oyster—in the genital

gland, in and around the adductor muscle, and in the mantle. There
may be fixed ones on the shell, or some, covered up by growth but
originally external, in the shell itself. The pearls found on the body of

the mollusk are considered the finest and purest. Their form approaches

that of a perfect sphere. These are the ones which are called " virgin "

or "paragon" pearls. They are nearly always found in the periphery

pf the gland and in the lower portion of the same. Held merely by the
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enveloping membrane, which finally breaks, either by too great a tension

or from some other cause, they live a life of their own, as they do not

seem to adhere at any point to the tissues among which they are found.

When freed, the pearl falls in the folds of the mantle or in the cavity of

the valves. In this latter case, if the animal does not succeed in eject-

ing it—which it generally tries to do—the pearl adheres after a few

days to the shell, and by constant additions of new layers of mother-of-

pearl to the entire inner side of the shell, it finally becomes wholly im-

bedded in it.

Pearls protruding from the shell are used in articles of jewelry or

ornaments where a portion of the pearl can be hid. As regards those

which are imbedded in the mother-of-pearl, a Paris jeweler (Mr. Daniel

Leoboldti) has found a way to extract them without breaking them

;

after which, by a special process, they are made so perfect that these

pearls, which are otherwise natural pearls, are currently sold under the

name of Panama pearls, their primitive value being now restored.

Many pearls, also, are changed by a manual process before they are

exposed in the jeweler's window. This is done sometimes with pearls

whose luster is only veiled by some peripheric layers, which arc re-

moved; some, also, from being pear-shaped, are made round by being

delicately worked; others are made black. by soaking them in a bath

of nitrate of silver. It can hardly be imagined what ingenious devices

have been employed to give to pearls of little value the appearance of

fine pearls. Means have been found to make them rose-colored, lilac,

yellow, gray, &c. ; but, on the other hand, ways have been found to

discover these deceptions.

There are also pearls which are called fine pearls, but are not such in

reality. These are caused by the perforation of the shells by the ani-

mals. They are hollow inside, and contain substances having no rela-

tion whatever to mother-of-pearl, and all of them have a large and

distinctly marked stem. Besides pearls, the pearl-oyster also produces

a mother-of-pearl protuberance, of irregular shape, which sometimes

reaches the size of a pigeon-egg. These excrescences or swellings are

due to the presence of foreign bodies in the oyster. It is not difficult

to cause their formation ; all that is required is to attach to the inside

of the valve a piece of hard substance—stone, glass, or coral—which

will soon be covered with glandular secretions, taking from the pearls

their transparency and from the mother-of-pearl their iridescence. It

is well known that the Chinese manufacture pearls by introducing be-

tween the valves of certain shells solid bodies on which secretions arc

soon deposited.

An experiment that I made at Tahiti in order to obtain internal pro-

tuberances of different kinds by artificial means was as follows: By the

aid of a gimlet, holes were drilled in different parts of the shell of the

pearl-oyster; and through these holes, measuring from one centimeter

to a centimeter aud a half in diameter [about half an inch], small glass

or stone balls were introduced, held by a brass wire, A stopper of cork
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or burao wood, pierced by the wire and not protruding inside the valve,

closed the opening hermetically. In this way the glass ball was the

only foreign body protruding on the inside of the shell. After four

weeks a thin layer of mother-of-pearl had formed round the ball, cov-

ering it almost entirely. The result was a very fine artificial pearl in

course of development. I believe that this process might be developed

into an important industry, and I am also convinced that by making

the proper selection it will be possible to produce mother-of-pearl of

various colors.

Pearl-oysters.—The genus Avicula, to which the pearl-oysters belong,

comprises a great number of varieties, differing but little from each

other, and which it would be useless to enumerate in this report.

In commerce two kinds ofpearl-oysters are distinguished—the one the

Meleagrina radiata, which is found in the Indian Ocean, the Persian

Gulf, in the Chinese Seas, the Caribbean Sea, the lied Sea, and on the

north of Australia inside the Great Reef; the other the Meleagrina

margaritifera, also comes from the Indian Sea, south of the Comoro
Islands, Zanzibar, the Australian coasts, the Sunda Isles, Gilbert Isl-

ands, Philippine Islands, New Guinea, and finally from the French Pos-

sessions in Oceanica, especially the Gambier Islands, and the Tuamotu

Archipelago.

When fully developed, the first of these oysters rarely has a diame-

ter exceeding 10 centimeters [nearly 4 inches]. The weight of both the

valves combined rarely reaches 150 grams [about 5£ ounces]. The

second kind may reach a diameter of 30 centimeters, and a weight of

to 10 kilograms [about 20 to 22 pounds]. The first-mentioned kind

furnishes inferior mother-of-pearl, as to quality and commercial value.

The second produces the beautiful mother-of-pearl, so much sought for

industrial purposes, on account of its solidity, consistence, iridescence,

and beautiful whiteness.

Pearl fisheries.—The Tuamotu Archipelago contains the largest pearl

fisheries in the world. Of the 80 islands composing this archipelago

there are only 5 or G which do not produce pearls. These immense
fisheries, however, are far from yielding the revenue which England
derives from her pearl fisheries in India, nor is the manner in which

they are managed the same. The English Government has taken pos-

session of these fisheries, works them on its own account, or lets them
them to different persons at a high rent.

The French Government, on the other hand, leaves the fisheries on

the oyster-beds free, derives no revenue from the trade in pearls, and
exercises no control. This apparent indifference would be inexplicable

if we did not take into consideration the circumstance that we have
been absolute masters of the Tuamotu Archipelago only since 1880, and
that consequently during this short period we have not been able to

work out a system according to which the fisheries should be suitably

managed.

It is certain that the Tuamotu Islands are not as rich in pearls as the
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India pearl fisheries. But, although there is uo basis upon which to

make an estimate, it must be supposed that they could every year

furnish pearls to the value of several hundred thousand francs.

Whatever the traders may say about it, there are few of the natives

who do not possess pearls. I have convinced myself of this by personal

observation. Every time we landed at an island, the natives came al-

most immediately, and, in a shy manner, as if trying to hide them, of-

fered us pearls for sale, drawing them from some fold in their belt in

which they had been concealed. The quantity of pearls gathered ought

to be in proportion to the quantity of mother-of-pearl fished. If wo
take, as an example, the fisheries of some parts of Auslralia which, ac-

cording to official statistics, produce about 250 tons of mother-of-pearl

per annum, and more than 300,000 francs' worth of pearls, the lagoons

of Tuamotu, from which 600 tons of mother-of-pearl are drawn every

year, should yield at least 000,000 francs' worth of pearls.* The mother-

of-pearl obtained from the Australian waters resembles, except in its

coloring, that of Tuamotu and Tahiti. Both in Australia and in the

Tuamotu Islands it is furnished by the same pearl-oyster, the Melea-

grina margaritifera.

It is true that in the French Possessions in Oceanica there are no
longer found in the same abundance magnificent pearls of such large

dimensions that Queen Pomare, of Tahiti, used them as billiard balls.

Exhaustive fisheries have been carried on in these lagoons for half a

century, and fine specimens of pearl-oysters have become scarce. But,

in spite of all this, the Tuamotu Islands cannot be so poor in pearls as

people pretend, to judge from the large number of persons who, in Ta-

hiti alone, make a living by trading in pearls. Mention should be made
in the first place of the special buyers, nearly all English, Germans,
and Americans (with the exception of two Frenchmen sent to Tahiti

by two French houses, a thing which had never occurred before) ; sec-

ondly, the captains of vessels plying in these waters, who make a living

principally from pearls and mother-of-pearl ; and finally the merchants

of Papaete, who occasionally add the trade in pearls to that for which

they pay a license, as the trade in pearls is exempt from all duties and
control, and any one may engage in it.

Nearly all the pearls from Tahiti go to America, Germany, or En-

gland, to the great detriment of the French jewelry trade, which uses

a very large portion of the beautiful pearls sold in the European mar-

kets. It will easily be understood that the French jewelry trade has to

* In Australia the. yield of pearls in 1881 was estimated at $58,200, and in 1882 at

$84,875. When I passed through Melbourne no data could as yet be furnished for

1833, but it was thought that the quantity of pearls was increasing, to judge from

the much greater quantity of mother-of-pearl obtained during that year. In 18-75 a

pearl was found valued at $7,275; another, found at Nicol Bay, and weighing 234

grains, sold for $3,408. At the samo place there was found in 1883 an extraordinary

pearl, or rather a conglomeration of pearls, there being seven of them, of the size of

peas, solidly soldered together, and forming a perfect cross. It was valued at an
enormous sum.
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obtain its supply of pearls through expensive intermediaries. This is all

the more to be regretted, as the Tahiti pearls, of matchless beauty, are

at present much sought after and valued very highly.

What measures could be taken to turn the trade in pearls to our

profit, and to make French industry (at least as far as the Tahiti pearls

are concerned) independent of foreigners ? It was proposed to levy a

high duty on all pearls destined to be sold to countries other than

France, and to exempt from all duty those sent direct to the French

markets ; but it was recognized that this measure would not answer the

purpose, considering the facility with which this precious article can be

concealed. A large quantity of mother-of-pearl is smuggled, and the

same would be done with pearls.

Mr. Mariot, an old resident of Tuamotu, has proposed a system which

deserves to be mentioned. He says :
" I think that pearls could be made

to find their way to Paris by establishing at Tuamotu a branch of the

Agricultural Bank of Tahiti, which would pay the owners of pearls

one-fourth their estimated value ; the remainder—less a certain small

percentage for general expenses—to be paid as soon as their sale at

Paris had been reported." I think that Mr. Mariot's plan deserves to

be examined and carefully studied. Our large dealers in pearls and

our great jewelry houses ought to form a syndicate and establish an

office at Tuamotu for buying pearls. It is true that pearls have never

been sold in Oceanica to greater advantage than at the present time;

and eveu a medium pearl will fetch a higher price in Tuamotu than in

Europe or America.

Mother-of-2)earl—The trade in mother-of-pearl is constantly increasing.

England imports not less than 5,000 to 0,000 tons a year, and Ger-

many from 1,200 to 1,500. France imports about 2,500 tons, represent-

ing a value of $1,351,000. French industry (fine furniture, inlaid work,

fans, buttons, &c.) uses nearly all the mother-of-pearl imported into

France, while England retains for industrial purposes only one-twentieth

part of the mother-of-pearl she imports, and sells the rest to France,

Austria, and Korth America. In fact, most of the articles iuto whose

composition mother-of-pearl enters are manufactured in France. It is

impossible to estimate the value of these articles, but it is certain that

it reaches a very considerable sum. 'For some years Austria has be-

come our rival in this respect, and it is estimated that the number of

men employed in Austria in working in mother-of-pearl is 8,000, while

their number in France probably does not exceed 4,000.

In 18S3 France imported 2,235 tons of mother-of-pearl, as follows :

Whence imported. Quantity.

Tons.

Ej-ypt
Dutch East Indies
Colombia
Germany
Japan
Netherlands

Whence imported.

Mexico
British Indies
Australia
Various countries
England
Tahiti

Quantity.

Tons.
85
92
303
37

1,553
28
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Two of the above figures are particularly suggestive: the enormous
quantity of 1,553 tons of mother-of-pearl which French industry is com-

pelled to buy in England, and the small quantity of 28 tons represent-

ing all the mother-of-pearl obtained directly from the French Posses-

sions in Oceanica.* The Gambier Islands and the Tuamotu Islands

each produce about GOO tons of mother-of-pearl per annum; but this

goes mostly to England or Germany.
The best mother-of-pearl comes, as we have already stated, from the

large pearl-oyster. Other shells, among the rest the nautilus, and even

the small pearl-oyster, produce mother-of-pearl of inferior quality, used

in the manufacture of less expensive articles. In Australia, the Sunda
Isles, Banda Sea, Torres Strait, on the coasts near Panama, and in Ta-

hiti the richest beds of mother-of-pearl are found, and the most exten-

sive fisheries are carried on.

In Australia these fisheries have, during the last few years, devel-

oped enormously owing to the discovery of new beds. Queensland alone

in 1882 exported 250 tons of mother-of-pearl, representing a value of

$121,250. The entire quantity yielded by the Australian fisheries in

1880 amounted to from 720 to 750 tons. The price of mother-of-pearl

in this colony varies from $26.50 to $39 per hundredweight. In 1880

forty-four licensed vessels and fifty-five boats were engaged in these

fisheries on the northwest coast of Australia.

tThe mother-of-pearl from Port Darwin, Thursday Island, is some-

what yellowish ou the outside, and when it attains to certain dimen-

sions breaks in small leaves. It is worth from $G30.50 to $079 per ton

brought to London. The consignments comprise shells classed in trade

according to their dimensions, as "bold," "chicken," and "medium."

The mother-of-pearl from Freemantle has a greater degree of consist-

ency, is thicker and heavier, not so large, but generally of a whiter color

than the preceding kind, and it is worth about $48.50 or more per ton.

Seven or eight years ago its price rose exceptionally to $1,164 per ton.

As there are no laws to regulate the Australian fisheries, shells of

greatly varying dimensions are shipped from there.

The Macassar mother-of-pearl is the most expensive, and that which is

sought after most. White, like that from Australia, but not so dense and

hard, it is used in the manufacture of the most sumptuous furniture.

On an average, 120 tons are exported per annum, selling—without re-

gard to dimensions—at about $970 per ton.

* These figures, taken from the French customs statistics, do not agree with those

furnished me by the large Paris dealers in mother-of-pearl, nor with those obtained

at Papaete. According to the last-mentioned authority, about 70 tons of mother-of-

pearl came to France directly from Tahiti.

tl am indebted to the Hon. Emanuel Sarassin, one of the great Paris dealers in

mother-of-pearl, member of the syndicate of manufacturers of fine furniture, for the

following information relative to the price and quality of mother-of-pearl of different

origin which comes to the French market.
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The Auckland mother-of-pearl is grayish and small, hardly ever ex-

ceeding 20 centimeters in diameter ; it is worth from $388 to $485 per

ton, according to the demand. The smallest shells exported measure

5 to 6 centimeters [about 2 inches] in diameter.

The Zanzibar mother-of-pearl is one of the smallest and also least ex-

pensive kinds. The diameter of the finest shells does not exceed 10 cen-

timeters [nearly 4 inches], and does not sell for more than from $145 to

$195 per ton. These shells, however, are. pleasing to the eye, having

azure and copper-colored edges. Only very few are found.

The Panama mother-of-pearl reaches a maximum diameter of 15 cen-

timeters [nearly G inches]. The edge is somewhat yellowish, and the

center rather white. It resembles the Mexican mother-of-pearl called

"Mazatlan," except in the color of the border, which in the latter is

bluish green. Panama mother-of-pearl is worth $242.50 per ton.

The mother-of-pearl called " Banda " is taken in the neighborhood of

Manila, and in the Strait of Malacca. It has a deep gray color, is not

very transparent, rarely reaches a diameter of 10 centimeters [G inches],

and is worth $194 per ton. It comes to Europe by way of the Neth-

erlands or Marseilles.

The Sydney mother-of-pearl is gray, and somewhat resembles the

Banda, only it is a little thicker, and is worth $242.50 per ton.

Liverpool, London, and Hamburg are the largest markets in Europe

for the sale of mother-of-pearl. In these ports mother-of-pearl and

other valuable shells arrive in considerable quantities from nearly all

the fisheries in the world.

An English newspaper, bearing date of February 4, 1885, published

the following price-list per hundredweight for mother-of-pearl during

1884 and 1S85

:

Fisheries.
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beautiful iu itself, the Tahiti mother-of-pearl is hard, homogeneous, trans

parent, iridescent, and of darker color along the edges. When held to

the light, it shows fiery colors, combining all the colors of the prism ; and
these astonishing reflections unite in a glittering and delightful har-

mony. Should fashion take a fancy to prefer brown and azure mother-

of-pearl, our oceanic fisheries can satisfy the demands of industry ; for

no mother-of-pearl can rival that of Tahiti, which, moreover, is a specialty

of our possessions in the Pacific Ocean.

Decrease of mother-of-pearl.—Iu all parts of the globe where mother-

of-pearl beds exist the fisheries are continually extending at such a rate

that, unless proper measures for protection and propagation are taken,

the time can be foreseen when the banks will be exhausted. As far as

we are concerned, our fisheries in the Gambier and Tuamotu Islands

already show unmistakable signs of exhaustion. The "bold" mother-

of-pearl has become so rare in these waters that it is found only at a

very great depth. And if the yield of the lagoons is not noticeably less

than it was fifteen or twenty years ago, the reason is this, that the fish-

ermen go to a greater depth, and that they gather as marketable mother-

of-pearl the small shells, which in former times they would have de-

spised when the Tuamotu fisheries were at their height.

Twenty or thirty years ago the trade in mother-of-pearl in the Tua-

motu Islands was very profitable to those engaged in it. For a piece of

cheap cloth, some handfuls of flour, or a few gallous of rum, the trader

could get half a ton of mother-of-pearl, worth 1,000 or 2,000 francs, or

beautiful pearls whose value the natives did not know. This archipelago

was visited by vessels of different nationalities. Mother-of-pearl was

abundant, and pearls were not so scarce as they are now. Since that

time the number of vessels has increased $ the natives, allured by the

advantages of a trade which became more profitable as competition in-

creased, commenced to fish with the most improvident ardor. jSTow, they

find that the lagoons are less productive, that they are gradually being

exhausted, and that even some of those which used to be the most pro-

ductive show signs of approaching exhaustion.

Mother-of-pearl fisheries.—The natives of Tuamotu have no other

industry but the fisheries. Their aptitude for this difficult and danger-

ous occupation is truly astonishing ; and they all—men, women, and

children—follow it for a living. They dive like fish and remain under

the water several minutes, sometimes going to the depth of 25 fathoms

and staying under the water for three minutes. In doing this they are

exposed to the greatest dangers, for in the dark depths of the lagoons

there are many sharks which roam about the fishing places in the hope

of finding some prey. If, in spite of all possible vigilance and agility

the diver does not succeed in avoiding the sharks, he has to meet them
in an unequal and terrible combat.

Diving is not only a very dangerous occupation but also one of the

most difficult known. In the beGinnincr of the season the fishermen are
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obliged to take great precautions, the first and most essential being not

to dive in the water too often in one day. To neglect this precaution

exposes the fisherman to hemorrhages arid congestions. After a while

he becomes accustomed to diving; but to continue this practice to a cer-

tain age is apt to cause paralysis.

Thus far, very few natives of Tuamotu engage in fishing on their

own account. Most of them do not possess the necessary funds or the

requisite spirit of enterprise. Some work by the day on a fishing ves-

sel, which is the more profitable way; but only those can do this who
permanently reside in the islands near which these fisheries are carried

on. Others hire themselves out for the entire season, or for part of it to

business houses of Papaete, or to the captain of a fishing vessel. A
diver working by the day gets about a dollar a day. The diver who hires

himself out for the season makes a contract with the person or persons

carrying on the fisheries, by the terms of which he has to give up all the

products of the fisheries on conditions determined beforehand, and in

return is furnished during the entire period of liis engagement with

food and other necessaries of life. In carrying out this contract the

diver is sometimes badly imposed on.

An ordinary diver earns from about $23 to $29 per month, according

to the condition of the sea and the productiveness of the oyster-beds.

If ho is fortunate enough to strike a bed which has not yet been sub-

jected to excessive fishing he can earn very good wages. There are

some who in one week have gathered about $40 worth of mother-of-

pearl.

Diving begins in the morning. After the vessel reaches the fishing

place the necessary preparations are made, and do not occupy much
time. All the clothing of the divers consists in a piece of cloth round

the loins, and all their tools in a pair of spectacles. Intended for ex-

amining, from the surface, the depths which the diver has to explore,

these spectacles resemble those used by calkers. They are composed
of four pieces about 1G£ inches long and about 11 inches broad, forming

a small chamber, one of whose ends is provided with a glass. The other

end is open to admit the head of the diver. The glass side is held to

the water so as to remove all blurs. As the waters of the lagoons of

Tuamotu are remarkably clear and transparent, a skilled fisherman can,

by means of this simple apparatus, discover oysters at a considerable

depth. Iu most cases he will not dive into the depths until he has

made this preliminary reconnaissance.

The Tuamotu divers may justly be considered the best in the world.

The Hindoos employed in the pearl fisheries iu the Gulf of Persia and on

the shores of Ceylon, who are very properly considered expert divers,

cannot be compared to them. The Hindoo diver descends in the water

by means of a weight of 20 to 25 pounds attached to his feet. His belt

contains also 7 or 8 pounds of ballast, serving to keep him in the depths

after he has rid himself of the first weight. He stops up his nostrils
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and ears with cotton soaked in oil, and places a band over bis month.
Thus equipped he goes to a depth of 40 feet, remains 53 to 90 seconds

under the water, and ascends by means of the rope which has accom-

panied bim. The Tuamotu diver, on the other hand, does not use any
of this apparatus or any of these precautious. All his preparation con-

sists in vigorously exercising his luugs by inhaling and exhaling in an

energetic manner a few moments before plunging into the water. After

this, he takes a last and copious supply of air, and then, divested of

every vestige of clothing, he Jets himself drop into the water, feet fore-

most, without the slightest weight to accelerate his descent. He de-

scends not merely 40 feet, but sometimes 25 to 30 fathoms, and remains

under the water not 90 seconds, at most, but from 2 to 3 minutes ; and

having made his haul rises to the surface, without the aid of a rope, in

an incredibly short time.

It has been said that the natives of the lower islands rub their bodies

with oil to protect them against the burning rays of the sun and the cor-

rosive action of the sea-water; but in no place was I able to observe

anything of the kind. As far as the sun is concerned, the natives have

nothing to fear from its rays; for, although the Tuamotu Islands are

under the tropics, the heat of the sun is not unbearable because it is

greatly moderated by the currents of air which prevail. Cases of sun-

stroke are unknown, and the temperature of the water in the lagoons

rarely exceeds 25° centigrade [77° Fahr.]. Each plunge into great

depths averages from one minute to a minute and a half, rarely two
minutes, aud only in exceptional cases three minutes.

Some business houses have endeavored, but without success, to intro-

duce swimming-suits among the natives. They refuse to wear them,

alleging, and with some apparent reason, that these suits would rapidly

produce paralysis of the lower limbs. Three Europeans use swimming-
suits, and consequently make rich hauls. They also maintain that these

suits keep away the sharks. They rarely rise to the surface without

bringing up several pieces of mother-of-pearl at a. time; while the native

fisherman must be content to detach them rapidly one by one, it being

a very rare case that he brings up more than one piece at a time. His
first care, when under the water, is to keep the valves of the oyster

pressed closely together, for fear that the animal, roughly torn from the

object to which it adhered, and feeling a pain caused by the tearing of

some of the threads of its byssus, might, by the movement of its organs,

eject the pearl which it contains. There are no external characteristic

marks indicating the presence of pearls in the oyster. ^Nevertheless,

the fishermen have been observed to dive for certain oysters in prefer-

ence to others, guided by the looks, shape, and color of the shell. But
all these indications are very indefinite; and only in exceptional cases

have 1 seen the selection of the oysters, by the indications given above,

realize the expectations of the fishermen.
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After the work of the day is over the divers begin to open the oysters,

using for this purpose a Large knife, which they handle very skilfully.

By the first cut the adductor is severed. Each shell and its contents

are then examined with the greatest care, so that no pearl may escape.

The masters never fail to assist in this operation; for, although divested

of all clothing, the native of Tuamotu can quickly swallow a pearl the

moment he has. discovered it. The shells belonging to independent

fishermen are, after they have been emptied, placed in moist sand till

the day of sale, so that they may not lose any of their weight by evap-

oration.

Diving for pearl-oysters is going on from one end of the year to the

other, but especially during the months of November, December, Jan-

uary, and February. In Juno, July, August, and September it takes

place only in the afternoon, the water being too cold in the morning.

Exhaustion of the Tuamotu lagoons.—After my arrival in the Tua-

motu Islands my first care was to make an investigation of the condi-

tion of the waters, in order to ascertain if what has been said regarding

the gradual exhaustion of the lagoons was exaggerated: in other

words, whether the Tuamotu Islands were threatened with approach-

ing ruin. The danger is, I am sorry to say, only too real. The lagoons

become poorer in oysters every day, and the time has come for taking

energetic measures if their complete exhaustion is to be prevented.

This state of affairs is not of recent date. M. de Bovis, in his work on

the colony of Tahiti, urged as far back as 18G3 that the fisheries in this

archipelago should be protected, and expressed the fear that sooner or

later the lagoons would become entirely exhausted. Later, Mr. Mariot

called attention to the constantly-increasing gravity of the situation,

and did not hesitate to predict that if no measures were taken to check

the progress of the evil the pearl-oysters would soou become entirely

exterminated.

The divers all agree that mother-of-pearl is constantly becoming

more scarce; that large oysters are found only in exceptional cases,

aud that even oysters which are barely salable, namely, those measur-

ing about 7 inches, are found only at a great depth, while formerly

they were found even close to the shore. Those times have passed when
vessels, carrying seventeen divers, could gather in less than a year, near

the island of Tikahau, 120 tons of mother-of-pearl. Mother-of-pearl,

as it has become scarcer, has also become dearer. According to Mr.

Mariot the kilogram was worth, in 1873, from 30 to GO centimes,* but

about 1 franc iu 1875. At the present time it sells at Tuamotu at 1

franc 75 centimes to 2 francs 25 centimes per kilogram.

t

* 100 centimes=l franc=|0. 193.

tThis is the nominal value. By paying part in goods and part in Chilian dollars,

these prices, hoth thoso of 1873 and 1875, and those of 1884, should be reduced one-

third in order to be brought to their exact proportions.
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Causes of exhaustion.—It will be sufficient to name the following prin-

cipal causes of this depletion

:

1. The abusive fishing which the Tuaniotu fishermen have carried on

for the last fifteen or twenty years, at the instance of ignorant mer-

chants, and the taking of young oysters.

2. Absence of all supervision.

3. Insufficiency of the administrative measures intended to regulate

the fisheries in the arcbipelago.

4. Absence of efficacious provisions for restocking the lagoons.

There is no supervision in the fishing placet;, and no officers to super-

intend the fisheries. Since France took possession of Tahiti the succes-

sive governors had their hands full in providing for the first necessities

of establishing French rule in these islands. Since then the condition

of our mother-of-pearl fisheries has remained the same as it was under

the protectorate, and the fisheries have not been subject to any restric-

tions. At present this question is seriously occupying the minds of all

men who have the future of this colony at heart. They know that if

the mother-of-pearl was to disappear, the colony would at once lose a

great portion of its commercial importance.

A plan for preventing the extermination of these oysters consists

in working the lagoons in regular turns, subjecting to prohibitory meas-

ures those in which there has been indiscriminate fishing for a number

of years. This prohibition is, in the language of the islands, called

" rahui." The " rahui " may be ordered by a decree of the governor, for a

period varying from two to five years, in any given island of the archi-

pelago ;
either because, according to the rank it occupies among the

islands, its turn has come to have fishing prohibited, or because the

condition of the oyster-beds renders such a measure imperative. The

decree ordering prohibition at the same time determines in which islands

the fisheries shall be free.

The periods of prohibition and of free fishing may be calculated in such

a manner, as to have fisheries going on in nearly the same number of

islands every year. All this is very well understood, and the principle

in itself is good. According to this system most of the fisheries in the

Indian Ocean and the Persian Gulf are managed. But with due regard

to the character of the Tnamotu lagoons, which really constitute in-

closed fisheries, and in which oysters could easily be propagated, and

also to the fact that the Tahiti pearl-oyster differs very much from the

small pearl-oyster of Ceylon and the Persian Gulf, it may be presumed

that the method applied to the open waters of the Indian Ocean will

not be the one best suited to our oyster-cultural establishments.

Under the "rahui" system, when an administrative measure prohibits

fishing in an island, the divers have left there only those oysters which

are at too great a depth, or which have escaped their constant researches.

The " rahui" is based on the principle of the hermapbrodism cf the pearl-

oyster. The persons who inaugurated this system thought that, in view
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of the fecundity of mollusks in general, a small number of pearl-oysters

would be sufficient to restock in a few years the most exhausted waters.

This way of reasoning, however, was based on an erroneous principle.

The pearl-oyster is a uni-sexual mollusk, either entirely male or entirely

female. In order to accomplish reproduction, it is necessary that withiu

a certain limited space there should be oysters of both sexes, and this

was not the case in the fishing grounds which had been ransacked more

than once during several consecutive years. The oysters were too scarce

and too isolated to let the generative elements meet often. This is the

sole reason why the "rahui" has not produced the happy results which

were expected from it. Nor should it be forgotten that by reason of the

relative tranquillity of the waters of the lagoons, and also from ana-

tomical reasons, the generative elements have very little chance of com-

ing in contact with each other. I have often found that the spawn does

not go far from the place where it was produced. Thus the branches

of coral near conglomerations of oysters are sometimes so full of small

oysters that they literally choke each other. This is a fortunate cir-

cumstance, owing to which it becomes easy to get the spawn of the pearl-

oyster, and by its means to accomplish their production in the lagoons

of Tuamotu.

NATURAL HISTORY.

Reproduction.—Although of a different kind, the pearl-oyster is not

excelled in fecundity by the edible oysters raised in the oyster-pares on

the coast of France, and not even by the Portuguese oyster, which every

year ejects several millions of eggs. The mode of reproduction of the

pearl-oyster resembles that of the Portuguese oyster. The sexual pro-

ducts are, at the period of maturity, ejected from the genital glands,

and meet in the water. I have never succeeded in finding spawn iu

the valves of the pearl-oyster, although I have opened them at every

stage of the reproductive period.

Eesembling the trees of this climate, which never cease to bear fruit

from one end of the year to the other, the pearl-oysters seem capable of

performing the generative functions at every season of the year. I have

not been able to ascertain the number of times which the pearl-oyster

spawned within the period of one year, but they certainly must be very

numerous. It is very rare to find the sexual glands completely empty

during several consecutive weeks, and it is probable that there are pe-

riods during which the emissions are more abundant than at other times.

Spawning does not take place at one and the same time in all the islands

of the archipelago, nor even in islands of one and the same neighbor-

hood. About the middle of July of last year the oysters of Aratica

were not in a fit condition for reproduction, while at this very time the

oysters of Fakarava ejected their eggs, and it should be remembered

that the islands of Fakarava and Aratica are not very distant from each

other. The climatic conditions are the same, and the density and tern-
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perature of the water resemble each other. As it appears that the

glands accomplish their germinative evolution in a few weeks, the ejec-

tion of the elements of reproduction should be accomplished in a com-

paratively short time. The observations in the next two paragraphs

are given in support of this theory

:

The spawning oysters gathered and brought by us frorn Fakarava as

far as Papaetc, had all, eight days after their arrival in the last-men-

tioned place, discharged the sexual products. Towards the middle of

the mouth of July we noticed in the island of Aratica, that the oysters

of the lagoon did not present any appearance of the near approach of

generative activity. Five weeks later the oysters of this same lagoon

spawned.

I have made similar observations at Tahiti and Moorea, all proving

the constant activity of the organs of reproduction. The fishermen of

whom I made inquiries assured me that the oyster propagates its species

every year, at least at Tahiti, Moorea, and in the Tuamotu Islands.

It is possible that in the Gambier Islands, which at certain periods

are much colder, spawning takes place only at certain fixed seasons.

The fishermen also think that the oysters become fertile at every full

moon. I have not been able to verify the truth of this assertion, as far

as the pearl-oysters are concerned, but it appears to be generally ad-

mitted that this is a fact as regards the edible oysters, which are very

common in the Society Islands (a kind of Ostrca xMcatula), and as re-

gards some other kinds of shell-fish. The emission of the sexual prod-

ucts generally took place at the waning of the full moon. The mother-

of-pearl oyster begins to spawn from the year following that of its

birth.

During my stay in the colony of Tahiti I made a certain number of

experiments with the reproduction and raising of pearl-oysters, which

were accompanied by the best results. I proceeded in the following*

manner:

At the very outset I found that it would be impossible to create in

these waters oyster pares like those existing on the shores of France

for edible oysters. In the first place, the pearl-oyster cannot live an

independent life like the edible oyster. Once detached from its orig-

inal collector, it immediately needs another collector, as without this

it cannot exist. It does not matter what may be the nature of this col-

lector (wood, iron, stone, or brick), the oyster will at once adhere to it,

provided it is a body which has the power of resistance, and which is

brought in close proximity to the threads of the byssus. It would be a

grave mistake to scatter pearl-oysters on any kind of sea-bottom, and

expect that they would develop there like edible oysters, as the result

would most certainly be a failure. If such an oyster falls on the sand,

it is irrevocablv doomed. Pearl-oysters are not provided with organs

of locomotion enabling them to change their place. And how could the

oysters be found again among the net-work of coral which covers the
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bottom of the sea in tins archipelago % How could they be taken care

of? An army of divers would not suffice to take care of one pare;

moreover the tide at Tahiti is too weak to leave dry any places capable

of being converted into oyster-pares. I therefore at once abandoned

the idea of raising oysters in pares, and I would advise those who in-

tend to engage in oyster culture in Tahiti to do the same if they wish

to be spared many disappointments. Some years ago there were seized

on the island of Anaa a certain number of small oysters. Under the

pretext of planting them again, orders were given to scatter them at

a place in the lagoon where the bottom was exclusively composed of

sand. Not a single one of these oysters was again found alive, all hav-

ing been buried under the sediment and thus perished. Similar experi-

ments made in other islands met with the same result.

The system of raising oysters in boxes, which has proved successful

at several stations in the ocean, and even in the Mediterranean, seemed

to me to be the most appropriate under the circumstance.

Oyster-boxes, containing a certain number of oysters, were submerged

in various localities at Tahiti at various depths, varying from 3 to 25

feet. After a month or five weeks the oysters had increased in size,

those measuring about 7 inches by about half an inch, and the small

ones by almost § of an inch. Only one had died, but then it should be

stated that it had been hurt in a particular experiment.

I renewed these operations in the port of Papetoai, in the island of

Moorea, and under entirely unfavorable conditions. The oysters, be-

fore being placed in the box, had been deprived of the horny part round

the edge of the valves by means of sharp pinchers and a scraper. Each

oyster was numbered, and the outline of the shell traced on a sheet of

paper. In some of them I had bored holes in several parts of the shell,

to favor the formation of mother-of-pearl protuberances. After a month

or five weeks the mutilated oysters had recovered, the edge of their

shell had reformed, and all had increased in size about half an inch.

With a few exceptions they had attached themselves to stones or pieces

of coral placed in the box, or to the sides of the box. Those whose bys-

sus had not found any object to which to adhere, had not increased in

size. The fixing of oysters, taken from their natural collector, to resist-

ing bodies, was therefore an accomplished fact. It had been asserted

that once torn from their original collector, they would not adhere to

another, and would soon perish. Later I observed that a single thread

of the byssus was sufficient to insure fixation. The new fixation took

place in from one to three days after the oysters had been placed in the

box.

The first oyster-boxes of a model resembling those used in French

oyster-cultural establishments, did not altogether suit the pearl-oyster.

Accordingly, other boxes were made, which were better adapted to the

purpose. These new boxes measured from 4 to 5 feet in length, 27 to 31

inches in breadth, and 10 to 12 inches in depth. They rested on four

S. Mis. 70 21
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feet, making the space between the box and the ground about 10 inches.

On the inside there was a row of slats running parallel with the broad

sides, and slightly inclined like the slats of a shutter, each slat being-

provided on the lower side with a bracket with a round hole, each in-

tended to receive one oyster. In this way the oyster was placed almost

vertically, its valves were in the air, and its byssus was brought in con-

tact with the wood. Arranged systematically between the slats, the

oysters could not become mixed, or become displaced by the action of

the current. The bottom and the cover of the apparatus were composed

of open slats, and the sides were perforated. In this way the water could

enter the boxes and circulate freely.

The submersion of these oyster-boxes presented no difficulties. Four

ropes attached to the four feet of the apparatus, were tied in a knot at

the height of a yard above it. To this knot a rope was attached, which

was lengthened in proportion as the apparatus weighted with stones

sunk deeper into the water. A float attached to the upper end of the

rope showed the place where the box was submerged. The operation

.

of submerging and hauling up the oyster-box would be very much sim-

plified, and be accomplished in a very short time, if there was a float

with a system of winches and pulleys.

On September 3, 1S84, a box like those described above, having its

full supply of oysters, was deposited in the water of the harbor of Pa-

paete, near the little island of Mutu-Uta. When drawn up three days

afterwards all the oysters had become fixed to the wood of the slats r

each in its own hole, forming in a certain way one body with the appa-

ratus. It will be seen from this how advantageous the method of raising

oysters in boxes might prove at Tahiti. If this method was employed

not a single oyster would perish; their exact number would be known,

and moreover each one might be numbered. The care which these

young oysters need could easily be given them.

At no place on the French coasts is oyster culture carried on under

such conditions of convenience and economy as are found at Tahiti.

The absence of the tide, leaving the shore dry, is, in my opinion, an ad-

vantage to the oyster cultivator, who is thus enabled to carry on his

operations at any time. Instead of having to send numerous relays of

workmen to the pares to use the short intervals when the water allows

them to work, a small number of laborers will suffice to keep up the es-

tablishment, as they can work at any time. And if the trade in mother-

of-pearl is languishing and prices are not remunerative, the cultivator

can afford to wait for better times. The oysters are simply left in the

pares, where they will continue to grow and increase in value; and when

better times come he would be prepared to meet the demands of the

merchants, and would obtain good prices.

On nearly all the oyster-boxes containing mother oysters, deposited

at Aratica at the entrance to the lagoon, spawn was obtained. Other

important results were reached near Papaete. Some of the oysters had
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been removed from the box sunk in this place in order to verify their

growth. After three weeks the shells of these oysters were covered

with spawn, measuring from .06 to .08 inch. On one valve as many as

300 eggs were counted. It is therefore beyond doubt that by placing

collectors near the oyster-boxes an abundant supply of spawn could be

secured.

Vitality of the pearl-oyster.—The pearl-oyster is endowed with a high

degree of vitality. Changes of temperature and the density of the water

may have some influence on its development, but they are not necessa-

rily injurious to it. Thus, oysters placed, by way of experiment, back

of the arsenal of Fare-Ute, although submerged in very brackish water,

having a specific weight of 38£ grains, had hardly increased less in size

than those placed at the same time in the harbor of Papaete, where the

water weighs 44 grains, and were fully as vigorous as these. This does

not mean that there are no places more favorable than others for the

cultivation of the pearl-oyster, for in the Tuamotu Archipelago there

are islands, especially Takapota, where the oysters always remain small;

and the temperature, the density of the water, the nature of the bottom,

and the currents, exercise a considerable influence on the growth of the

pearl-oyster; but it is not very exacting in its demands, and may easily

be preserved.

Transportation of oysters.—The transportation of the pearl-oyster is

not connected with any serious difficulties. This is a most fortunate

circumstance, for it thus becomes possible to furnish young oysters to

pares at a distance from the place where they were produced. Return-

ing from Tuamotu to Papaete on July 13, 1884, we carried on board the

Volage several hundred oysters destined for experiments which had
been begun at Tahiti. These oysters were kept in cans whose water
was renewed every three or four hours; and during this trip lasting

forty hours we lost but very few; Some weeks later, employing the

same method, I transported from Papaete to Tautira, on board the Aorai,

one hundred oysters ; and not a single one perished during the three

days which this trip lasted. I am convinced that none would have been
lost on the trip between Tuamotu and Tahiti, if there had been on board
the vessel an apparatus constantly distributing aerated water in cans

containing the oysters. Barrels furnished with faucets would fully an-

swer this purpose.

Enemies of the oyster.—Like the edible oyster, the pearl-oyster has its

enemies and parasites. Among the former there are two fish: the one,

called k
< Tahereta v by the natives, is a flat fish bearing a strong resem-

blance to the fish so much dreaded by our oyster cultivators, on account

of the ravages which it makes in the pares; the other, called " OirV1 or

"Kotohe," is a long fish with powerful jaws. It seems that these fish do
much harm

;
they attack the oysters, break them open, and devour

them. Other enemies of the oyster are two shell-fish, namely, a Murex,
and a Pholas. These attack the shell of the oyster. The first pierces it
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in several places, compelling the animal by a constant work of secretion

to close up the numerous holes which have been bored in the shell; the

second confines itself to lodgiug in the thick part of the shell, just as

similar shell-fish on the coast of France lodge in stones or rocks. These

animals are aided in their work of perforation by marine worms, one of

which (called the "needle-worm," the most injurious of all) bores numer-

ous holes and small galleries between the outer layer of the shell and

the mother-of-pearl part, causing it to resemble a piece of wood attacked

by xylophagous animals. Mother-of-pearl thus deteriorated loses all

commercial value, and is called perforated or worm-eaten mother-of-pearl.

A small parasitic sponge works similar injury. Even the malicious crab

thinks that it has a special claim on the pearl-oyster, and attacks espe-

cially the young ones. I must finally mention the polyps, the ascidians,

and the Serpula, which are dangerous parasites ; also a small crab called

u pinnothere," similar to the one found in France in non-cultivated mus-

sels, which lodges in side the shell and lives at the expense of the oyster.

Oyster culture based on the system of raising the oysters in boxes, pro-

vides protection for the young oysters against the many different ene-

mies, of which 1 have enumerated only a few.

It has been noticed that the edible oysters raised in oyster-boxes were

those whose shell was the finest, the healthiest, and the most trans-

parent. The reason of it is this, that the apparatus in which they are

inclosed, rests on feet, keeping them 8 to 12 inches above the ground.

In this way the oysters are no longer in contact with the sand on the

bottom of the sea where those animals live which it is important for

them to avoid. Moreover it is one of the rules of oyster culture not to

give the parasites contained in the sediments which engender them the

time to develop and become fixed.

Coloring of mother-of-pearl.—White mother-of-pearl is at present most

expensive and most sought after. How does it come that mollusks of

the same kind sometimes have a white shell, like the Macassar mother-

of-pearl, and sometimes a shell with a black border like the Tahiti

mother-of-pearl? Is it a question of breed, or must these differences of

color be attributed to more or less local influences, orginating from the

nature of the water and the bottom ? I am inclined to the latter opin-

ion. It has been observed in France that the element in which shell-fish

live exercises an influence on their quality and their color. If, for in-

stance, an Arcachon oyster, one year old, is transported to the pares in

the river Belon in the Department of Finistere, it will be noticed that

after a while that part of the shell which has grown in the new place will

differ in color, hardness, and transparency from the original part of the

same shell. Oyster cultivators have daily occasion to observe facts of

this kind. White mother-of-pearl is not entirely unknown in Tahiti.

From time to time specimens of this kind are found in the lagoons of

the Gambier Islands.

As this question is a very important one from a commercial stand-
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point, experiments should be made with a view to ascertain whether by

special methods of culture it would be possible to cultivate white mother-

of-pearl at Tahiti. These experiments are not the only ones which

should be made. There remain a large number of questions whose so-

lution would be profitable, such as, to determine the normal develop-

ment of the oysters 5 the influence of waters, currents, temperature, and

bottom ; the choice of the best collectors for gathering the spawn; the

selection of the most suitable places for raising oysters, ascertaining

the time when spawn is ejected, &c. A year at least should be devoted

to the study of these different questions, with the view to get at some

practical data.

From what has been said it follows:

1. That the pearl-oyster is susceptible of being raised just like the

edible oyster, and that its spawn can be gathered.

2. That at Tahiti oyster-cultural establishments may be founded with

every chance of success.

3. That it is possible not only to check the gradual exhaustion of the

Tuamotu lagoons, but to restock them, and make them as flourishing

and productive as ever.

Organization of the fisheries.—The first thing to be done is to organ-

ize a special service of oyster culture analogous to that which the

English have established in Iudia, and the Dutch in their possessions in

Asia. This service should include a strict supervision of the fishing

places ; this, in fact, is the most important point. It would cause the

regulations to be properly respected, would prevent frauds and smug-

gliug, would cause the contracts between masters and divers to be rig-

idly observed; it would keep the governor constantly acquainted with

the condition of the fisheries, so that he would know which could be

worked, and those which should be subjected to prohibitory measures

("rahui") ; it would aid in determining the localities where new centers

of reproduction should be established, and would assist in properly

keeping up these hatcheries. The chief of the service of oyster culture

should have at his disposal a steamer of 120 to 150 tons, built so that

it could easily enter the lagoons and resist the bad weather which

often prevails at Tuamotu. This vessel should be commanded by some

experienced naval officer, having under him a crew of seven or eight

men, who would act as fisheries police and see to it that the regula-

tions were not violated. The vessel should be a rapid sailer, so that it

could promptly and unexpectedly go from one island to the other.

Some of the crew might, in certain cases, be detailed to guard the fishing-

places for a longer or shorter period. From the day when a proper and

effective service of supervision has been established, the work of renew-

ing the stock of oysters in the lagoons may be commenced with a well-

assured hope of success.

This is, in my opinion, the method which should be pursued. At first

only two or three islands should be subjected to the new regulations;
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the others might meanwhile merely be subjected to some proper prohib-

itory measures. We have the choice between the islands of Aratica,

Takaroa, Manihi, and Takapota, which can easily be superintended,

owing to their small size. The fisheries in these islands should be de-

clared free at all times ; but the fishermen should be compelled to de-

posit in oyster-boxes and in specially selected places all the young oys-

ters which they capture, and which have not yet reached the regulation

size. These oysters should remain their property, and as soon as they

had reached a marketable size they could dispose of them as they pleased.

The centers of reproduction should be kept constantly supplied with

oysters and propagate them all the time. Generative elements ejected

by oysters placed in these reservations would be found there at all times,

and it may be presumed that nearly all the eggs ejected by the mother

oysters and susceptible of impregnation would there receive the fecun-

dating fluid which they require. As the pearl oyster is exceptionally

productive, numberless young oysters would escape from these reserva-

tions, and would by the current be carried into the lagoons, which they

would fill with a new generation of oysters ; and by placing suitable

collectors here and there, a rich harvest of spawn might be gathered.

There would be no serious difficulties in the way of putting this system

into operation. The natives of Tuamotu are docile and understand

their interests. From what I have stated m my report on the condition

of the fisheries in this archipelago, it will appear that the fishermen are

entirely disposed to obey the instructions given them, and to become,

in short, co-workers in this enterprise, which is undertaken for their own
benefit as well as for that of the entire colony.

If we desire to bring to an end a condition of affairs which, as I have

said, grows graver from day to day, threatening the natives with ab-

solute ruin ; if we desire to save from total destruction our oceanic

fisheries; if we wish the Tahiti colony to flourish, it is of the utmost

importance that we should make some sacrifices at once, and adopt some
measures of immediate practical value.

Our Tuamotu fisheries are peculiar, and combine all the requisite

conditions for becoming centers of a most productive and remunerative

mother-of-pearl cultivation. If we were to cultivate these fisheries more

than we have done, we might have a monopoly which no country could

seriously dispute ; especially as in a very short time, owing to exhaustive

oyster-fisheries, mother-of-pearl is going to become a very rare article.

I sincerely believe that if these fisheries were properly managed, the

annual yield, which is now about a million of francs, would soon reach

eight or ten millions.

However well disposed the natives may be, it will be necessary in

the beginning to aid and encourage them. I would, therefore, propose

to give premiums to those who, by their labors, had obtained the best

results. The expense would not be very great, and the colony would

doubtless provide the necessary funds.
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I would also propose to send a thousand oyster-boxes from France to

the governor of Tahiti, and have them properly distributed among the

natives, to whom we shall have tolook for establishing the first centers

of reproduction. These boxes would also serve as models ; and those of

the natives of Tuamotu who are skilled in carpentering, could hardly

fail to construct similar boxes. The MiJci-milci wood, common in Tahiti,

is very hard and resists the action of the water, and, like the wood of

the cocoauut tree, it would be admirably adapted to this purpose.

The introduction of the industry of oyster culture in Tuamotu would

be accompanied by very happy results. In the first place it would fur-

nish steady work to the natives, something which they have needed for

a long time, and to which they are well adapted ; it would relieve them
from the cupidity of unscrupulous merchants; it would develop among
the natives of Tuamoto a feeling of family, economy, love of property,

and of country; it would cause the Tuamotu native to abandon the

vagabond life which necessity at present compels him to lead, roaming

from one island of the archipelago to the other, in following the precari-

ous trade of a diver, which shortens his life, and would gradually raise

him morally and intellectually. And all this would benefit the entire

colony, making business of every kind more prosperous.

Ownership of the lagoons.—The introduction of oyster culture in our

oceanic establishments would bring about the solution of a question

which has been pending for a long time, namely, the ownership of the

hi goons. As long as this question has not been definitely settled, it will

be impossible to do anything. It is very evident that neither the

natives nor the French oyster cultivators who might feel inclined to

introduce their industry in these remote countries will set to work in

earnest until regular grants of these waters have been made to them
and they feel that they are secure in their possession.

Some people in Tahiti have, from reasons which I cannot understand,

constituted themselves the defenders of ancient and superannuated

privileges, which the native population would never dream of claiming,

and which are absolutely at variance with the laws in force in all coun-

tries of the globe. These officious people seek to convince the natives

that these lagoons belong to them, and that they are communal or pri-

vate property, just like ground. They say that the portion of the sea

extending from the edge of the reef to the center of the lagoon is only

the natural extension of the ground. Our law, on the other hand, pro-

claims that the domain of the sea belongs to the state, and is inaliena-

ble. Would it, therefore, be proper to make an exception in the case

of the Tuamotu Archipelago 1 If this was the case, navigation in the

lagoons would be a matter of sufferance.

In the course of my voyage through the Tuamotu Archipelago I

made inquiries of the natives relative to the claims above referred to,

which they are said to make, and in all cases I was informed that noth-

ing approaching to such a claim had ever been made. They have
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always considered the lagoons as free waters, and belonging to the

state. They have all assured me that they have not authorized any
one to make such statements. All they desire is, that some preference

shall be shown to them, when grants are made, and that no grants

should be made to foreigners. The above statements have been en-

tered on the minutes of a meeting held at Takaroa, attended by the

district superintendents of the different islands, and by a large number
of fishermen.

On the other hand, the Tahiti courts have, on two different occasions,

pronounced in favor of the principle contained in the French laws,

namely, that the portions of the sea comprised between the reef and
the shore are the property of the state. Under the rule of the ancient

sovereigns of Tahiti, however, the owner of the shore was also the owner
of the corresponding portion of the sea between the reef and the shore;

but the fact of these islands having become annexed to France has

changed this. And does it not follow, as a matter of course, that the

Tuamotu lagoons are subject to the same laws as the Tahiti waters, as

the annexation of the archipelago took place at the same time and on
the same conditions as that of the Society Islands f

Although the rights of the state to the Tuamotu lagoons, and to the

arms of the sea comprised between the reef and the shore are incon-

testable, it will be necessary to state this authoritatively. This will be

the only way to avoid the lawsuits in which the people of these islands

are inclined to engage on the slightest pretext.

Localities for stations.—Thus far only the Tuamotu Archipelago has

come into question ; and I have not yet stated whether at Tahiti and at

Moorea there are favorable localities for establishing oyster-pares, and
under what conditions oyster culture could be carried on there. These
two islands would be the very ones in which emigrants would prefer to

settle, on account of their greater and more manifold resources. It is

impossible for me to furnish any detailed information as regards each
one of the localities adapted to oyster culture, and to enumerate all of

them. These localities are far too numerous. In the Island of Moorea
there are the Cook Bay and the Bay of Oponuhu, well adapted to the pur-

pose by nature, where oyster culture could be conducted on a large scale;

likewise the greater portion of the water inside the reef, whose depth is

sufficient for submerging oyster-boxes. Pearl-oysters thrive there natu-

rally. Moorea is 12 or 13 miles from Papaete; the climate is healthy,

and the means of existence are the same as at Tahiti. It is a most de-

lightful island, one of the most interesting of the oceanic islands; and
there is no lack of arable soil of the utmost fertility.

At Tahiti there are also numerous places suitable for the cultivation

of pearl-oysters. I will mention among the rest the Papaete Roads, the

neighborhood of Faaa, the bays of Matavai, Tautira, Taravao, Port

Phaeton, the portions of the sea situated in the districts of Hitiaa,

Tiarei, &c. There are enough places to satisfy the whole world, and
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large establishments could flourish here. Sheltered from the open sea

and the winds, and easy to supervise, these different locations are all

inside the reef which at a distance from the coast, varying from about

half a mile to 1£ miles, extends for about 93 miles. Nearly everywhere

fine and valuable mother-of-pearl is found. It would be necessary to es-

tablish at Tahiti, as at Tuamotu, reservations for the reproduction of

oysters and the gathering of young oysters. In case a measure of this

kind should meet with difficulties and not be followed by the expected

results, spawn could always be obtained from Tuamotu. It is said that

mother-of-pearl is not at all scarce in the Tubuai Islands; but no im-

portant fisheries are carried on there. It is also stated that there are

in these islands places which are exceedingly well adapted to the or-

ganization of oyster-pares. These islands have greater resources than

the Tuamotu Islands, and the climate is more favorable. Emigrants

would therefore probably prefer them to the former.

Market in Francefor mother- of-pearl.—It remains to be stated briefly

by what means the French merchants of Tahiti think Tahiti mother-of-

pearl could be brought into our markets. It is well known that we
buy from England nearly two-thirds of the mother-of-pearl which our

industry consumes. At London a market is held every six weeks. In

Liverpool the markets are held according to the arrivals of mother-of-

pearl. It is sold by public auction. The business men of Papaete, from

whom I obtained information, are of the opinion that if a similar market

was created in one of our ports, all, or at least a great portion, of the

mother-of-pearl from our oceanic colonies would go there, provided that

all the vessels coming directly from Tahiti were exempt from the duty

of 40 francs per ton levied on mother-of-pearl by the colony.

Paris, France, May 28, 1885.
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XVIII.—AN EXPOSITION OF THE PRINCIPLES OF A RATIONAL
SYSTEM OF OYSTER CULTURE, TOGETHER WITH AN ACCOUNT
OF A NEW AND PRACTICAL METHOD OF OBTAINING OYSTER
SPAT ON A SCALE OF COMMERCIAL IMPORTANCE.

By John A. Byder.

Introductory.

The developments made within the last six years show that the solu-

tion of the most important problems in oyster culture, by means of ar-

tificial methods, starting with the egg, is possible. The question of

questions in oyster culture is, " In what way is it possible to certainly

secure an abundance of spat under conditions tvhich can be controlled, and

within such an area and at such a cost as will render it possible for persons

possessing the proper knowledge to undertake spat culture or the actual

propagation of the oyster as a business f "

This may seem an extravagantly sanguine view to take of the matter.

Nevertheless it is true that it is actually possible to begin at once, with

the knowledge now in our possessiou, and not only be successful, but

also be so to a degree which must completely revolutionize the business

of the bed culture of this mollusk in open waters.

L—Historical.

My own conuection with the oyster question dates from 1880, and dur-

ing the years intervening between the latter and 1885 the writer has

devised and had constructed no less than twenty forms of incubating

apparatus in which it was hoped to obtain spat from artificially fertilized

eggs, such apparatus ranging in size from less than a cubic foot to large

ponds four feet deep and several hundred square yards in area. The
basic idea in all of these except three was the use of filters with a con-

tinuous or an interrupted tidal flow of water through the apparatus
;

the function of the filters was to confine the fry in the inclosures.* In

none of this apparatus, except in one form of it, I am obliged to admit,

was it found that results of startling economic importance were obtained,

* The trouble with filters, of any form whatsoever, is that they soon clog and become

useless. They can therefore never be successfully used in any practical system of

propagation.

[1] 381
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and while this is true, it is also a fact that observations and results

were obtained which indicate that there is a feasible method of almost

unlimited productiveness ; all that is needed being the proper combina-

tion of conditions which it is now proposed to describe on the basis of

well-known facts which may be verified by any one who will take the

trouble to do so.

Besides devising the various forms of incubating apparatus, during

the interval of time mentioned, the writer, in conjunction with others,

used in his experiments no less than eighteen forms of collectors or

cultch in coves, ponds, and in the incubating apparatus, for the purpose

of affording the free-swimming fry surfaces to which itcould affix itself.

Some of these forms of collectors were previously used in France, Hoi

land, England, Portugal, and Italy, to obtain the spat of Ostrea edulis,

and long before any one had thought of introducing them into our own
country ; indeed, the use of cultch or collectors of various kinds has

been in vogue for a long period, in fact, if historical records are to be

trusted, since the days of the Caesars. The practice of strewing oyster

shells upon the sea bottom as cultch, to which some of the many bill-

ions of fry diffused through the water could become affixed, seems to

have been inaugurated by the French Government about 1851, under

the direction of Professor Coste, the distinguished embryologist of the

College de Prance. This practice seems since then to have fallen into

disrepute or partial neglect abroad, but has been practiced with such

magnificent results in this country that the method is now applied in

Long Island Sound, in the deeper water, on a scale which is without an

approach or parallel in any other part of the world. The principal in-

augurator of this system seems to have been Mr. H. C. Eowe, of New
Haven, Conn., who, about twelve years ago, began sowing shellsin deep

water. Ridiculed at first, Mr. Eowe has finally made such a splendid

success of his system that he sows as many as 100,000 bushels of shells

annually upon what is now probably the most colossal oyster-farm in

the world, embracing as it does about 15,000 acres of the bottom of the

sound, off the city and vicinity of New Haven.

While this system is eminently successful, it is also attended with

considerable risk, great quantities of shells being sometimes wasted in

consequence of the fact that in some seasons no set of spat whatever

becomes attached over large areas, owing to adverse conditions of

weather, currents, or the inroads of sediment, which coats the surfaces

of the shells and asphyxiates the minute embryos which have recently

become adherent to this kind of cultch. The same objection holds in ref-

erence to all the other kinds of collectors hitherto used. Strewing shells

on the bottom renders only their upper surfaces available, so that the

amount of spatting surface is meager to begin with. The under convex

surface of the shells is partly in contact with the bottom, and is largely

useless, while the upper or smooth side soon becomes coated with sedi-

ment, unless the currents are quite strong over the bottom. Other col-
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lectors, such as brush, tiles, slates, in their various modes of utilization,

are too expensive and give a too inconsiderable surface of attachment to

justify the outlay incurred in their construction as practiced in Europe.

The methods which make tiles available abroad are not the methods
which will justify their use in America. In Europe labor is cheap, and
oysters are so valuable that they are a luxury to be enjoyed only by the

wealthier classes. Not so in the United States, where the middle classes

along our eastern seaboard can consume the luscious Ostrea virginica as

part of their every-day fare without feeling that they are living extrav-

agantly.

Other investigators besides the writer have sought to develop some
method of artificial culture for the American oyster. Foremost amongst
these must be mentioned Prof. W. K. Brooks, of Johns Hopkins Uni-

versity, who, in 1878 and 1879, for the first time investigated the devel-

opment of our American species, using artificially fertilized eggs for the

purpose. Later, Lieut. Francis Winslow, U. S. N., associated himself

with Professor Brooks at Fort Wool, and actually operated two differ-

ent devices with that object in view. Another pupil of Brooks, the late

Henry J. Eice, also devised some apparatus for the purpose, and is, I

believe, the investigator who has maintained artificially fertilized em-

bryos of the oyster alive for a longer time than any one else. None of

these efforts have, however, so far as I can learn at this writing, yielded

results which were of direct practical application, or have been of suffi-

cient promise, when applied on a large scale, to justify their continuance

in their original forms.

About the same time, or during the period intervening between 1880

and 1884, investigators were busying themselves with a study of the

large dioecious Portuguese oyster, Ostrea angulata of Europe. The
first published account of the artificial fertilization of this species was
by an American, Lieutenant Winslow, who in 1880, while with an Ameri-

can man-of-war lying off Cadiz, Spain, obtained successful results with

the method of artificial fertilization first used by Brooks. Subsequently

M. Bouchon-Brandely, of the College de France, took up the subject

and carried on further investigations, and in his efforts to attain practi-

cal results reported very remarkable success in obtaining spat on a

moderately large scale. He, however, adopted a system which had been

previously used on a small scale by the writer. Subsequently, and un-

aware of what American investigators were doing, this experimenter

used the closed-circuit system devised by McDonald, but which the

French experimenter operated in a different manner.

Out of this grew the system of operating inclosed ponds with the help

of the tides during the years 1882 to 1885. But in consequence of a

radical misapprehension of the essentials of a rational method, I am
forced to admit that no results of great practical value were the imme-

diate outcome of any of these experiments. While the work has been

immediately fruitless, mediately it has not been so, for the light gained
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as the result of all the work of others, as well as my own, now enables

me to state with certainty why we have failed.

Failure is a barsh word, and it is a humiliating one as well ; but it

will soon be seen that we have been cultivating a lot of fallacies and

erroneous conclusions which led to it. In a word, we have neglected

to think about what we have observed, so as to elaborate a practical

theory of spat culture.

II.

—

Fallacies and elementary principles.

1. Where fixation occurs.—The fact that artificially fertilized oyster

fry would rise at a certain stage of development to the top of a tumbler

or beaker filled with sea-water, when allowed to remain undisturbed for

a time, has been supposed to have some bearing upon the question as

to how collectors should be disposed in the water ; that is, whether at

the surface or the bottom. It is now known that such a habit on

the part of the young fry when in perfectly still water does not indicate

that the collectors should be placed at the surface. On the contrary,

numerous facts can be cited to show that the fry will affix itself and be-

come spat at any level in the water. This was indicated by the results

of the closed circuit experiment conducted by Colonel McDonald and

myself in 1882, when in a small apparatus, covering not over a square

yard, we succeeded in getting fry 24 hours old to affix itself to the sides

of the glass vessels and old oyster-shells contained therein. In the course

of this experiment not less than 100,000 young oysters were adherent

at one time to the available surfaces inside this apparatus. No greater

success in obtaining adherent oyster fry from artificially fertilized eggs

has ever been recorded either in Europe or America.

Another set of facts, observed in 1883 at Cohasset, Mass., indicates

that fry will adhere in the open water in the same way. Pole buoys

were there found thickly covered with very young spat as far as they

were immersed. On some parts of these poles as many as 100 young

oysters might have been counted upon a single square inch of surface.

At other places in the same vicinity oyster and clam shells lying on the

bottom were thickly covered with spat, so that as many as 150 were

actually counted on a single valve.

The conclusion, therefore, is that fixation occurs at all levels, and

that cultch 1 foot below the surface stands as good a chance of having

a set of spat adhere to it as others at a depth of 30 feet. In other

words, spat can be obtained in the whole range of all three of the dimen-

sions of any given body of water. This is the first principle in a rational

theory of oyster culture.

2. Thesurfaces of collectors.—Another fallacious belief is that the fry will

adhere most readily to a rough surface. This conclusion was shown to be

erroneous in the experiments with the closed circuit apparatus at Saint

Jerome's Creek in 1882, as well as by all the facts observed at Cohasset

and Stockton in 1883. Anything, no matter how smooth it is, will serve
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as a spat-collector; in fact, the greatest number of spat ever observed

by the writer per square inch has beeu found on the smoothest possible

surfaces. The fundamentally important prerequisite in oyster ^culture,

however, is that all spatting surfaces shall remain clean for a long enough

time to allow the spat to become well established This, I would say, is the

second great and important principle, which is never to be lost sight of

in practical oyster culture.

3. Artificial fertilization.—A third erroneous conclusion is, that arti-

ficial fertilization is impracticable, and can yield no valuable results.

Large bodies of water may be artificially charged in all three dimen-

sions with embryos as effectually as a small body of water used in tbe

closed-circuit experiments. It has also been found that pumping sea-

water which is charged with embryos through a steam-pump will not

injure the oyster fry. Spat was obtained from water into which oysters

had spawned and which had passed through the steam-pump employed

to fill the supply tanks with the sea-wrater used in incubating fish ova at

Cherrystone in 1881. Several young oysters were found in the tanks

at the end of our season's operations, and doubtless many more would
have been found had a large supply of cultch been put into the tanks

when our work began.

It is, therefore, obvious -that, no matter in what way the water is

charged with embryos or fry, provided plenty of cultch is used, spat

will be obtained. This has been illustrated by the abundant set of spat

obtained from artificially fertilized eggs on the cultch used in the closed-

circuit experiments of 1882, and in the results of the pond system, in

which filters were used, from 1882 to 1885 ; and by the spat obtained by
us from native embryos at Cherrystone in 1881, and by Mr. Mather in

1885. Of the nature of the experiments of Brooks and Winslow in 1882

I am uncertain, but they also, I believe, obtained attached embryos on

shells laid in troughs, through which water charged with embryos was
allowed to flow. The embryos employed by them were, I believe, ob-

tained by artificial fertilization.

The remarkable set of spat observed at Cohasset, Mass., in 1883 may
be contrasted with the number of artificially fertilized embryos found

fixed to the sides of the jars and to the cultch contained in the closed-

circuit apparatus used in 1882, for I believe it may be affirmed without

overstating the case, that a greater proportion of artificially fertilized

embryos were found to be adherent in the last instance than naturally

fertilized ones in the first. The third principle determining success in

oyster culture will, therefore, consist in having the water used in spat-

collecting well charged either with native or with artificially fertilized, em-

bryos, or with both.

4. Condition of collecting surfaces.—It is well known that the cultch, in

order to be available or to afford an eligible surfacefor the existence of the

adhering fry, must be clean. This, I repeat, may be considered to be

a cardinal principle in practical oyster culture. If the cultch becomes
S. Mis. 70 25
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thickly coated with vegetable life, such as filamentous algie, or diatoms,

or with incrustiug animal life, such as bryozoa barnacles and aseidians,

ooze or sediment, the chances for the survival of the adherent fry and

its capability of growing into spat is greatly diminished or rendered

quite impossible. Diatoms will very often increase on such surfaces

with prodigious rapidity, and form a thick coating which will greatly

interfere with .the life of the very first adherent stages of the oyster.

In fact, the latter are asphyxiated in prodigious numbers from such

causes.

5. Why oyster fry adheres to the lower side of collectors.—Another fal-

lacious belief which has gained some currency is that the fry will ad-

here to the under surface of collectors or en Itch more freely and in

greater numbers than to the upper surface. This is apparently but not

actually true. The reason that more spat is found on the under side of

the collectors is simply because the sediment deposited on the cultch

from the water by the action of gravity will fall only on the upper and

not on the under surface of the collectors. In this way it happens that

the fry which adheres to the upper surface of the cultch is soon smoth-

ered, while that on the lower survives. It will be readily understood

that it is a very easy thing to smother an organism which is sedentary

like the diminutive young oyster, since it at first measures only ^th
of an inch in diameter.

6. Light.—This brings us to the question of light and the part it plays

in the life of the infant oyster. Light seems to be of subordinate im-

portance, for it has been found that the fry which adheres to the under

and shaded side of the cultch, if the conditions are otherwise favorable,

will grow just as rapidly as that found on the upper side in the direct

light. Indirect light, therefore, seems sufficient for the purposes of the

health of the animal.

7. Density of water.—The density of the water is also to be considered

in relation to the hygiene of the oyster. It has been found that it can

exist in water barely more than perceptibly saline, or in water having

a density nearly equal to that of the ocean. While it may be said that

its favorite abode is in bays, inlets, and the mouths of rivers adjoin-

ing the sea, and in which the density, as measured by the hydrometer,

would range from 1.003 up to 1.0235, the writer has himself found oys-

ters living in this great range of densities, or in water little more than

brackish on up to that which is not far from as saline as that found

in the open ocean.

It appears also to be a fact, though I give it as such with some hesi-

tancy, that the greatest amount of spat falls in water having a density

ranging from 1.014 to about 1.022.

8. Bathymetric distribution.—The bathymetric distribution of the ani-

mal ranges from the shore line to a depth of probably ten or twelve

fathoms. Deep-water culture is now becoming a prominent and profit-

able feature of the ©yster industry in Long Island Sound, since its feasi-
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bility has been so . thoroughly tested by Mr. Eowe. Where the tide

rises and recedes from natural banks, thousands of the animals are

often exposed for several hours during low tide without apparent in-

jury. The animals, under such circumstances, when the tide recedes

apparently retain sufficient sea-water between their valves to meet the

demands of respiration during the time they are uncovered.

9. Horizontal distribution.—Their range of distribution along the east-

ern coast of the United States is from Damariscotta Bay in Maine south

to Florida and the Gulf of Mexico. The most important beds indus-

trially are those of Long Island Sound, Ghincoteague, Delaware, and

Chesapeake Bays, and their tributaries. The States of Maryland and

Virginia possess the greatest area of natural beds, though the impor-

tance of the still more southern beds is probably not yet fully appre-

ciated.

10. Influence of temperature.—The temperature of the water in which

the oyster ordinarily exists throughout the year ranges from something

under 32° to 90° Fahrenheit. On the exposed banks in shallow water

many are frozen during the winter, and it appears that if they thaw out

slowly, freezing does not usually injure them.

In summer, or during the spawniug season, the temperature of the

water ranges from about 60° Fahrenheit to 90° Fahrenheit. The usual

temperature, however, is from 60° to 81° Fahrenheit. When the tem-

perature falls below 65° Fahrenheit the development of the embryos is

greatly impeded, in fact, it almost ceases; whereas, at a temperature

ranging from 74° Fahrenheit to 80° Fahrenheit it is very rapid, so that

in three to ten hours from the time of the fertilization of the eggs they

have advanced as far as the swimming or veliger stage, and have ac-

quired a larval shell. Cold rains frequently kill a great deal of fry dur-

ing the summer. Other meteorological disturbances, such as violent

thunder-storms, have also been found to be injurious or fatal to young

oyster embryos. The fifth principle to be borne in mind in successful

oyster culture is, therefore, the following : That the prevalent temperature

of the water during the spawning season shall range from about 68° to 80°

Fahrenheit.

11. Food of the fry and spat.—The food of the fry, £pat, and adult

stages of the oyster is also au important matter. That of the fry con-

sists of the most minute organic life to be found in sea-water, such as

Bacteria and Monads. Many of the food balls found in the intestine of

the recently attached spat will measure under ToTrooth of an inch in

diameter. The cavity of the little creature's stomach measures only

asV^th of an inch. Yet in this minute digestive cavity the food is ac-

tually found rotating in the form of minute rounded and oval bodies,

which are kept in motion by the action of the cilia which line the stom-

ach. That these bodies must have been of about the size noted when

they were originally swallowed and as seen rotating in the stomach, is
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evident from the fact that the young- oysters, like the adults, are wholly

without teeth or triturating organs of any kind.

This minute kind of vegetable and animal food is found more or less

abundantly in all sea-water, and is especially abundant during the

spawning season, when the decomposition and disintegration of all kinds

of minute organic debris floating about in the water is in rapid prog-

ress, owing to the prevalent high temperature of the air and water.

It is therefore probable that very few otherwise suitable locations exist

where it is not possible to find an abundance of the proper sort of food

for the oyster during its very earliest stages of growth.

12. Food of the adults.—The food of the slightly more advanced spat

and the adults is found to consist of diatoms, rhizopods, infusoria of all

kinds, monads, spores of algre, pollen grains blown from trees and plants

on shore, their own larvae or fry, as well as that of many other mollusks,

of bryozoa and minute embryos of polyps and worms, together with

other fragments of animal or vegetable origin, and sometimes even

minute crustaceans. In variety of food, the oyster therefore has a wide

range of choiee. There are also few locations otherwise well adapted

which will not supply an abundance of food for the animal, which, it is

to be remembered, captures and hoards millions of these minute plants

and creatures in its stomach, where they are digested and incorporated

into its own organization. It therefore follows that when we eat an

oyster we are consuming what it required millions of the minutest organ-

isms in the world to nourish. The oyster is consequently a sort of living

storehouse for the incorporation and appropriation of the minute life of

the sea, which could never be rendered tributary to the food-supply of

mankind in auy other way except through the action, growth, and or-

ganization of this mollusk.

13. The value of coves.—It is true that partially land-locked coves or

inlets with narrow mouths are favorable to the production of the minute

life upon which the oyster feeds, and it is in such locations that some

of the finest oysters are grown. But oysters of excellent quality are

also grown in deep water, as the experience of Mr. Eowe has shown.

14. Greening.—I formerly supposed that green fleshed oysters were

confined to beds which were located in narrow coves or inlets; in fact,

there seems to be a predisposition to develop the green-fleshed condi-

tion when oysters are cultivated in ponds or claires. Eecently I find

that my original conclusion must be modified, as I have found that

green-fleshed oysters are found in open water and at a depth of 4 to

5 fathoms. As already stated elsewhere, this condition is now well-

known to arise from the absorption of the coloring matters in certain

kinds of food which is consumed by the animal, and that the latter is

in no way impaired or rendered hurtful as food. (See note X, in Ap-

pendix.)

15. Effects of currents.—The effects of currents of water are also to be

taken into account. When a current sweeps around a gravelly, shelly
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point of the shore, and if, under these circumstances, the water be well

charged with floating fry from adult oysters in the vicinity, the set of

sp;it will often be very abundant. This is especially the case where the

tidal currents are strong enough to make such points act as jetties

and keep the sediment and debris from lodging on the cultch so as to

cover it up. Such natural conditions are presented by projecting grav-

elly points along the shore and on the buoys in the channel near Co-

hasset, Mass. So constantly has it been found that oyster-spat catches

or falls in abundance on the gravel at that place that oystermen

were formerly in the habit of going there to obtain the gravel after it

was covered with spat for seeding purposes. We actually behold here

in operation, under natural conditions, processes which can be imitated

on a large scale by artificial means, with such success as to make us

wonder why some such method as the one presently to be proposed

was never applied before.

16. Effect of currents on fixation.—It may be asked, however, will the

young fry attach itself to a fixed collecting apparatus where the current

of water is running rapidly through the latter ? it might be supposed

that where a rapid current was sweeping over the cultch it would
have no chance to become affixed, but this is a mistake, for I have found

that spat will become affixed to a stationary object just as abundantly

in a current running several miles an hour as when the water is com-

paratively quiescent. This was also verified in the closed-circuit experi-

ments made in 1882, when the artificially fertilized embryos were kept

in constant motion. Similar results were, 1 believe, obtained by Brooks

and Winslow in another apparatus, in which the water charged with

embryos was kept continually moving. All of the facts, therefore, which

have been observed both under natural and under artificial conditions,

indicate that rapid movement of the water which is charged with em-

bryos does actually in no way interfere with the fixation of the fry ; on

the contrary, it rather seems to favor fixation.

Currents of comparative rapidity and force do not detach the quite

recently affixed fry, as has been shown by me as the result of other di-

'

reet experiments and observations.

17. Utility of artificial fertilization.—The artificial fertilization of the

eggs may also be expeditiously accomplished with certainty to the num-
ber of billions at a time, so that, besides the chances for obtaining spat

from water charged with embryos by natural means, we are enabled to

add greatly in favorable weather to the number already in the water.

The chances to obtain spat may thus be doubled or even quadrupled by
the aid of artificial methods.

18. Causes destructive of embryos.—Great losses ofembryos are d oubtless

sustained under natural conditions from the circumstance that millions

of billions of eggs and embryos either sink into the mud to be irrecov-

erably lost, or many ova are never even impregnated. Under artificial

conditions these embryos may be reared to the swimming stage and
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brought so far along as to diffuse themselves through large bodies of

water. That such diffusion actually does take place is shown by the

fact that the oysters lying at the bottom of the water at Cohasset threw

off embryos which swam up through 2 fathoms of water so as to reach

and adhere to the pole buoys as far as they were immersed.

19. Conditions at Fortress Monroe.—At Fortress Monroe the oysters

which are attached so thickly to the walls of the moat are wholly de-

rived from floating fry, and it is instructive to observe that on the

muddy bottom of the moat there are neither old nor young oysters, be-

cause ihe conditions for their existence are not present there. Here

the walls of the moat form a natural collecting surface, and as the tide

ebbs and flows the conditions favorable to their existence are present,

just as on natural banks the old oysters form natural cultch upon which

year after year spat falls ; then as the bank becomes higher and higher

the tides sweep the surfaces of the shells clean and afford the spat a

chance to survive, but at the expense of the life of the old oysters be-

neath, which are finally covered and smothered by the young growth.

20. Nuclei of natural banks.—As far as I have been able to discover,

the nucleus of a natural bank is always some mass of cultch which ex-

isted naturally on the bottom or has been placed there intentionally or

unintentionally by man. This may be illustrated by several sets of fact s

which have either fallen under my own observation or have been com-

municated to me by reliable persons. In one case a heap of shells

thrown down on the bottom in Cherrystone River became the nucleus

of a well-defined bank or reef in two years. In another case a dense

cordon of pine brush stuck down into the bottom in Mobjack Bay be-

came the nucleus of an oyster bank or reef. In the vicinity of 2sTew

Haven brush stuck down into the river bottom, forming a dense sort of

chevausc-de-frise, has been found a profitable type of collector.

21. Position of natural banks.—Natural beds or oyster reefs tend to

have their long axes extend across the channel, as I have noticed in

several places, and such banks also become longer and greater in area

if properly worked. They tend also to become higher, so that eventu-

ally at low tide the oysters are left by the tide for several hours at a

time; this is due of course to the fact that the last generation becomes

the cultch for the next one. Such banks also doubtless arise upon ridges

of gravel on the bottom, or are developed on gravelly shoals running

out from the shore. This seems to have been the history of several

which I have examined. In all, the one same set of favorable condi-

tions seems to have been present.

22. A firm bottom necessary.—A fixed bottom or basis of attachment

must exist where oysters are expected to thrive or develop spat.

Shifting deposits of sand, mud, or ooze are always fatal if the deposit

reaches any considerable thickness. A firm or hard bottom is therefore

a prime condition in oyster culture. If cultch is thrown on a soft,

muddy bottom, it would have been far better had the oyster culturist
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allowed it to remain on shore, where it would at least not have been

altogether useless. h\ many cases it is necessary before planting that

the bottom be prepared by dumping gravelly, firm loam over it before

attempting to plant either oysters or shells on it, so that it may be firm

enough for the purpose. In other cases dredging might be resorted to

with advantage, but that would depend upon circumstances; whether,

in fact, it could be done at a justifiable cost.

23. Spatting in narrow channels.—Another remarkable combination of

conditions under which a fall of spat occurs may be here cited in partial

illustration of the system of spat-culture to be developed in the sequel.

At Wood's Holl, Mass., Mr. J. S. Fay some years ago planted some

oysters in almost land-locked ponds owned by him, and in which the

density of the water ranges from 1.012 to 1.020. An outlet from these

ponds consists of a little water-course which is not much over a foot in

width and 6 to 8 inches deep at any part of its extent. In the bottom of

this water-course there are a great many loose stones and pebbles, and

upou these oyster fry has adhered in considerable numbers. In this case

what would at first appear to be very unfavorable conditions for the

adhesion and development of oyster fry are, on the contrary, found to be

quite favorable.

24. Critical periods during the spawning season.—There are critical pe-

riods or crises during the spawning period when the larger proportion

of the spatting of one season occurs. Somewhat prolonged observation

indicates, as far as my personal experience goes, that these crises occur

during the latter part of July and early part of August. According to

the observations of Brooks and Winslow the critical period when the

greatest amount of spat falls is somewhat earlier farther south, perhaps

a week or ten days. In order to get the best results from the use of

collectors of any form, it is therefore desirable that the cultch should

be exposed to the fry at about or just before the time mentioned, other-

wise the best portion of the season will be lost to the propagator. An-

other reason why the cultch should be put down during or immediately

preceding these critical periods is that the accumulation of slime, diatoms,

and sediment on the cultch is avoided during the most important part

of the spatting period.

The accumulations of diatoms on the collectors are especially nox-

ious and hurtful to the recently fixed fry, since, together with the hordes

of microscopical, boat-shaped organisms known as diatoms, there rap-

idly develops a slimy, transparent pellicle on recently submerged ob-

jects which soon reaches a thickness of at least one-sixteenth of an iuch.

This pellicle is sometimes quite clear and transparent, like the white of

an egg, and contains besides vast numbers of frustules of diatoms in-

numerable multitudes of still more minute organisms resembling Bac-

teria. The accumulation of this pellicle is usually only a matter of a

few days, and is probably more hurtful to the very early stages of the

oyster than all of its other enemies combined.
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I believe, in fact, that under ordinary conditions a hundred or a thou-

sand times more fry actually adheres than can ever reach even the con-

dition of spat, on account of the asphyxiating- effect of this coating or

pellicle which rapidly develops over the surfaces to which spat is ad-

hering.

25. Summary.—The foregoing statements of notices, principles, and of

observations made, where human agency had and where it had not af-

fected the results, must now be depended upon to yield us an answer
to the question whether spat-culture will be feasible and profitable or

not. I think we will be able to show that all of the methods hitherto

applied were founded on a partial or total misapprehension of the es-

sential principles which should have controlled the choice of the plans

upon which the work was to proceed. Following in the wake of the

Trench, we adopted an inefficient system of collectors, because these

were too scattered to attain results of the greatest possible value, or if not

too much scattered, they soon became too thickly coated with sediment in

most situations to be of service as collectors. In order to remedy both

of these defects, it is proposed to break away entirely from the effete and
antiquated methods of Europe. The American system of sowing shells

appears to be profitable, but, as already stated, the planter is not get-

ting the benefit of the whole surface of the shells sown, besides running

the risk of having them covered with sediment. To obviate all of these

difficulties, and to actually come into competition with the system of shell-

sowing in deep water, we must proceed to abandon all old methods, con-

dense our cultch so as to have the greatest possible quantity over the smalle'st

possible area, and finally, have that so arranged that, the currents developed

by the tides in consequence of the peculiar construction of a system of spawn-

ing ponds and canals will keep the cultch washed, clean automatically.

Unless this can be done, all systems of pond or cove culture for the

purpose of obtaining spat must unhesitatingly be pronounced failures.

The foregoing is the present status of the whole question, and, after

stating as fully as I have at the outset what are the conditions, we are

now ready to present the plans proposed to carry them out. In doing

this we have plain, simple facts and principles to guide us, provided

that we always have an abundance of floating fry and that we provide

means which will direct it against or upon our cultch at the critical

moment of its existence, or when it is ready to affix itself. The great-

est source of loss in the culture of the oyster arises through our inabil-

ity to give the billions of larval oysters which are annually wafted

about by the waves resting-places where they may become manageable
spat.

III.

—

The new methods of 'spat-culture.

{A) The method, as adapted to canals or sluices in which the cultch is

placed in masses, with jetties at intervals.

The first form in which 1 propose to inaugurate the new system of

spat-culture which has grown out of the principles already developed,
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consists, essentially, iii condensing the cultch or collecting apparatus

in such a way as to expose the maximum amount of collecting sur-

face for tbe spat to adhere to within the least possible area. This may
be achieved in tbe following manner: A pond, X, as shown in plan

and elevation in Plate I, is constructed with a long zigzag channel,

s, connecting it with the open water. The pond ought to be, say,

40 to GO feet square; the channel, .9, may be, say, 3 feet 3 inches

wide, as shown in the diagram. Tbe vertical bunks, z, between the

zigzag canals running to the open water might be 3 feet in. width.

Tbe sides of the canals ought to be nearly or quite vertical, and the

earth held in place with piles and rough slabs or planks. The direct

inlet to the pond at I, might be provided with a gate, and the outlet of

the canal, where the latter connects with the open water at o, might be

provided with a filter of moderately fine galvanized-wire netting and a

gate—the first answering to keep out large fish and debris, and the lat-

ter to close under certain circumstances, or when violent storms de-

velop strong breakers. The accompanying plan and sectional eleva-

tion, as shown in Plate I, will render the construction of such a. pond

and system of collecting canals clear.

Into the pond, X, I would put an abundance of spawning oysters, say

100 bushels, if the pond were 40 feet square, and 200 bushels if it were

GO feet square. But instead of throwing the oysters directly upon the

bottom, I would suggest that a platform, P, of strong slats, be placed

over the bottom of the pond at a distance of 8 to 10 inches from the

earth below, upon which the oysters should be evenly distributed. This

arrangement will prevent the adult oysters from being killed by sedi-

ment, and also afford a collector in the form of a layer of shells to be

spread over the platform, and give the fry a better chance to escape

without immediately sinking into the ooze below.

The mean depth of water in the pond and canals ought not to be less

than 3£ feet, and the bottom of the pond and canals should be cut to

the same level, with a view to get the full benefit of the tides.

The method of operating such a system will now be explained. The

pond X is supplied with the above specified quantity of good spawn-

ing oysters, which at a low estimate ought at the rate of fifty females

per bushel, to yield from one hundred to two hundred billions of fry

during the time the cultch may be in position in the canals. If, how-

ever, the oysters were very large selected ones, fully twice as much fry

ought to be thrown out by them, or fully two to four hundred billions.

This enormous quantity of embryos must, unless it finds some objects

to which to attach itself, be irrecoverably lost. In order, therefore, to

provide it with a nidus for the purpose of fixation, an extensive system

of collectors is provided in the channel s. These are figured in detail

on Plate II, tbe first being an end and the second a side view, and

the third a plan. These are essentially flat baskets with wooden ends,

and with the. bottoms and sides formed of a very coarse kind of gal-
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vanized iron wire netting, with 1 to 14 inch mesh. At the top they

are open, and on either side a strong strip or scantling- is secured and

projects out past the ends of the box or receptacle to afford a means of

supporting the whole upon scantling or ledges seemed near the tops of

the sides of the canals s. These projections of the strips are also in-

tended to afford handles by which two men may lift and move the appa-

ratus about. The uprights at the ends and the horizontal cross-bars

are intended to enable the culturist to vibrate the, box and its contents

in the water of the canal without lifting it out and in such a way as to

wash off any injurious accumulation of sediment not swept away by the

action of the jetties presently to be described.

These baskets or receptacles are open at the top and are intended to

be filled with clean oyster or clam shells as cultch for the spat. They

are each to hold about 3 bushels of shells, a quantity as large as can

be conveniently handled by two men. One hundred of these will there-

fore contain 300 bushels of cultch ; though I actually believe that four

hundred such boxes, or 1,200 bushels of cultch through which sea-

water charged with fry thrown off by 100 bushels of spawning oysters

would pass would not afford too great an amount of spatting surface,

because we have shown on the basis of actual observation, that a body

of water adapted to oyster culture is capable of yielding spat through-

out all of its three dimensions.

These boxes or frames, after they are filled with the cultch, are sus-

pended in the canals, the cross-section of which they should nearly fill

at low tide. They are placed with their widest dimension across the

canal, sO that during the rise and fall of the tide the water has to rush

through them no less than four times daily, and as the water is thor-

oughly charged with embryos, the greatest possible opportunity is af-

forded the young fry to affix itself.

In order to still further guard against the accumulation of sediment

it is proposed to place jetties across the canals, as shown in the ground

plan at the points;. These may consist of boards, forming a frame,

which may slide into or be secured by vertical ledges fastened to the

sides of the canal. These jetties may have one or two wide vertical slots

in them, through which the tide will be compelled to flow with augmented

velocity, and thus scour the sediment off of the cultch contained in the

suspended boxes or frames on either side of them. Such jetties may
be placed at intervals along the canal, and they might be made mova-

ble so as to be changed in order to affect other sets of boxes of cultch

at other points along the sluice.

The system of canals as shown in the plans should hold about 400

receptacles filled with shells, or at least 1,200 bushels of cultch. In

practice I think it probable that even a longer system of canals will be

found available, but it must always he borne in mind that the area of

the pond must not very greatly exceed the total area of the system of

canals, or else so much more water will run out of the pond at every
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ebb of the tide that a great many embryos will be carried past the sys-

tem of collectors in the canals into the open water and be entirely lost.

There is, consequently, a very good reason for having the areas of the

two nearly equal.

The preceding system of culture, it will be obvious, is only an appli-

cation of principles well established and based upon the observation of

the actual behavior of oysters under natural conditions, as observed at

Fortress Monroe, Saint Jerome's Creek, Wood's Holl, Cohasset, and
Long Island Sound.

The spawning ponds after the season is over may be used for fatten-

ing choice oysters for market, as they will actually hold about the quan-

tity stated at the outset of this chapter. They may also be used in con-

nection with another modification of the method of using cultch much
crowded together or condensed, to be described later on.

The cultch may, without harm to the spat, be allowed to remain in

the suspended receptacles in the canals until the first or middle of Oc-

tober, when it should be taken out and spread upon the bottom on the

open beds where it is to grow larger. The reason for allowing the cultch

to remain so long in the boxes is because spatting under favorable con-

ditions continues for not less than ninety days, or from July 1 to Oc-

tober 1, so that all of this plant should be in working order by the first

of July.

This system is especially well adapted for the work along the Chesa-

peake, and I know of no better location for the construction of these new
devices for spat-culture than the United States Fish Commission station

at Saint Jerome's Creek, in' Saint Mary's County, Maryland. At that

place the equipment and conditions already in part exist for its realiza-

tion at far less cost than in any other place which could be occupied by
the Commission for the work at present.

(B) The new method of condensed spat-culture as conducted in a series

of tanks filled with cultch.

In this modification, the sea-water, charged with an abundance of

free-swimming fry, is pumped through a series of troughs filled with

cultch, the method being founded on the accidental results obtained

in 1881 at Cherrystone, Md.
The water from the spawning ponds, or from vats charged with arti-

ficially fertilized fry, is pumped by means of a steam-pump or a pump
operated by a wind-mill, into an inclined tank, shown in elevation and
in plan in Plate III. Such a tank inclined at an angle of about 15° may
be 45 feet long, ten feet wide, and 1 foot deep, and may be subdivided into

fifteen compartments transversely, each of which would be about 3 feet

"in width. The transverse subdivisions within the tank should be two

or three inches lower than the sides so as to allow the water to run

from the highest to the next lower one in succession, and finally into the

lowest compartment, from which the water would run back into the

spawning ponds, or the vats containing the embryonized water. Each
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of the successive compartments is filled to the water-level with cnltch,

preferably oyster- shells, upon which the spat will adhere. Such au ap-

paratus, containing 180 to 200 bushels of cultch, would be as efficient

as the same amount in the system of canals in connection with spawn-

ing ponds, with on«ly the disadvantage of having to use some kind of

power in order to pump the embryouized water through it instead of

depending upon the tides to operate the plant automatically. It might

also cost relatively somewhat more to keep in repair than the system of

ponds and canals.

Taps or plugs might be arranged in the bottom of each of the com-

partments to draw off any accumulations of sediment which would col-

lect in them.

Another system of tanks through which a continuous flow of embry-

ouized water might be kept running is also submitted in elevation and in

plan, in Plate IV. This consists of a series of ten troughs, a to 7.-, which,

as in the preceding system, are supported on a framework of tressels.

The embryouized water, from the spawning ponds or vats, is pumped

into the highest trough, a, and runs into a narrow compartment at one

end of the tank, as shown in section in the sectional elevation. This

narrow compartment opens below into a space covered by a sloping per-

forated partition or bottom. The cultch is placed in the trough so as

to cover the perforated false bottom, and is to fill the trough evenly

within half an inch of the water-level, which is determined by the height

of the board at the other or outflow end of the trough where the water

pours over a chute into the next trough below. The object of the per-

forated bottom is to cause the embryos to be distributed and be brought

into contact with the under side of the shells or cultch. After the water,

charged with free-swimming embryos, has passed through this chain of

troughs it is returned to the spawning pond connected with a canal sys-

tem, or back into the ponds or vats in which artificially fertilized em-

bryos have been poured.

Each of the troughs of this system measures 12 feet long, G to 8 feet

wide, and 1 foot deep. It is undesirable to make them deeper for the

present, as it is doubtful if sufficient light would penetrate through a

very much deeper layer of cultch. Their aggregate capacity would be

from 100 to 150 bushels of cultch, or very much less than could be ac-

commodated in the system of canals.
v

I believe, however, that there

would be more complete control. This system could be operated with

great expediency at Wood's Holl, where the experiments of this year

have very conclusively shown that oysters will live, thrive, and increase,

some individuals from Long Island Sound having made a new growth

of a quarter of an inch in the short space of a month. It is especialiy

desirable to conduct the work of spat-culture at Wood's Holl, in the

lower floors of the new laboratory and residence, where the facilities for

obtaining an abundance of sea-water are unsurpassed. This is all the

more easily done now that our experiments in transplanting oysters to
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that place have been so successful, but where they have never hereto-

fore been to any extent indigenous.

It is also very important that the tanks or troughs be operated on an

extensive scale at Saint Jerome's Creek station, in connection with the

system of spawning ponds and canals containing the new system of

collectors. The efforts which are to be made now, after we have so far

worked out the details and principles, are simply those of routine, and

it is to be hoped that no pains will be spared to push the construction

of the necessary plant to completion at both places as rapidly as pos-

sible, and in abundant time for the beginning of the spawning seasou

on the 1st of July, 188G.

The method of pumping embryonized water, or water containing oys-

ter embryos, through shells, was resorted to by Brooks and Winslow in

1882, the apparatus used by them being still in existence among the

stores of the Pish Commission at Wood's Holl. The same year McDon-

ald's apparatus was operated, and in that adherent fry was obtained,

to our delight and astonishment, 24 hours after its fertilization. In that

apparatus the same body of water was constantly kept circulating by

hand. In Bouchon-Braudely's apparatus the water charged with em-

bryos was operated by means of a pump, and I think about the same

time. These details are given as matters of history, in case there should

be any disputes in the future as to who was the first to use such meth-

ods. Each one of these experimenters devised his apparatus inde-

pendently of the other, and in ignorance of how any one of the others

was working, so that there could have been no unrightful appropria-

tion of ideas on the part of any of them.

But all of these experiments, I am now satisfied, wereconducted on too

meager or limited a scale to be very decisive in character, but they have

served to indicate what are the proper methods to be adopted. Large

quantities of cultch and large and continuous supplies of fry from large

quantities of oysters were never used in any of these experiments such

as it is now proposed to use in the further prosecution of the work.

Whatever results we see accomplished under favorable conditions in

nature can be just as readily accomplished under conditions which may
be supplied by the ingenuity of the cultivator, if he is guided by the

proper preliminary knowledge. If any one were to inform me that I

could not produce even more satisfactory results in collecting spat than

are to be seen occurring naturally in the moat at Fortress Monroe, I

would simply tell that person that he knew nothing of the conditions

determining the nature of the problem which he pretended to regard

as incapable of solution.

What Ave must do to-day is to adapt such means to the solution of

the oyster problem as will render them applicable in practice. The
American cultivator does not get the price obtained by the French or

Dutch oyster farmer, nor can he for a long time to come expect to, for

the reason that the aggregate area upon which the American oyster is
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cultivated or indigenous exceeds by many times that upon which the

European species is either native or cultivated. The European methods

of using cultch, such as tiles, slates, brush, fagots, &c, are too expen-

sive, too elaborate, for our practical people. We must reap in quantity

what they reap out of the high price of their product. Under the cir-

cumstances there is no possible way of solving the greatest question

which now exercises the oyster-growers of this country, but to put into

their hands a method by the aid of which they can get all the spat they

wanton their own lands and from the spawn of their own oysters.

This we propose to accomplish with the apparatus described above.

The cost of the entire plant requisite is a mere trifle compared with the

results to be gained by its use. In order to show that the method is prac-

tical, I will state some of the results of previous experiments with collect-

ors at Saint Jerome's Creek iu 1880. I arrived there on the 19th day of

July in that year, and on the 22d of the same month had some collect-

ors in place in the open water and coves. I continued to put out collect-

ors until towards the middle of September, but in nearly every case it

was impossible to direct the water charged with embryos directly upon

the collectors as it is proposed to do by the help of the new method, yet

in almost every case I obtained a set of spat on these collectors, some

of the young oysters on the latter by the first of November measured

nearly two inches in length. It was then that I first noticed the dispo-

sition of the spat to adhere to the under or clean side of the cultch and

also to surfaces which were vertical and their indisposition to adhere

to the dirty upper surfaces of the slates, &c, which were used.

Enough spat was obtained that season to prove that it could be prof-

itably collected in that way provided we had a sufficiency of such within

a limited area so as to condense our cultch and get more spat on a smaller

area. Many of our collectors during that season soon became heavily

coated above with sediment (as much as an inch in depth being deposited

in two months), so that such surfaces were rendered valueless forour pur-

pose. Had we instead been able to expose one hundred times as much
collecting surface within one tenth the space covered by the apparatus

used that season, the oyster question would have been settled that year.

The subsequent experiences which were obtained there and at other

places, however, have served to indicate that still other supplemental

conditions were necessary, viz, (1) such that would enable us to direct

the water charged with embryos direct upon the cultch, and (2) such

a utilization of the tide and construction of the receptacles for the cultch

as would enable us to keep the latter clean.

In order to realize the spat-yielding capabilities of any given body of

water to its fullest extent, and throughout its three dimensions of length,

breadth, and depth, the cultch must be distributed as evenly throughout

those same three dimensions as possible. This implies the concentra-

tion or condensation of the cultch or collecting apparatus to an extent

never before attempted. The new method here proposed will then mark
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the third period or stage of the development of oyster culture. The
first one is the laissez-faire stage of the industry, now largely prevalent

in this country. The second stage is the ordinary method of shell sow-

ing.

The advantages of the method of using the cultch in concentrated

bodies, giving an enormous amount of surface for the spat to adhere to,

are, that it can be conducted on the land owned by the culturist him-

self, and with the spawn thrown off by the oysters belonging to him.

lie is therefore not bound by any arbitrary oyster laws now existing to

conform to what are, generally speaking, very inefficient and often ab-

surd conditions. The new method puts it in the power of the culturist

to rear his own seed for planting, and if he is so disposed he may put

down an excess of cultch, which he can sell after it is covered with spat'

to the owners of the open beds in his vicinity. It involves compara-

tively little outlay to put down a plant which will accommodate 5,000

bushels of cultch, or enough to seed from 20 to 30 acres for the first

year. Such a system would be of great practical utility in the region

of the Chesapeake Bay, where there are very extensive areas upon

which, with very inexpensive excavation, the plant for conducting this

method of culture could be organized.

At places like Wood's Holl it would also be possible to organize the

system of using the cultch in concentrated form, so that if the locality

did not actually afford the means of extensive bed-culture for market,

it would in many instances become available for the purpose of rearing

spat to be planted in available localities near by.

IV.

—

The function of artificial fertilization.

As stated in the introductory portion of this paper, the utility of arti-

ficial fertilization of the eggs of the oyster is unquestionable, but I

would not give it either the principal, nor yet a subordinate place in

my system of spat-culture. We know, for example, that 100 bushels of

good oysters ought to yield at least 100 billions of fry. While we can-

not possibly prevent a very large percentage of this astounding yield

of embryos from being lost, it would be very poor economy indeed not

to avail ourselves of such a convenient and constant source from which

to obtain embryos under natural conditions. So I propose that we use

the natural yield thrown off by the adult oysters, but in addition call in

the aid of artificial fertilization to supplement the supply of fry yielded

naturally.

Into the spawning ponds and system of canals, in which the cultch is

suspended, the tide will ebb twice and flow twice every day. In other

words, the water charged with embryos is changed over the collectors

lour times iu every twenty-four hours. During ninety days, or as long

as the spatting season lasts, the water surrounding the collectors will

have been changed or shifted about 360 times, A During the ebb tide
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the fry will be carried out of the pond into the canal, and thrown into

contact with the collectors twice daily. When the flood tide again re-

turns the water to the pond from the open bay a large part of the fry

will be carried back into the pond again, and away from the cultch or

collectors. It is during the flood-tide that I would therefore commend
the practice of putting artificially-fertilized embryos in the swimming

stage of development into the outlet of the canal to be swept back

amongst the collectors toward the spawning pond.

The artificially-fertilized embryos should be taken from the adults by

gentle pressure with a pipette and dropped into a dish of clean sea-

water so as to discover by means of the " drop test," when male and

female products were obtained so as to make sure of artificial fertiliza-

tion. In a favorable temperature and suitable weather they will reach

the swimming stage in three or four hours, when they may be poured

into the canal system, or into the spawning vats or ponds used in con-

nection with the troughs filled with cultch through which embryonized

water is being pumped. This is an important point,, as the chances for

the adhesion and survival of the fry after it reaches theswimming stage

are very greatly increased.

Another way of providing fry in the canal at all times would be to

place a half-dozen good spawning oysters in every receptacle for cultch

so that an abundance of embryos would be constantly wafted back and

forth in the canal. Even then I think it would be advisable to use arti-

ficially-fertilized spawn as supplementary to that thrown off in addi-

tion from the oysters contained in the receptacles filled with cultch.

This would" render the operator trebly sure of results. The importance

of artificial fertilization is shown by the facts established as a result of

the experiments with ponds, into which and out of which the water

passed through filters of sand, at Stockton in 1883, and at Saint Jerome's

Creek in 1884 and 1885. As the spat obtained in these ponds was en-

tirely derived from fry which had been artificially fertilized, there can

be no doubt of the efficiency of artificial fertilization.

V.

—

Coating the cultch with a detachable covering of limb
OR CEMENT.

Coating the cultch with a layer of lime and sand, or lime, cement, and

sand, cement alone, or cement in combination with various other sub-

stances, such as ox-blood, as proposed by Dr. Kemmerer, may serve an

excellent purpose, and might even be necessary where the spat became

so thickly crowded together as to be killed as a consequence of over-

crowding. Under ordinary circumstances, however, where only one or two

young oysters adhere to a single shell, there would be no need for any

such detachable coating, as there would be no danger from overcrowd-

ing. Nevertheless, where as many as fifty or one hundred spat become

attached to a single shell such a coating would probably be found nee-
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essary, as under such circumstances^ it would simply be impossible for

any but a .small proportion of the entire set to survive beyond a month
or so. In case such overcrowding should occur on the cultclfuscd in

the collectors employed in the canals or troughs, it would probably be

best to use a coating of some hind on the shells.

Such a coating should consist of a very thin mixture of very hue sand,

lime, and a little cement in such proportions as will cause the coating

to set firmly aud not wash off readily, but be easily flaked oft' with a

little effort, so as to free the crowded spat. Into swch a mixture the

shells used as cultch might be dipped very rapidly by means of a. bas-

ket of wire netting, so that half a bushel could be coated at one oper-

ation, the surplus mixture shaken off, and the shells thrown into a heap

to allow the coating to set preparatory to being thrown into the troughs

or the receptacles used in the canal system. For filling the latter a

wooden hopper provided to fit over the top of the receptacle, and re-

movable so as to be used in filling collectors successively, would be

useful, as the mouth or open top is rather narrow to admit of a shovel-

ful of shells being conveniently thrown into it.

In handling the spat which has been flaked off 'of the cultch when
overcrowded, wider and more capacious receptacles, made of finer gal-

vanized wire netting, and constructed upon the same general plan as

those used to hold the cultch in the canals, might bo made to receive

the detached spat. These could then be susj)ended in the canals and

allowed to remain there until a year old, when they could be scattered

upon a firm, clean bottom to grow larger. In this way the canal system

could be kept in use a great part of the year, or until the next spatting

season.

VI.—Collectors.

In handling tile and slate it must always be coated with a detachable

covering of lime and sand, or something of the kind, in order that it

may be possible to remove the adherent spat. After that the individ-

ual tiles and slates must be supported by some sort of framework, or fast-

ened together in some sort of a bundle to make them most effective. The
result is that the first cost of such collectors is too great, because both

the tiles and slates must be bought as manufactured articles, whereas

the shells can be got for the'trouble of hauling them away, in the region

of the Chesapeake at least. Moreover, the cost of the contrivances for

supporting the slates and tiles, together with the latter, is almost as

great in the long run as that of the receptacles in which" the cultch is

suspended in my system. These receptacles, being for the most part

constructed of galvanized wire-netting, will last for at least three or

four years, during which time each one of them should have produced

at least 9 to 12 bushels of spat suitable for seeding purposes. The new
apparatus can be used repeatedly, whereas the other, if it is used again,

S. Mis. 70 2G
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must be recoated, and if made of several tiles or slates must be recon-

structed every year. All of these disadvantages render the older Euro-

pean methods so cumbersome and expensive that they are of very little

service in this country, where it is desired to get the largest possible re-

turn for the least possible outlay both in labor and money.

I would therefore unhesitatingly give the preference to oyster-shells as

cultch, especially since they can still be obtained far more cheaply than

either tiles or slates. The time may come, however, when these may
become so valuable as cultch that it may be necessary to find some sub-

stitute. In that event potsherds might be manufactured on a large

scale to answer the purpose equally well. Pottery—such as is used to

make clay pigeons for sportsmen—would be very serviceable as a col-

lector. Clay pigeons, in fact, either entire or broken up, would make
an excellent kind of cultch.

A curious x>roperty of oyster-shells, manifested where they are simply

sown on the bottom, and which has fallen under my observation, is of

considerable interest in connection with oyster culture. It is found that

if the dead valves of the oyster are thrown into water they will almost

invariably fall to the bottom with the smooth inner or concave face

upward, and the rough convex face downward. The best side is there-

fore, in the practice of shell -sowing, the least efficient for the purpose

of collecting spat. Upon investigation this is found to be actually so

not only when oyster-shells are sown as cnltch, but also when those of

the clam and scallop are used for the same purpose. Upon examining

the shells used as cultch by the Long Island planters it will be found

that the most of the spat has adhered to the convex or undermost side

of the shells, and that comparatively little spat has fastened itself to

the upper side-

When the oysters are planted in the water from a boat, they also, as

a rule, fall upon the bottom with the left or most convex and colorless

valve downward, while the colored and flattest or right valve is upper-

most. Upon examining old oysters which have been lying fiat on the

bottom the spat will be found for the most part fast to the lower valve,

just as we found it upon examining the cultch of shells.

These data seem to me to indicate most conclusively that the sedi-

ment which is deposited from the overlying water has rendered the

upper surfaces of both the cultch and the oysters unfit for the ad-

hesion of young fry. That it does adhere to the upper surface very

often we have evidence enough, but we also have abundant evidence to

prove that it adheres there far less commonly than to the lower side.

So we actually find that the experience with slate and tile collectors in

shallow water tallies completely with what is observed in relation to

the cultch used in deep water, namely, that the lower side is always the

most efficient for the purpose of collecting spat. This leads to the ob-

vious conclusion that in suspending our masses of cultch above the
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bottom we are doing the very best possible thing to facilitate the ad-

hesion] of (be fry and prevent its subsequent asphyxiation by tbe accu-

mulation of sediment.

This sediment needs some discussion, so as to point out to the reader

something in regard to its origin. Observation bas taught tbe writer

that it is hugely of organic origin; that it in fact is largely composed

of seaweed, in sounds and along shore, which bas been torn loose and

ground into fragments by the action of the breakers and undertow, as

it is always increased in quantity during storms. Wherever there are

coves or inlets this hue debris is carried into them by the flood-tides,

and during slack -water it is slowly deposited by tbe action of gravity.

I know of localities where deposits of ooze exist Avhicb owe their origin

entirely to such a slow deposition of sediment, and where it is now all

of 10 feet in thickness. Such a bottom is, of course, quite unfit for pur-

poses of oyster-culture, and is just as totally useless if it is intended to

sow cultch. If the cultch is suspended or supported above the bottom.

then it is possible to obtain spat in such situations, as the writer bas

found by actual experience.

Other materials, such as gravel, under some circumstances, might be

advantageously used as cultch, but ordinarily I suspect that unless it

was sown on very firm or bard bottom, after being taken from the sus-

pended collectors in the canal system, many of the young oysters would

be smothered. It would also present less collecting surface in propor-

tion to its 'weight than shells.

Hard-wood chips made by the wood-cutter's ax, after becoming water-

logged, might serve as cultch if placed in the suspended collectors, but

as tbe slow decomposition of the wood is unfavorable, I doubt if any-

thing would be gained by its use which would not be just as effectually

achieved with the use of shells.

Iu fact, after considering all the readily available materials, I do not

think there is anything which can be compared for suitableness and
efficiency with oyster, clam, or scallop shells as cultch. There is cer-

tainly no form of collector in use in Europe which will as cheaply afford

the same great amount of spatting surface as can be obtained iu sus-

pended receptacles filled with shells such as are used in the canal sys-

tem here proposed.

It appears to me that stringing shells upon wire is also impracticable

in this country. That involves taking each shell singly and perfor-

ating it before it is strung. Such a proceeding might answer Aery well

wdiere labor costs one-third of what it does in the United States. If we
can suspend the shells just as effectively and at far less cost-without band-

ling them singly m order to perforate them, it would indeed seem to be

a waste of time and labor to resort to such an expensive method to

effect what can be done far more easily and on a larger scale in another
way.
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VII.

—

The possibilities of the new method in the hands op
THE OYSTERMEN.

I know perfectly well bow this paper will be greeted by the conserva-

tive oystermen. I find, indeed, that even those who pretend to be sci-

entific are ready to cavil at the attacks here made upon the present

systems and the apparently extravagant claims to which I have given

expression. After five years of careful and often laborious observation

and study, during which time I have personally instituted a large num-
ber of experiments in the field, and have studied the problem in all its

aspects, I am ready to own that I have misapprehended the very ele-

ments of the question at issue. I have taken it for granted that the

methods in vogue in Europe were somehow applicable here. So they

are, but not until so modified as to have lost almost all original sem-

blance of themselves. I have not dealt with probabilities, but with ac-

tual possibilities, in this paper, as founded upon personally observed facts.

I have proposed no cunningly-devised hypotheses to entrap the unwary
novice, but at every step in the development of my system I have
checked what I had to say upon a given point by something within the

bounds of experience. This is my final contribution to the theory of
oyster culture, a thing which it has never possessed before in the way
in which it is presented here.

In no part of this paper has there been any direct reference to the

anatomy or development of the animal. The practical man has no time

to waste upon that part of the subject. What he wants to know is not

how the egg of the oyster segments and develops, but what the habits

of the minute creature are when it is first let loose in what must seem

to it, if conscious, a truly vast universe of water. Moving about in

its element Avith the help of the fine cilia encircling its velum, it

swims until it finally meets with a nidus to which it can glue itself

fast with the margin of the left lobe of its tiny mantle. Once fixed,

its wandering existence is forever at an end. It is now ready, by slow

stages of growth, to become more and more like its parent. Its shell,

before and some time after fixation, is perfectly symmetrical, like that

of the hard clam, and remains so until it attains the still diminutive

size of one-ninetieth of an inch across. It is this symmetrical phase of

its infant or embryonic career which constitutes the most critical stage

of the creature's life. The losses prior to fixation are very great, and
all we can possibly do to diminish them, in the present state of our

knowledge, is to so enormously increase the proportional amount of

cultch, to which fixation is possible, that for any given bed such losses

willbe reduced to their possible minimum. Scattered cultch, such as

tiles, slates, &c, have been as unphilosophically aud unscientifically

applied hitherto as the cultch used on the bottom in only two dimen-

sions of space. For the present mode of use of the latter, however, there

are,assignable reasons when such cultch is applied in open water. The
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use of cultch where the adult oysters are much scattered, so that the

embryos are diffused through such enormous bodies of water that the

greatest possible results are not obtained, is likewise unscientific. What
has been needed is a study of the habits of the animal, and then to

create the necessary favorable conditions by artificial means. I have

sought to point out the way in which these conditions are to be created,

and, in the hope that they may soon be extensively taken advantage

of, I will turn for a moment to a consideration of the possibilities of

the new method.

With the new method it is possible to provide and expose not less

than fifty times the amount of spatting surface per acre that can be

exposed if shells are simply thrown down upon the bottom. The yield

of spat or seed oysters per acre can therefore be augmented in just the

proportion in which the quantity of cultch over a given area is in-

creased. If it is objected that the great increase in the number of

oysters would rob the water of its lime in the form of its carbonates, I

can reply, it seems to me, with considerable confidence, that the vast

amount of oyster-shells used as cultch in the collectors would supply

all that is needed in the most available form, for these shells are being

constantly eroded by the solvent action of the water, so that an abun-

dance of calcic carbonate would be supplied in solution in the water

for the purpose of building the shells of the young spat. We therefore

have, in these circumstances, a very strong argument in favor of the

use of oyster-shells as cultch, though it may be said that coating the

cultch with lime or cement would supply the shelly matter perhaps

equally well.

In the next place, the culturist of limited means, if possessed of low

land adjoining the shore, can organize and equip a small plant adapted

for collecting the spat from a few hundred bushels of oysters at a small

cost. He can not only in that way obtain the seed needed for planting

upon his own beds, but also supply his neighbors at a fixed rate per

bushel, with spat for planting upon their beds.

For large operations the plant would have to be proportionally ex-

tensive and costly. For a plant which would accommodate fifty to one

hundred thousand bushels of shells annually, the original outlay would

be very considerable.

For such operations joint-stock companies could be organized, with

an assurance that great profits could be reaped from the enterprise.

In all of this work, especially where the fry from coves is utilized,

we would simply be saving what is now an almost total loss to the

planters over a large part of the ground at present cultivated in the old

way. We would simply be saving the brood from our own beds from

being swept out by the tides and irrecoverably lost.

Localities exist all along the Chesapeake Bay where this method
could be utilized very successfully. The range of its applicability ex-

tends, in fact, from some distance north of the month of the Potomac,
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south, almost to Norfolk, Va. There are localities in which it is doubt-

ful if the tides rise high enough, but wherever a tidal rise and fall of

12 inches exists, it would seem that the method could be rendered avail-

able. Tides of at least 10 to 12 inches are necessary in order to waft

the fry back and forth in the canals, and to render the operation of the

jetties in the canals effective.

VIII.

—

Modifications of the new system where natural coves

OR PONDS EXIST.

The plan of the small establishment given in the preceding pages is

to be regarded as typical. In the use of the system witli crowded or

condensed cultch in different localities, modifications of the typical plan

may often be advautageously employed. For example, an oyster planter

may have a large pond of two or three acres thickly planted with spawn-

ing oysters and connected with the open water by way of a narrow

canal. The pond, if it has a firm bottom over its whole extent, may,

if not already used for the purpose, be planted throughout with good

seed or " plants," which, iu the course of two years, will be mostly

well grown, marketable oysters. In such a case several systems of

canals could be fed from the single large inclosure, that is to say, in-

stead of having only a single canal, several zigzag canal systems, each

3 feet in width, might be made to cany the water flowing in and out of

the large inclosure instead of the original channel, which might then

be filled up and closed. Or, if it were practicable, the channel connect-

ing the natural pond with the open water might be utilized for the same

purpose as artificially constructed canals, provided the cost of modify-

ing it for the purpose were not too great. In some cases, by digging,

filling, and dredging, as might be indicated in the course of such a

natural chan nel, it could be prepared for the reception of cultch. Where
such a channel were wide enough a system of parallel rows of light

piles, the rows being 3 feet 3 inches apart, and running lengthwise

throughout the course of the channel, might be used to support the re-

ceptacles for the cultch, the latter being of the form used in the design

of the typical system, and supported as in the latter, upon ledges or

scantling spiked horizontally to the rows of piles just below the level of

low tide.

In other cases where there existed narrow points in the course of such

a canal these might be used as jetties, still further narrowed in some

cases, perhaps by filling in the sides, after which a system of parallel

rows of piles with their horizontal supports of scantling might be con

structed between the jetties, and upon which the receptacles filled with

cultch could be supported. In this way the fry now discharged by

spawning oysters frorn coves through their outlets, sometimes by the

thousands of billions annually, can be caught upon cultch and permit ted

to develop into available spat.
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In many cases the cost of digging out the proper channels or canals

to be used in the system of applying the cultch in concentrated form,

would be greatly diminished by the nature of the ground upon which

the canals were dug out. If the level of the earth is not much above

that of high water, so much the better, for then the labor to be expended

in mating the necessary excavations will be proportionally diminished,

and no assistance from a skilled engineer will be required.

Whether the spawning pond is excavated or not, the principle upon

which the system is constructed and operated remains the same, namely,

that the area of the canal systems and the ponds be about the same.

In order that the fry may not be carried past the collectors, the area of

the pond should not much exceed the total area of the canals. In order

that the fry may be wafted to the outermost collectors, the area of the

canal system ought not to greatly exceed that of the pond or ponds.

Canals constructed between a series of spawning ponds may also be

utilized; in fact a great many other modifications of the system are

available, which would become apparent only after a study of a given

location. The plans for carrying out this system would in fact have

to conform to the demands of the location, so that it may be said that

each establishment would have to be designed in conformity with local

conditions.

IX.—Convenience and accessibility of the system at all

STAGES OF THE WORK.

No system of spat collecting with which I am acquainted can be so

conveniently conducted as this one. The cultch at every stage of its

exposure is completely under control. The cultch, with its catch or set

of spat, can be watched and conveniently overhauled without the use of

boats, dredges, tongs, or rakes. If no set of spat should happen to fall

upon a part of the eulteh, that portion is not out of reach, as a great

part of it would be were it simply strewn upon the bottom. In the latter

case, if the cultch is wanted, or if it is desired to make it again available

somewhere else, it must be fished up. In my system every 3 bushels of

cultch is completely independent of all the rest, and can be removed from

the canal and examined at any stage of its exposure to the floating fry.

The filled receptacles can be wheeled with barrows to the canals, where

they can be rapidly put in position, where they are to remain for ninety

days. If all of the shells should not have spat attached at the end of

that time, those which have no set upon them can be thrown aside to be

used over again, and the others taken in wheelbarrows to the boats,

from which they are at once scattered upon new beds as seed.

Should any collector full of eulteh get out of order, it can be readily

examined, removed, and repaired. There is no need of getting into an

unsteady boat t'o go out to lift an unwieldy collector out of the water.

Filling, emptying, and cuing lor the collectors is entirely conducted on

shore in the use of the new system. Operating and handling them is
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in like manner done while the manipulator stands on the banks and on
a sure footing, such as he sadly feels the want of while handling the

heavy old-fashioned collectors from a cranky boat.

X.

—

Size, form, position, and method of handling the recep-
tacles FOR CULTCH.

The size of the suspended receptacles for the cultch should not be

much over the dimensions now to be given. If the vertical end pieces

are G feet long and 6 inches wide, and secured together about the

middle and parallel by broad side strips and one at top, as shown in

the figures, so as to be 3 feet apart, with the wire screen inclosing the

space between the end pieces or strips and below the parallel horizontal

bars, a flat basket or crate is formed. This basket or receptacle is

filled to the lower edge of the horizontal strips with clean oyster-shells.

The contents of one of these receptacles would then be equal to 3

bushels and nearly a peck of shells, or a quantity which will be found

to be about as heavy as two men can readily lift about. The recepta-

cle when made of the size given will hold G,93G cubic inches. There

are 2,150 cubic inches in a bushel.

The galvanized-wire netting should be fastened to the sides and edges

and lower ends of the vertical strips and horizontal cross-bars, with

small barbed galvanized-iron staples used as nails. If, upon filling

this wire basket with shells, there should be any tendency of the wire

netting to "bag" or bulge outward in the middle, that trouble may be

remedied by securing the central part of one side to that of the other'

by a galvanized wire running across the interval between them. The
total cost of each one of these baskets should not be over 50 to 70

cents when made in quantity. In ordinary spatting seasons the recep-

tacles should pay for themselves within fifteen months ; that is, they

should yield a sufficient quantity of spat or seed oysters at a fair market

value, in that space of time, to pay for the cost of the rearing apparatus.

The galvanized netting will last for fully four seasons. The wooden ends

will be attacked more or less by the teredo or ship-worm, though it is

believed that under ordinary conditions this will not be so serious an

enemy to the durability of the apparatus as might at first be supposed.

Copper paint might be applied as a protection against this enemy.

The outside dimensions of the immersed portions of the collectors or

receptacles will therefore be about 3 feet by 3 feet, with a thickness of

G inches. This will make it necessary for the ditch to be about 2 or 3

inches wider than the receptacles below the ends of the horizontal

strips. The ledge or sill on the tops of the piles, along the sides of the

canal, would make the latter a foot wider at its upper than at its lower

portion for about 12 to 1G inches from the top. This ledge is the sim-

plest arrangement which can be devised to support the receptacle.

The receptacles filled with cultch are then placed with their widest

dimensions across the canal, so that at every ebb and flood tide the
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floating oyster fry carried out and in, or from and to the spawning pond,

will be driven through these masses of cultch; it is therefore desirable

that just as little unused or free space in the canals be left for the water

to ebb and flow through as possible.

It is not advisable to make the receptacles much thicker than

inches through their least diameters, lest the light necessary for the

development of the spat be shut out too completely, or so as to inter-

fere with the growth of the infant oysters. In order that the light may
penetrate from above and down between the receptacles for the cultch,

they should be placed 6 inches apart in the canals.

It follows from what has just been said that every running foot of the

canal will accommodate three bushels of cultch. For 1,000 bushels of

cultch it would, therefore, require a canal about 335 feet in length,

covering a total area of only 2,010 square feet of surface, including the

banks between the canals. The spawning pond to feed such a canal

would be about 45 feet square, so that the whole plant would cover a

total area of 4,035 square feet, including the system of canals, or not

quite one-tenth of an acre. At this rate it is possible to accommodate
10,000 bushels of cultch per acre by the adoption of the new sys-

tem, Fifteen hundred bushels of shells per acre would quite effectually

cover the bottom, so that the ground would be concealed by them, but

even that is probably a quantity which would be very wastefully ap-

plied if merely strewn on the bottom as cultch.

The care of the cultch in the receptacles is a very important matter

during the spatting season. The empty space left between the recep-

tacles, allowing 1 foot of the horizontal extent of the canal to each one,

would be about 6 inches. This space, besides admitting the light, will

enable the attendants to vibrate or rock the receptacles back and forth

on the projecting ends of the horizontal strips, by means of the cross-

hair at the top of the device. By rocking the receptacle back and forth

vigorously a few times every two or three days, or even every day, the

shells will be kept free from sediment, aud the asphyxiation of the re-

cently affixed fry prevented to an extent which is altogether imprac-

ticable in any other system now in vogue. This is one of the most
important and distinctive features of my system, and one which will

commend the latter to the favorable consideration of any one who has

ever seriously considered the oyster question.

In filling the receptacles with cultch I have previously recommended
the use of a removable hopper, in order to facilitate and expedite that

part of the work. There is another point in the use of these contriv-

ances which I have not touched upon, however, aud it may be well to

say a few words as to how the shells are to be placed in the receptacles.

As stated in the preceding pages, oyster-shells, if thrown into the

water, will almost invariably fall with the rough convex side down, and

the smooth concave side upward. This happens even when they are

allowed to drop from a height into water only inches deep. It also
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follows that if old shells are used as collectors, as proposed in my now
system, there will be a tendency for the spat to catch all over both sur-

faces instead of only on the lower surface when simply strewn over the

bottom. It will also be found that when the shells with adherent spat

are taken from the receptacles used in my system and strewn over the

bottom when planted, that they will tend to fall with the convex side

down and the concave side up. It is obvious, therefore, that the col-

lectors should be filled in such a way as to cause the shells to drop into

them in the position which they would naturally tend to assume when
sown as cultch. Otherwise it will readily be seen that in planting or

sowing, the cultch covered with spat, which we have taken so much
pains to rear in the receptacles, will fall on the bottom in such a way
as to bury many of the young oysters. In order to avoid this as far as

possible, I would recommend that the wire receptacles be placed in the

water in their proper position and then be slowly (ilied with the shells.

If this is carefully done the shells will fall to the bottom of the wire

basket and assume just the same position, in relation to their surround-

ings as if thrown iuto the open water and allowed to fall to the bottom,

namely, with the concave side upward and the convex one downward.
The shells may now be said to have assumed their normal position in

the receptacle. The latter is now ready to be placed in position in the

canal.

One word about the way in which the receptacles freighted with

cultch may be expeditiously handled. It will probably be found that a

small, portable tripod so arranged as to straddle the canals would great l.v

lighten the labor of handling the receptacles. This, if supplemented by

a. system of pulleys over which a rope was passed, or a "block and fall,"

and the whole hitched to the apex of the tripod, would greatly facilitate

lifting the wire receptacles in and out of the canal. Four short chains

or ropes with hooks to catch under the edges of the horizontal strips

would be the most convenient tackle with which to lift the receptacles

and raise them out of and lower them into the canal.

XL—Conclusion.

If cultch in the form of shells is the best (for which conclusion we
have assigned reasons), it follows that such material should be so util-

ized as to obtain the largest possible return for the least possible outlay.

In other words, if shell-cultch is to be used at all, let it be expeditiously

and economically, and not wastefully and unscientifically, employed. It

has been found that even the sowing of shells is profitable, as has been

conclusively demonstrated, and in one type of culture, namely, that

which is practiced in deep water, it is probable that it is the only prac-

ticable method which will be devised for a long time to come. While
it is to a great extent wasteful and at times uncertain, for the present,

at least, there seems to be no other which can be as economically and
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successfully operated over large open navigable areas. Large areas

operated by one individual or corporation cannot always be commanded,

or only exceptionally, under the existing laws of the States of Maryland

and Virginia. In those States, however, where it is possible to com-

mand the right to natural areas of water which are more or less nearly

land-locked, the system of merely sowing shells would be positively

wasteful and not in conformity with the results attainable under the guid-

ance of the proper knowledge. It is found in the practice of shell-sow-

ing that extensive areas will sometimes fail to produce any spat. This

is apparently due to the presence of currents which have swept the fry

off the beds, or to the presence of sediment, which has put an end to

the first stages of its fixed career. Even after the spat is caught, great

destruction may occur through the inroads of star-fishes, or a too rapid

multiplication of worm-tubes over the cultch and spat. The latter is

sometimes smothered in vast numbers from the last-mentioned cause, as

has been recently discovered by Mr. Eowe. Such casualties are ren-

dered either impossible or readily observable during their early stages

by the method of inclosing the cultch in suspended receptacles, as sug-

gested in this paper. The netting will effectually protect the young spat

against the attacks of large star-fishes, and no growth of barnacles or

tunicates, worm-tubes or sponges, would be rapid enough during the

spatting period, judging from an experience extending through several

seasons, to seriously impair the spatting capacity of the cultch used in

the suspended receptacles. Any of the larger carnivorous mollusks,

fishes, or crustaceans which could prey on the young oysters can also

be barred out and kept from committing
<
serious depredations by means

of the netting around the cultch, as well as by means of screens placed

at the mouth of the canal.

The maximum efficiency of the cultch is not realized in any of the old

forms of collectors, for the reason that the cultch cannot be kept clean

;

secondly, because both sides of the cultch cannot be exposed to the

passing fry ; thirdly, because the fry cannot be compelled to pass over

and amongst the cultch repeatedly; fourthly, because the cultch is scat-

tered over too great an area and throughout only two dimensions of a

body of water, namely, its horizontal extent, whereas it is possible, as I

have shown above, to do all this and more—that is, to avail ourselves of

the possibility of obtaining spat throughout the three dimensions of a

body of water charged with embryo oysters in their veliger condition.

These are good and sufficient reasons for my assertion that cultch has

hitherto been wastefully and unscientifically applied. With this I

must conclude this exposition of the principles of a rational theory of

oyster culture, a subject which has received the attention of many in-

vestigators, none of whom have, however, struck at the root of the ques-

tion and allowed themselves to be guided by readily-verifiable facts. In

the hope that I have made both the theory and practice of my new
method clear to the reader, who, if he should happen to be an oyster-
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man, will, I hope, at least give me the credit of being honest and sincere

in my intentions, and, whether he feels inclined to ridicule or to adopt

my conclusions, I feel very certain that what I have formulated in the

preceding pages will become the recognized doctrine of the future.

Wood's Holl, Mass., September 20, 1885.

APPENDIX.

I. Since the preceding paper was written, Prof. W. K. Brooks has

discussed the feasibility of using a cultch of shells in mass or quantity,*

as contemplated in the system devised by me and described above. I

take the liberty of reproducing Professor Brooks's note entire, as fol-

lows:

"Without expressing any opinion as to the value of the process of

'fattening' oysters by placing them for a few days in cars floating in

fresh water, I wish to point out that there is no similarity between this

process and the process of propagation which is here described.

"My attention was first called to the value of floating cars in oyster

culture by Mr. William Armstrong, of Hampton, Va., who informed mo,

in 1884, that 'seed' oysters which he had placed in floating cars in the

month of Hampton Creek grew more rapidly and were of better shape

and more marketable than those which grew from seed planted on the

bottom in the usual way.

"One of the results of my study in 1879 of the development of the

oyster was the discovery that there is a period of several hours, imme-

diately after the embryo acquires its locomotor cilia, when it swims sit

the surface, and this is the period when it is swept into contact with

collectors. As soon as the shell appears, the larva is dragged down

by its weight, and either settles to the bottom and dies, or swims for a

time near the bottom. The tendency to swim at the surface is an

adaptation for securing wide distribution by means of the winds and

currents which sweep the young oysters against solid bodies which may
serve for attachment. The greatest danger to which the oyster is ex-

posed at any part of its life is that it may not, at the swimming stage,

find a clean, hard surface for attachment.

"As it is microscopic and only about half as thick as a sheet of thin

paper, it may be smothered by a deposit of sediment or mud so slight

as to be invisible, and most of the failures to get a good ' set of spat'

arc due to the formation of a coat of sediment upon the collectors be-

fore the young oysters come into contact with them.
" It occurred to me this summer that this danger could be entirely

avoided by the use of floating collectors, for little sediment can fall on

a body which is close to the surface of the water, and most of this will

* On the artificial propagation and cultivation of oysters in floats. Johns Hopkins

University Circulars, Vol. V, No. 43, p. 10, October 21, 1885.



[33] A SYSTEM OF OYSTER CULTURE. 413

be swept away by currents, which will, at the same time, sweep the

swimming embryos down into the collector, and thus insure an early,

abundant, and successful ' set.'

"I accordingly constructed a floating; .car, made so as to permit the

free circulation of the water. This was filled with clean oyster-shells

and moored in the channel in front of the laboratory at Beaufort, Is. C,

on July 4. As all the oysters in the vicinity were in very shallow water,

they were nearly through spawning, and the conditions were therefore

very unfavorable ; but notwithstanding this, I immediately secured a

good i set,' and the young oysters grew with remarkable rapidity, on

account of the abundant supply of food and fresh water which gained

ready access to all of them, and the uniform temperature which was

secured by the constant change of water.

" This method of oyster culture may be applied in many ways, ofwhich

the most obvious is the production of seed oysters for planting.

"The seed which is used for planting in Maryland and Virginia, as

well as in Delaware and farther north, is now procured from the natural

beds of our waters by tonging or dredging, and as the demand for oys-

ters for this purpose is certainly one of the elements which have led to

the depletion of our beds, there is a wide-spread feeling that the exporta-

tion of seed should be prohibited.

" By a small investment of capital in floating collectors any one on

tide-water could easily raise large quantities of much better, cleaner

seed than that which is now procured from the natural beds, and if the

laws permitted the sale and transportation of this seed without restric-

tion at the season when the demand exists, it could be sold at a profit

for less than the cost of tonging.

" Northern planters could also raise seed for themselves by construct-

ing floating collectors in the warm water of the sounds of Virginia and

North Carolina, where the length of the summer would permit several

collections to be made in one season. The oysters thus reared are large

enough for planting in five or six weeks, and in the latitude of Beaufort

there is an abundance of spat from the middle of April to the first of

July, and it can be collected until September.

" The method may also be used by planters for collecting their own

seed, especially in regions remote from a natural supply. If there are

no oysters near to furnish the eggs, a few spawning oysters may be

placed among the shells in the collector, after the French method, to

supply the ' set.'

" It can also be used for the direct production of marketable oysters,

especially over muddy bottoms and in regions where public sentiment

does not permit any private ownership of the bottom.

"As food for the oyster is most abundant at the mouths of muddy

creeks, where the bottom is too soft for oyster culture by planting or by

shelling, this method will have especial advantage in such places, for

there will be no danger of sanding or of smothering by mud at the sux-
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face, and there is no limit to the number of oysters which can thus be
grown on a given area, for the free current of water will bring food to

them all.

" The very rapid growth will more than compensate for the cost of

the floats, and Mr. Armstrong's experiment shows that, in addition to

all these advantages, the oysters are of a better shape, with better

shells and more marketable, than those grown at the same place on the

bottom.

"Finally, this method will do away with the necessity for a title to

the bottom, and will thus enable a few enterprising men to set the ex-

ample of oyster culture, and, by the education of fbe community, to

hasten the time when wiser laws will render our natural advantages

available for the benefit of our people.

" The most economical method of constructing floats must, of course,

be determined by practical experiments, but afloat constructed by con-

necting two old ship masts together by string-pieces, with a bottom

of coarse galvanized-iron netting, would have sufficient buoyancy and
enough resistance to water to support a large quantity of submerged

shells and oysters for two or more seasons, and a coating of copper

paint each year would protect the timbers from worms.
" The floats should be open at the ends to permit free circulation,

and they should be moored in such a way as to swing with the current.

"Engagement in business projects is no part of the office of a univer-

sity, aud I feel that the experiments of the past summer have brought

the subject of oyster culture to a point where its further development

should be left to the people who are most interested."

It is hardly necessary for me to comment on the preceding further

than to say that the results recorded by Professor Brooks prove in the

most conclusive manner that the system of spat-culture proposed by
me is feasible, and that we are henceforth in a position to guarantee

success in the business of oyster culture if rational methods are pur-

sued.

II. Under the title of Successful Oyster Culture, Mr. Fred Mather, in

the issue of Forest and Stream for October 1, 1885, writes as follows:

"This summer, by direction of Mr. E. G. Blackford, member of the

Board of the Commissioners of Fisheries of New York, and in special

charge of the oyster investigation, I began some experiments in the

artificial propagation of oysters at the hatchery under my charge at

Cold Spring Harbor, L. I. The trial was made under two different

conditions, and was successful in each.

"One experiment was made in a wooden tank, 12 feet long, 6 feet

wide, and 3 feet deep. This was made of 2-inch pine plank, coated

with coal-tar, and supplied with sea-water through three half-inch rub-

ber tubes from a reservoir upon the hill, where it is pumped by a hot-

air engine. The bottom of the tank was covered with shells and gravel,

and shells were suspended on strings across the tank. On the, latter
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there was no 'set,' but on the shells and gravel on the bottom many
were caught. The temperature in the tank ranged, from July 8 to Au-

gust 31, from 09° to 73° Fahr., standing most of the time about 71°,

the density of the water being from 1.017 to 1.020, and standing

steadily at the latter figure from July 18 to the close of the seasou

named. At that time, September 1, it was necessary to remove the

pipes, clean and tar them for the coming work with cod eggs, and the

young oysters were removed from the great pond mentioned below.

They were then one-fourth of an inch in diameter.

" The other trial was made in our large salt-water pond, which has a

large flood-gate to hold the water at low tide, and from which we pump.

This pond is some 280 feet long, 125 feet wide, and a,bout 4 feet deep.

Ten bushels of scallop (Pecten) shells were spread on the bottom and

hung on strings. The swimming spat was put in at the flood-gate

while the tide was flowing in, and thus scattered over the pond. On
September 19 the pond was drawn down and a splendid 'set' was visi-

ble, both on the bottom shells and also on those suspended. On the

latter there was a set as high as three feet from the bottom, but the

lower ones showed more specimens. The following is from the journal

kept by my foreman, Mr. F. A. Walters

:

ul JuIy 1.—Received first lot of oysters; opened 1 bushel; found 17

ripe females and 1 ripe male; took spawn from these. After 9 hours,

as there was no sign of life, considered not good.

"'July 4.—From one-half bushel, 9 females and 3 males; milt not act-

ive; no sign of life after 10 hours.
Ui July5.—From one-half bushel, 11 females, 1 male. Three hours

after taking spawn young were swimming
;
put in tank.

11 'July 9.—Put in tank 3 pans of spawn.
Ui July 10.—From 200 oysters, 175 were ripe females, 18 not spawning^

and 7 partly ripe males ; had to lose all.

liiJuly 11.—From 80 oysters, 60 ripe females, 4 unripe males, and 10

not spawning.

"'July 14.—Cleaned tank.

"'July 16.—Ground gate of salt pond had to be taken out, owing to a

leak. Poor tides followed
;
pond did not fill for five days; could not

pump, and consequently no circulation in tank for that time.

"
' July 20.—Opened 70 oysters ; found 20 ripe males, 30 females, and

20 not spawning. Took 2 pans of spawn at 10.20 a. m. ; swimming at

2 p. m.
;
put in salt pond.

"'July 22.—Put spawn from 200 in salt pond.

"'July 26.—Cleaned tank; could find no set.

"'July 28.—Put in pond 4 pans of spawn in good order.

" 'July 31.—Put in tank 4 pans of spawn, the best lot taken.

"' August 11.—Cleaned tank, and put in spawn from 1 bushel of oys-

ters.

" ' August 20.—Discovered set in tank.
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"
' September 8.—Cleaned tank ; found a number of shells and about a

peek of gravel with sets on, but all dead. Tuere were no sots on the

hanging sheds. The reason for this, I think, is owing to laek of cur-

rent, which should be quite strong ; there is more danger of getting too

little than too much. Lowered salt pond.
" ' September Id.—Found a good set; the hanging shells had sots 3 feet

from the bottom, but the shells on the bottom did the best.'"

I need not comment upon the preceding paper by Mr. Mather fur-

ther than to point out that, taken together with the results reported in

the preceding paper by Brooks, the first principle of the theory of spat-

culture proposed by me is experimentally demonstrated. That principle

as first publishedby the writer in a preliminary account of his new sys-

tem of spat-culture in Forest and Stream, October 22, 1885, p. 249, is as

follows

:

" Oyster embryos, under ordinary conditions in open water, diffuse

and affix themselves throughout the three dimensions of such a body of

sea- water. This is a wTell-known and readily verifiable fact."

III. I also stated in the paper cited that "The spat of the oyster

will grow and thrive with comparatively little light." In further proof

of this statement I will take the liberty of relating a very remarkable

observation made by Mr. E. G. Blackford, of New York. During the

past season he found that the pipe through which the salt water was

pumped from the sound to the reservoir on the hill at Cold Spring Har-

bor, L. L, was stopped up. Upon investigation it was discovered that

the occlusion of the pipe was due to young oysters which had affixed

themselves to the inside of the pipe, where they had grown until they

had closed it up. In the narrow space inside the pipe, where only a very

small amount of light could possibly have had access, it hardly seems

conceivable that oysters could have thriven
;
yet, under the very unfa-

vorable conditions above described, the fixation and growth of young

oysters actually occurred. This observation has an important practical

bearing on the use of cultch in solid masses, as proposed in the body of

the foregoing paper.

IV. Very encouraging success has been reported for the season of

1885 from Saint Jerome's Creek. This season, at my suggestion, the

suspension of shells and brood oysters a little distance above the bot-

tom was tried there, galvanized-iron wire netting being used, which was

suspended upon stringers supported a few inches above the bottom, upon

short piles or stakes. On this the shells were spread. This was in-

tended to overcome the difficulties encountered in the utilization of an

oozy or muddy bottom, and enable the operators to shake the netting

from the surface or from a boat with a boat hook, in order to shake off

any sediment which might gather on the shells used as collectors. Mr.

Ravenel, the superintendent, has reported that "sets" have been ob

tained on all the different kinds of collectors used this seasou. lie

also reports that since a freer circulation has been established through
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the ponds much better success has been had in obtaining a good set of

spat.

V. At Wood's Holl a very interesting observation was made this sea-

son, demonstrating the ability of the oyster to affix itself to a foreign

body the second time, or long after the animal has passed the ordinary

spat or first fixed stage of the first year. While the writer was engaged in

artificially fertilizing eggs, the small oysters and shells left over were

thrown back into the ponds, in which a large series of wooden collectors

made of lath was placed near the bottom, resting upon stringers, and

weighted down with bricks. One of the small oysters which had been

thrown into the pond as described fell upon one of the bricks edgewise.

As this oyster grew very rapidly afterwards, and was in a favorable

position for fixation, as the margin of the lower or left valve was ex-

tended, it for the second time glued itself firmly to the surface of the

brick. This is the first instance of the kind which has fallen under my
observation. If similar observations have been made by others I am
not aware of any published accounts of them. It is therefore deemed

very important that this observation should be recorded, inasmuch as

it has recently been questioned whether the oyster fixes itself by the

left valve at all.

VI. In a late number of Nature, October 22, 1885, p. 597, Mr. J. T.

Cunningham, under the caption of " The resting position of oysters,"

makes the extraordinary announcement that Woodward, Jeffrey, and

Huxley were wrong in asserting that the oyster rests on and affixes it-

self by the left valve. I am now in a position to state with positive cer-

tainty that it is invariably the left valve of the fry of the oyster which

becomes affixed to a foreign object. I have examined thousands of very

young adherent spat, ranging in size from one-ninetieth of an inch to 2

inches in diameter, and have never found an exception to this rule. Be-

sides the positive statements to the same effect made by Huxley and

others, I would refer the reader to a brief paper by myself, entitled "On
the mode of fixation of the fry of the oyster" (Bull. U. S. Fish Commis-

sion, Vol. II, 1882, pp. 383-387); but I must caution the reader that

Figs. 3 to 8 were reversed through an unfortunate oversight, as the

apices of the umbones of all the larval shells figured on page 387 should

be directed to the left instead of to the right side. Otherwise these

figures are accurate. This blunder of the artist is pointed out in the

explanation to Plate LXXV, where the figures from the above-cited no-

tice are reproduced in my paper entitled "A sketch of the life-history

of the oyster," which forms Appendix II to "A review of the fossil os-

treidse of North America,"* by Charles A.White, M. D., and Prof. An-

gelo Heilprin. In another paper of mine, "The metamorphosis and

post-larval stages of the oyster" (Eeport U. S. Fish Commissioner, Part

X, 1882, p. 784), Fig. 2 shows the larval shell L of the young spat in nor-

* Published as part of the Fourth Annual Eeport of the Director of the U. S. Geologi-

cal Survey for 1882-'83, 4to, pp. 275-430, and including Plates XXXIV-LXXXII.
Washington, 1884.

S. Mis. 70 27
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mal position with the umbo directed to the left. This figure may be

advantageously compared, in respect to the points raised here, with the

figure of the external anatomy of the adult on Plate LXXIII in my
" Sketch of the life-history of the oyster," already cited. Such a com-

parison will at once demonstrate that the curvature of the umbones of

both the larval shell and of the adult is toward the left. This I find to

be uniformly the case with the adults, and in the specimen which had
affixed itself to the brick for the second time I also find that the rule

holds.

Mr. Cunningham's inference that the left valve, usually regarded as

the lower one, is really the upper, because he finds worm-tubes and hy-

droids most abundant on the convex or left valve, is founded upon an
imperfect acquaintance with the habits of the oyster; for if living oys-

ters are thrown into the water, they will invariably fall upon the bottom

with the left valve downward. If dead oyster-shells (loose valves) be

similarly thrown into the water, they will invariably fall with the hollow

side up and the convex one down. And, furthermore, both living and
dead oysters remain in just the position in which they fall. Dead shells

sown as cultch or collectors fall in such a position and most of the spat

is caught on the exposed parts of the under surface only of such shells,

whereas little is found to grow on the upper surface. The reason for

this is, that the sediment which is deposited on the upper surfaces as-

phyxiates the very young oyster-spat and other larva? which affix them-

selves before they can become established and strong enough to resist

its effects. The affixed organisms on the exposed, inclined under sur-

faces of the shells are, on the other hand, protected from the accumula-

tion of sediment.

It is also well known that the right valve of the oyster is always the

most deeply pigmented, while the lower or left one is paler. This is al-

ways the case when oysters lie almost flat on the bottom. When crowd-

ed together on the natural banks on a vertical position there is less dif-

ference between the colors of the valves. This difference is obviously

due to some influence exerted by the position of the aspects of the body

of the animal in respect to the light, the same as in land and aquatic ani-

mals generally. I would conclude, for this last reason alone, that the

right valve of the oyster is normally always uppermost, were it not for

the fact that I have observed all of the stages of transition from the spat

to the adult condition in confirmation of such a conclusion. It is true

that many young oysters have the right valve looking down when

allowed to grow upon cultch or shells which have been sown upon the

bottom to favor the collection of the spat, ; but that circumstance by no

means invalidates, as supposed rather hastily by Mr. Cunningham, the

observations and conclusions of such cautious and careful investi-

gators as Brooks, Woodward, Jeffrey, Huxley, Horst, and others.

VII. The annual set of spat on the natural banks is remark-ably large.

In fact, upon a natural bank the number annually removed is very
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great
;
yet, if not deprived too entirely of its original stock, it will again

be thickly covered with a natural growth in the course of twelve to

twenty months. The conditions on the natural banks for spatting are

those of the very crowded collectors contemplated in the plan proposed

in the preceding pages. Often as many as thirty to forty oysters will be

found crowded upon a single square foot of surface. Upon almost every

one of these, young spat will be found adherent towards autumn, so that

it is not surprising that the bank is so soon regenerated, appearing a year

afterward as if it had never been disturbed, as it bristles with its multi-

tudes of densely-crowded oysters, all of which have the hinge end down,

and the free ends of the valves directed upward. The luxuriance of the

young growth which adheres to the valves of the parent oysters is fatal

to many of the latter, inasmuch as they are finally smothered and killed

in great numbers by the rapidity of the growth of their progeny immedi-

ately above them.

VIII. Where brush of a suitable kind is abundant, it is not improb-

able that a very efficient and inexpensive system of collectors could be

arranged in the system of zigzag canals described above. Such brush

should be dry or stripped of its leaves, and consist of bushes tall enough
to reach up to low-water level, and with stems long enough below the

branches to be thrust firmly and securely into the bottom of the canal

in a vertical position. The bottom of the canal might in this way be

thickly studded with vertical brush collectors instead of the more elab-

orate system of baskets. Or the latter might be combined with a sys-

tem of brush collectors. The wire receptacles might, in fact, be used to

supply the spawn to the canal by filling a number of them partly with

dead shells upon which living spawners were laid, and the receptacles

then placed at intervals of a few feet apart in the canal, with a dense

system of brush collectors arranged in the latter as proposed.

With this modification of the system jetties might also be used, as

suggested in the body of the foregoing paper.

IX. In the use of the wire receptacles in the canal system, it will be

found that the shells with their adherent spat cannot be left in the ap-

paratus with, advantage over ninety days. By that time many of the

young oysters will have grown to the size of 2 inches across. They will,

in fact, range from that size down to a fourth of an inch across. Fig-

ures of spat of Ostrea virginica of known age were first published by
me, indicating the above-noted rate of growth in 1881. Lieutenant

Winslow's results were similar, as based on experiments with collectors

the season before.

If the young oysters are left too long in the wire baskets, disadvan-

tageous adhesions will be formed with adjacent shells, so that the young
spat may suffer iujury and be broken when the shells are separated or

poured out of the receptacles. A new and permanent place should there-

fore be provided for the young spat immediately after it is removed from

the collecting apparatus. To that end, it would be best to at once plant
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the cultch, with its adherent spat, upon a good bottom, where it maybe
allowed to remain until fully grown. Two hundred bushels of shells,

covered with a good set of spat, is an abundance of seed for one acre,

as the spat will gain at least thirty to sixty times its own bulk in the

course of the next four years, at the end of which time it becomes mar-

ketable.

X. Professor Lankester has recently published* some investigations

upon the subject of green oysters, and has singularly enough over-

looked some of the most important contributions to the subject pre-

viously published by others; in fact, he has been, in the main, anticipated

by the writer by at least four years, as may be learned by reference to

the papers cited below, t

He also seems to have been unaware of the researches of MM. Puy-

s£gur and Decaisne, published five years ago, the first-named of whom,
contrary to the assertion of Professor Lankester, published colored fig-

ures illustrating the pigment of Navicula ostrearia in 1880, in a memoir,

of which I give the title in full below. f

The second point which Professor Lankester claims to have first de-

monstrated, viz, the occurrence of Navicula ostrearia in the intestine of

green oysters, was also previously determined by M. Puysegur, as may
be seen by reference to the paper cited above, or to a translation of the

same in the report of the United States Commissioner of Fisheries for

1882, p. 800, as well as a notice of it published in Nature, xxii, 1880, pp.

549-50.

The third conclusion arrived at by Professor Lankester in the sum-

mary of his results given at the clo se of his paper is not borne out by
an examination of sections of the gills of the oyster and clam prepared

from specimens affected with the peculiar viridity so well known to

European epicures; and, moreover, it does not seem probable that cells

which are clearly epithelial should wander back into the circulation and

collect together in large cysts in the mantle and also lodge in the ven-

tricle of the heart to the number of many thousands, as I have often

observed in green oysters ; nor does it seem possible to explain the fact of

the whole animal becoming green, with the exception ofthe adductor mus-

cles, as sometimes occurs on Professor Lankester's hypothesis. There is

* On Green Oysters' By E. Ray Lankester, M. A., LL. D., F. R. S. Quarterly Jour.

Mic. Science, Nov., 18S5, new series, No. CI, pp. 71-94, pi. VII.

1 1. Notes on the breeding, food, and green color of the oyster. Bull. U. S. Fish

Commission, I, 1881, pp. 403-419. (This paper also appeared previously in Forest and

Stream.)

2. Supplementary note on the coloration of the blood corpuscles of the oyster. Re-

port of the U. S. Commissioner of Fish and Fisheries for 1882, pp. 801-805.

3. On the green color of the oyster. Am. Naturalist, 1883, pp. 87-88.

4. On the green coloration of the gills and palps of the clam (Mya armaria). Bull.

U. S. Fish Commission, V, 1885, pp. 181-185.

i Notice sur la cause du verdissemeut des huitres. Par M. Puys6gur, sous-commis-

eaire de la marine, Chevalier do la Legion d'Honneur. (Extracted from Rev. Mari-

time et Coloniale.) Pp. 11, 1 pi. Paris, Berger-Levrault et Cie., 1880.
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no objection to naming the coloring principle absorbed by the oyster

marennin; and, so far as the writer can discover, this is Professor Lan-

kester's principal contribution to the subject, aside from the claim made
for the existence of " secretion cells " in the epithelium of the gills and

palps. The existence of cells with the function ascribed to them in his

paper is, however, rendered even more doubtful by the fact that some-

times a uniform deep, bluish-green tint becomes apparent not only in the

epithelium of the gills, but also in the mantle, throughout which the

color may be nearly uniform or irregularly distributed in patches, which

shade off imperceptibly into areas not affected.

The fact that the green cells found by me in the ventricle are blood-

cells admits of no doubt, as I was careful to compare them with the

colorless blood-cells of uncolored individuals. That they are quite free

is also unquestionable, as they would immediately separate when the

cysts or the heart in which they were contained was opened. The view

which I have published in my fourth paper on the clam has therefore

not been in the least weakened by what Professor Lankester has pub-

lished; and, while it anticipates him by several months, it likewise, I

think, gives a far more probable explanation of the phenomenon.

I might also add that Professor Lankester's spectroscopic investiga-

tions brought him to about the same results as were reached by me with

a microspectroscope in 1881.

Finally, I must not forget to mention the crucial tests made by MM.
Puysegur and Decaisne, as they showed that the coloration could be

imparted to oysters at will by simply feeding them with Navicula os-

trearia. They also proved that when oysters colored in that way were

deprived of the kind of food whence the color was derived, in a short

time Yliey again became white-fleshed.
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INTRODUCTORY.

The acquisition of materials for the prosecution of the study of Ceta-

cean development is attended with difficulties, and the student who is

fortunate enough to have access to a rare series of even pretty well ad-

vanced embryos, measuring from 1 inch up to 5£ inches long, may well

consider how precious and important such materials are at this time,

when the study of the development of living forms has taken such a

high place as a part of the proper scientific method to be applied by

the naturalist to the resolution of questions of affinity and the genesis

of extreme structural modifications.

The following notes, interspersed as they will be with reflections

*A very brief and imperfect sketch of the contents of this paper has appeared under

the following title: "On the probable origin, homologies, and development of the

flukes of Cetaceans and Sirenians." (Am. Naturalist, May, 1885, pp. 515-519.) The

development of the mammary glands has also been more fully discussed by me else-

where, viz, in a paper entitled, " On the development of the mammary glands and

genitalia of the Cetacea." (Bull. United States Fish Commission, Vol. V, 1885.)

[1] 427
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upon the significance of this or that peculiarity of the external or in-

ternal conformation of the different parts of these creatures, as corn-

pared with similar or homologous parts in normal mammalia, and in

the aquatic JSirenia and amphibious Pinnipedia, it is hoped may help us

to better understand the question of the affinities of these organisms,

and perhaps afford us a slightly clearer insight into the method of

phylogeny, as its obscure lines converging backwards in time, are here

and there brought out a little more distinctly, by some of the con-

clusions which may be drawn from anatomical and ontogenetic investi-

gations. If the view here advocated, that the flukes are probably the

degenerate homologues of hind feet (not the homologues of the whole

hind limb, as was held by Gray and even earlier authors) at first seems

improbable, such a view may, I venture to think, impress the fair-

minded student as being a little nearer the truth than the compara-

tively modern assumption universally sustained up to the present year

by the most eminent of living morphologists, amongst whom must be

named Huxley, Flower, Claus, Owen, and Parker, that the hind limbs

of Cetacea have been totally suppressed or atrophied outwardly, thus

leading to the avowed or tacitly admitted conclusion that the flukes, like

the dorsal Jin, are appendages which have been secondarily acquired or

added to the morphological combination presented by the Cetacean organiza-

tion, and are not to be considered as representing, as seems to me far

more probable, the last degenerate vestiges of the distal portions of

primordially functional hind limbs.

What has led me to the preceding conclusions are the general laws

which seem to preside over limb development within the limits of the

Vertebrata, together with the results of a consideration of the effects of

certain degenerative tendencies accompanied by functional changes

and adaptations manifested in definite directions, as seen in all Ceta-

ceans, Sirenians, and Pinnipedia.

These views have been reached quite independently of any which

have been previously expressed to the same or similar effect by other

authors, and it was not until I had fully thought over the problem,

with such evidence as was then in my possession, that I ventured to

express my conclusions to my friend, Professor Gill, who at once agreed

with me in the main, and who then stated that he had actually pub-

lished an opinion upon the subject in a lecture* delivered in the winter

of 1882. Professor Gill has also been kind enough to write down for me
the following statement of his views :

" These characteristic struct-

ures are in my opinion derived from greatly hypertrophied integuments

of hind limbs analogous to such as are developed, for instance, to the

hind limbs of the eared seals, while the osseous elements have been

inversely atrophied, pulled forward, and reduced to supports for mus-

cles connected with the organs of generation."

'Scientific and Popular Views of Nature Contrasted, a lecture delivered in the

National Museum, March 11, 1882, pp. 10-11. Washington, 1882, Judd & Detweiler.
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It now remains for me to present the data and the conclusions to be

drawn therefrom in support of the hypothesis stated at the outset, and
in order to render the evidence as conclusive as possible it will be nec-

essary to consider the subject under discussion, first, in relation to the

organization of the adult whales, compared with that of the Pinnipedia;

secondly, in relation to the modes of development of the marine and
land mammals, entering into the discussion of special sets of structures

and their bearings upon the questions involved.

I.

—

The contrasts between the marine, amphibious, and ter-

restrial MAMMALIA.

(1) External form.—As remarked by Huxley, in the Cetacea "the

form of the body is still more fish-like than in the Sirenia." This is a

trait especially well marked in the existing genera Physalus and Leuco-

rluimphus, in which the caudal peduncle is vertically expanded as in

fishes, with high carina on the dorsal and ventral aspects. This fish-

like physiognomy is intensified by the development of the median dorsal

integument into a rigid fin-like integumentary fold, filled up with tough
non -contractile connective tissue, and with adipose cells filling in the

meshes between the fibers. There is a superficial layer of very tough

fibers just under the integument, which runs parallel with the anterior

sloping border of the fin. The medullary fibers are for the most part

disposed horizontally and constitute the bulk of its middle or central

substance. Blood-vessels, and probably nerves, enter the base of the

fin, and transverse its medulla in the plane of the vertical median line

of the body, not being evident superficially.

Beyond their outward resemblance they have no morphological like-

ness to the mobile dorsal fins of fishes, which are actuated by paired

muscles derived from the embryonic metameres.

This fin is also of less morphological importance in the organization

of the Cetacea than the flukes, for, while the latter are never wanting
in any known form, the dorsal fin is absent in Balama, Bhachianectes,

Agaphelus, Neomeris, Beluga and in all Sirenians; rudimentary, or only

present as a ridge or as a hump, as in Megaptera, Physeter, Inia, Leuco-

rhamphus, Platanista ; and moderately developed in Berardius, Orcella,

Kogia, Physalus, and Sibbaldius. These facts indicate that the dorsal fin

is physiologically of subordinate importance in comparison with the

flukes.

It also begins to develop in the embryo only after the flukes are

considerably advanced, thus showing that it is an organ which has been

acquired after the latter. In some forms there is a carina extending

forwards in the embryo as far as the front of the permanent dorsal fin.

It is probably by hypertrophy of the anterior part of this carina, which is

really a mere integumentary fold, that the dorsal fin of adult cetaceans

has been developed.

The fusiform, head, body, and tail combined, is obviously the result
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of extensive modifications of the original type from which the existing

cetaceans have descended. It will be observed that the central axis of

the head, trunk, and tail in adult cetaceans, as in fishes, are continua-

tions of each other, that is, the head is not bent downward on the neck,

and the latter thrown upwards at an angle to the trunk, and the tail

bent downward as in other Mammalia; that this was not the original

form of the cetacean body seems to be supported by considerable

embryological evidence.

(2) Affinities of Cetaceans.—Huxley, with his usual insight into the

probable relationship existing between living forms, holds to the opinion

that the Phocodontia (Zeuglodon, &c), constitute the connecting link be-

tween the existing Cetacea aud the aquatic Camivora, their cervical

vertebras being free aud unanchlylosed. The nasal bones, though ab-

breviated, are longer than those of any other Cetacean ; consequently the

external nareal opening was more nearly terminal and normal in posi-

tion than in existing forms. " The scapula appears to have had a spine

and acromion like that of manatee." " The humerus is compressed

from the side, and has true articular faces upon its distal end, although

they are of small size." It is, consequently, to be inferred that there

was greater freedom of motion of the a'ntebrachium upon the brachium,

and that the flexor and extensor muscles of the forearm were better de-

veloped than in the existing species. Others are inclined to doubt the

fact that the elbow-joint of Phocodontia possessed greater mobility than

that of the existing whales. The molar teeth of the Zeuglodontia or

Phocodontia also resemble those of certain Pinnipeds more than they do

the posterior portion of the series in any existing Cetaceans.

The embryological evidence is quite as conclusive as the paleontolo-

gical in favor of the idea that the extremely specialized existing whales

and porpoises have descended from at least amphibious, if not terrestrial

four-footed carnivorous mammals. As in the embryo of the walrus,

nearly 3 inches long, Fig. Ill, the young porpoise. Figs. I and II, its

Fig. I.—Fennile tetus of some Delphinoid form, from the side, natural size. (X. M. coll. C8-73.

cality not known.

Fig. II.—Tail of the same seen from above.

Lo-
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Fig. III.—Feetal walrus from the side, natural size. After Allen, Proc. Acad. Nat. Sci., Phila., 1880, p.

38. From a specimen obtained by Dr. I. I. Hayes.

head bent downward at an angle with the trunk, and there is a per-

ceptible neck or cervical constriction, indicating, as it seems to me, the

affiliation of the two types with each other by descent from a common
stem-form in which the head was differentiated from the body by a neck.

This conclusion is still further supported by the pronounced fusiform

shape of the neck, trunk, and tail combined, as seen in both types of

embryos.

The external genitalia are far in advance of the insertion of the hind

limb in the embryo walrus when compared with other embryo mam-
mals, as, for example, with the cat, Fig. 14, Plate I, where the external

genitalia are visible between the hind limbs instead of in front of them

on the median line. It would thus appear that the acquisition of the

fusiform or fish-like body so characteristic of Getacea and Pinnipedia

has entailed a number of changes or alterations in the morphological

relations of contiguous parts.

This is shown very forcibly in the development of the tail, which has

actually been hypertrophied in the Getacea if the hypothesis that they

have had a four-footed ancestry is correct. The tail of some of the ex-

isting Cetaceans contains about the same number of vertebrae as that of

the sea-otter, PJnhydris, but the extent to which its vertebrae and muscles

have been hypertrophied in the former is nowhere approached within

the limits of the Mammalia. None of the seals appear to have as many
caudal vertebrae as the otters or Cetacea, and in the living Pinnipedia

there is some evidence of caudal degeneracy which has been accom-

panied by another process, namely, the inclusion of more than half of

the caudal segments of the spinal column by the adjacent parts and the

integument, so that only the very short extremital portion of the tail is

apparent externally.

In Histrioplioca there are 18 caudals, in the fur seal 7. In many ce-

taceans they may somewhat exceed 25, including the sacrals, and may
even number 35 when the latter are included in the estimate. In Castor

there are 23, but in this case the segments are depressed and the trans-

verse processes are greatly developed. Enhydris has 20 caudals, 21

with sacrals, with only feeble transverse processes as compared with

those in the tail of Castor, where they are probably dependent upon the

special function of the tail for their pronounced development. In the
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Getacea, the transverse and vertical processes (neural and hsemal arches)

reach a more nearly equal development respectively, bat they are well

marked to nearer the end of the caudal series of segments than in other

mammals, obviously in correlation with the subdivided tendons and
penniform muscular slips into which the vast caudal musculature is

broken up in these animals.

(3) Translocation and inclusion of the hind limbs, and their degeneracy.—
Upon comparing the relation of the hind limbs to the tail in Fissipedia,

Pinnipedia, and Cetacea, certain very striking facts are brought to

light, the most important being that the limbs grow out and are pro-

gressively pushed backwards distally, in the series included by two of

the above-mentioned groups, so that while the proximal parts, such as

the pelvis and femur, retain their normal position in relation to the

sacral region of the spinal column, the bones of the crus and foot are

carried backwards, the proximal parts being involved by the contiguous

soft parts and lost to sight externally.

This view it will be seen receives support upon comparing the posi-

tion of the hind limbs of an embryo cat (fig. 14, pi. I) with that of the

walrus (Fig. III). While it must be borne in mind that the tail of the

walrus has undergone considerable degeneration, the cat has retained

the primordial extension of the caudal appendage, but the tail even in

this last instance has suffered degeneracy in volume or rather in diam-

eter, and represents a condition which is far more rudimentary than

even in the Reptilia, caudal degeneracy having apparently begun in the

latter and Amphibia, unless we except the extremely specialized gephy-

rocercal fishes, such as Mola. The tail of vertebrates in reality rep-

resents a part of the body from which the body cavity and digestive

canal has retreated forwards, for in all forms, the chorda, medulla spi-

nalis, and mesenteron are at some stage practically conterminous pos-

teriorly.

Bat even when we leave out of consideration the fact of caudal de-

generacy, there is a residuum of other facts indicating that the limbs

of pinnipeds have had their proximal parts included and that even in

the embryo there is no joint of the leg visible outwardly except the

ankle. This has carried the point where the embryonic hinder limb-

fold first appears, farther back in relation to the pectoral limb than in

the embryos of normally-developing Carnivora, of which the cat is the

type. While the femur is directed forwards in the Pinnipeds, the crus

and the foot are extended backwards, so that the legs become tied back-

wards, so to speak, by the integument and flesh in front of them. In

the cat's embryo the joints of the limbs externally apparent, in an even

less advanced one than that of the walrus here figured, are the ankle

and knee joints of the hind limb, and there is nothing of that backward
inclination of the proximal part of the limb as in the walrus and other

Pinnipeds.

It is this backward inclination and inclusion of the proximal parts of
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the hind-limbs of pinnipeds which gives them an apparently longer

trunk, a relatively wider interval between .the tore and hind pairs of

limbs. The backward inclination of the proximal ends of the hind limbs

and their inclusion, together with the anterior part of the tail within or

below the integumentary organs, also favors the development of the

fish like or fusiform aspect of the backwardly tapering thorax and abdo-

men, which will be intensified just in proportion as this process is

carried to an extreme, as it seemingly has been in the Getacea.

To generalize from what the foregoing data tend to show, it may be
said that, iu normal Camivora there has been no tendency to include

the femoral and crural parts of the hind limbs together with the tail,

whereas there has been such a tendency in the Pinnipeds, leaving only

the tarsal and pedal parts of their hind limbs exserted, so that the

primary horizontal limb-folds have in consequence grown out farther

back than in the embryos of terrestrial mammalia. In other words, the

exserted terminal part of the hind limb of the pinnipeds has been trans-

located backwards in consequence of the process just described; which
involves the inclusion of theproximal parts of the limb; this is the reverse

of the process involved in effecting the translocation of the pelvic limbs

of physoclist fish embryos, in which the shifting is sudden and occurs

in another way, as may be gathered from my notice* calling attention

to this singular phenomenon. The type which presents the morpho-
logical differentiation, and which would constitute it a connecting link

bridging the condition between the existing position of the representa-

tives of the hind feet, viz, the flukes in whales and the pedes of

pinnipeds, has been entirely lost, yet there are existing data which
support the conclusion that the flukes represent integumentary limb-

folds, which have, by the method of development now known to be
operative in the case of pinnipeds, been led to grow out ontogenetically

far remote from and posterior to their archaic position on the sides of

the tail instead of on the sides of the body. The flukes of whales,

which I chose to regard as the representatives of hind-feet, according

to hypothesis, have been translocated backwards over a wide interval,

but no more extensively than have the pelvic limbs of certain extreme
forms of physoclist fishes when that pair in the latter is compared in

respect to position with its archaic place iu the normal and unspec-

jalized Physostomes.

(4) Flower on the affinities of the Cetaceans.—AVhile Flower has not

committed himself so far as to specify precisely the form from which
the Cetaceans have been evolved, it seems to the writer that the dif-

ficulty of deriving their type of tail from that of a seal like form which
seems to him so insuperable is not so much so as he thinks, but I will

let him speak for himself:

*Ou the translocation forwards of tho rudiments of the pelvic tins in the embryos
pf physoclist fishes. (Am. Naturalist, XIX, 1885; pp. 315-317.)

S. Mis. 70 28
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"The steps by which a laud mammal may have been modified into a

purely aquatic one are clearly indicated by the stages which still

survive ainong the Garmvora, in the Otarice aud in the true seals. A
further change in the same direction would produce an auimal some,

what resembling a dolphin, and it has been thought that this may have

been the route by which the cetacean form has beeu developed. There

are, however, great difficulties in the way of tbis view. If the hind

limbs had ever been developed into the very efficient aquatic propelling

organs they present in the seals, it is not easy to imagine how they

could have become completely atrophied and their function transferred

to the tail. It is more likely that the Avhales were derived from animals

with long tails, which were used in swimming, eventually with such

effect that the hind limbs became no longer necessary. The powerful

tail, with its lateral cutaneous flanges, of an American species of otter

(Ptcronura SandbacMi) may give an idea of this member in the primi-

tive Cetaceans." *

Professor Flower has. since reiterated the preceding views with more

emphasis, as follows:

" One of the methods by which a laud mammal may have been changed

into an aquatic one is clearly shown in the stages which still survive

among the Carnivora. The seals are obviously modifications of the land

Carnivora, the Otarioe or sea lions and sea bears, being curiously inter-

mediate. Many naturalists have been tempted to think that the whales

represent a still further stage of the same kind of modification. So

firmly has this idea taken root that in most popular works on zoology,

in which an attempt is made to trace the pedigree of existing mammals,
the Cetacea are definitely placed as offshoots of the Pinnipedia, which

in their turn are derived from the Carnivora. But there is to my mind

a fatal objection to this view. The seal, of course, has much in common
with the whale, inasmuch as it is a mammal adapted for an aquatic life,

but it has been converted to its general fish-like form by the peculiar

development of its hind limbs into instruments of propulsion through the

water; for though the thighs and legs are small, the feet are large, aud

are the special organs of locomotion in the water, the tail being quite

rudimentary. The two feet applied together form an organ very like

the tail of a fish or whale, and functionally representing it, but only

functionally, for the time has, I trust, quite gone by when the Cetacea

were defined as animals with the l hinder limbs united, forming a. forked

horizontal tail.' .In the whales, as we have seen, the hind limbs are

aborted, and the tail developed into a powerful swimming organ. Now
it is difficult to suppose that, when the hind limbs had once become so

well adapted to a function so essential to the welfare of the animal as

that of swimming, they could ever have become reduced and their action

transferred to the tail. The animal must have been in a too helpless con-

*W. H. Flower, Articlo Mammalia, Encycl. Brittau., 9th ed., 4to, vol. xv, p. 394.

Edinburgh: Black, 1883.
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dition to maintain its existence during tlie transference if it took place,

as we must suppose, gradually. It is far more reasonable to suppose
that whales were derived from animals with large tails, which were used

in swimming, eventually, with such effect that the hind limbs became
no longer necessary, and so gradually disappeared. The powerful tail,

with lateral cutaneous flanges, of an American species of otter (Ptero-

nura Sandbachii), or the still more familiar tail of the beaver, may give

some idea of this member in the primitive Cetacea. I think that this

consideration disposes of the principal argument that the whales are

related to the seals, as most of the other resemblances, such as those in

the characters of their teeth, are evidently analogous resemblances re-

lated to similarity of habit.' 7 *

(5) Another view of the phytogeny of cetaceans.— I do not assert that

the hinder limbs are united to form a forked horizontal tail ; what I do
assert is that, in consequence of the rotation and extension backwards
of the hind limbs of a type in which the hind limbs were thus thrown
back parallel with the tail and included by the integument of the body,

these limbs were rendered more or less immobile, as a result of which

the limb skeleton, its muscles and the pelvis have atrophied, leaving,

however, the integuments of the feet in a posterior position on either

side of the end of the tail as the rudiments of flukes. This, I submit,

is to me a far more reasonable hypothesis than any which derives the

flukes from an entirely different source, viz, the cutaneous flanges of

the tail of the sea-otter.

The argument that " the animal must have been in a too helpless con-

dition to maintain its existence during the transference if it took place,

as we must suppose, gradually," can be met by citing the seals them-

selves, animals which certainly are somewhat helpless on laud, yet re-

markably graceful and active in the water. The Cetacea, on the other

hand, are quite helpless on land, but certainly not in the water, the

medium in which this gradual transference of function must have oc-

curred after the hind limbs became more and more useless as a means
of progression on land, when such a Protocetacean form would not

again venture upon the latter. It is thus rendered evident that

Professor Flower's arguments are not as insuperable as they at flrst

appear.

While the otters have the required number of caudal vertebrae which

would lit them to represent in that respect the type from which the

cetaceans have descended, the assumption that the lateral integument-

ary ridges on the tail of Pteronura might be exaggerated by gradual

evolution into the huge flukes of a Megaptera or Balwna is, to say the

least, far less satisfactory than the hypothesis that these structures are

the representatives of once functional feet. Moreover, the first traces

of the flukes of Cetacea do not at first appear ontogenetically, as they

* Whales, past and present, and their probable origin. Nature, XXVIII, 1883, p.

229.. Froni a lecture delivered before the Royal Institution, May 25, 1883.
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ougbt to, as longitudinal ridges or folds extending the whole length of

the tail, as in Pteronura, but as short, lateral, integumentary, ridgc-Wccfolds,

very like limb-folds in normal types, and very near the tip of the tail of

the embryo; these folds also gradually grow out as rounded lobes,

finally becoming acuminate. How little tbe mode of development of

the cetacean flukes resembles the adult condition of the tail in the

margined-tailed otter may bo gathered from the following extract, de-

scriptive of that organ in Pteronura, from a paper by J. E. Gray.* On
p. G5 (I. c. infra) it is stated : Tail conical, tapering, rather depressed,

covered with short hair and furnished with a subcylindrical prominent

ridge on each side ; end more depressed, two-edged, and fringed at tip.

I frankly admit, however, that the following question may be very

pertinently asked by those disposed to dispute the validity of my con-

clusion that the flukes of Cetacea and Sirenians represent the feet of

terrestrial mammalia; that is, " Why is it not as reasonable to suppose

that the flukes may not have arisen as lateral dermal folds in the same

way that the high, falcate dorsal fin of Orca has been unquestionably

developed ? " To this 1 have already in part replied by showing in the

first place that the dorsal fin of cetaceans is not always developed, and,

secondly, that when present it is always developed, so far as we know,

after the flukes have been formed as lateral folds. I may therefore per-

tinently put the following question for objectors to my hypothesis to

answer: "Why is it that the flukes are always present, and always in

a lateral position, or approximately in the place of a limb laterally, and

why there is not only very often a correlation in size but also of form

between the fore limb and the flukes of such tyftes as Megaptera and

Rhachianectes ? " And, finally, why is it that the flukes, as a rule, exceed

the fore limb in size, if such fact does not indicate that the flukes have

been derived from the integuments of a pes which has been devel-

oped in an ancestral form, as in the existing pinnipeds, to dimensions

generally in excess of those of the manus? Another query it may also

be interesting for objectors to my hypothesis to settle, viz, the variable

position of the dorsal fin in respect to the paired appendages of ceta-

ceans, showing that it grows, as I have asserted, from some part of an

extended dorsal integumentary fold, as attested by the observed facts

of development, as well by its extreme anterior position, in Globioceph-

alus and Orca, and its posterior one in tiibbaldins and Bcrardius. Lateral

carina arc, on the contrary, never found in. front of the base of the

flukes of cetacean embryo, these organs always developing from short

lateral folds at the sides of the end of the tail. Such lateral caudal

carina are also absent in the adult, judging from the casts in the U. S.

National Museum.
The caudal median notch posteriorly between the bases of the flukes

is also developed only after the flukes are fully formed in the embryo,

* Observations on the margined-tailed Otter. (Pteronura sandbachii.) Proc. Zool.

Soc., London, 1868, pp. Gl-GG ; Plate VII.
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in which the tip of the tail forms a perfectly round, sometimes slightly

exserted hemispherical tip beyond the hinder end of the growing fluke

folds before the latter have lost their rounded or lobate form. This

notch between the flukes I regard as representing in the hind limb both

the posterior axillary notches or re-entering angles behind the bases of

the fore limbs in Cetacea. It represents the interval between the edges

of the displaced and degenerate pedes, and not the perineum which has

been left far in advance of the flukes, owing to the manner in which the

pedal rudiments have been carried backwards in the course of the

progress of the degeneration of the proximal parts of the limbs due to

inclusion, and the gradual hypertrophy of other parts. The tail has

therefore assumed the function of the hind limbs in the cetaceans, and

although no longer available as an organ of locomotion on land, as are

the hind limbs of iflnnipeds: it is strange that the forces of Nature, which

have obviously been tending to the same end in the latter as in the

former, should have had to evolve, according to the old view, a new
organ when through natural processes of degeneration in one direction,

coupled with hypertrophy in another, an old one could be transformed

into the structure demanded by new conditions.

The partial loss of the ungues in the pes of pinnipeds has been re-

placed by a condition in which they are completely absent in the flukes

of the cetaceans and sirenians, the hairless pedal integuments extend-

ing in the first far beyond the nails. This hairless and nailless condi-

tion of the cetaceans is doubtless correlated with habit, and has be-

gun to manifest itself on the limbs of pinnipeds, in fact has been almost

completely attained by the nearly nude walrus, the simple teeth of which

arc also not to be left out of account iu this comparison.

(G) Anatomical and embryological data.—Huxley, with his usual sa-

gacity, has told us by implication in language of inimitable clearness,

in speaking of the structural characters of the Pinnipeds, what are

some of the morphological changes suffered by these animals in the

course of their evolution. Although in part almost a restatement of

what has been already said, I may be pardoned for quoting the observ-

ations of so eminent an authority. He says, * " The Pinnipedia, or seals

and walruses, are those Garnivora which come nearest the Cetacea. The

tail is united by a fold of skin which extends beyond its middle, with

the integument covering the hind legs. These are, in most species,

permanently stretched out in a line with the axis of the trunk." The

English anatomist was obviously impressed by the inclusion by integu-

ment of the femoral and crural parts of the hind limbs^ together with

the tail, as seen in Pinnipeds.

Huxley then proceeds (I.e.): " The toes are completely united by strong

webs, and the straight nails are sometimes reduced in number, or even

altogether abortive. The inner and outer digits of the pes are very

large."

* Anatomy of vertebrated animals, p. 359.
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The more or less complete abortion of the interdigital emarginations

in the maims and lies of pinnipeds has been quite completed in the

cetaceans ; the digits themselves having become in the latter much pro-

longed in the anterior limbs in which they have also acquired an in-

creased number of often very short phalanges, sometimes as many as

nine or even more in the second and third digits. This condition is,

however, probably an adaptive structure, evolved in consequence of the

acquisition of additional segments necessary when they first perma-

nently took to the median in which they now live and through whicli

they move. The tendency to abbreviate the mobile part of the limbs

and shorten the segments is manifest in the construction of the limbs

of almost all the fishes of the group Lyrifcra, in which it has also been

necessary, as in the whales and pinnipeds to shift, the insertions of the

flexor and extensor muscles outward upon the more distal elements, so

as to render them physiologically more effective. In most of the Lyri-

/era the muscles which move the fins have the most peripheral insertion

of any to be found within the limits of the Vertebrata, or upon the prox-

imal ends of the many-jointed rays shown by me to develop beneath the

epidermis from coalesced rods or primitive unjointed rays, just as the

limbs of the higher Vertebrata at first develop with an unjointed bar of

cartilage extending through their central axes.

While, traces of interdigital emarginations are visible in the fore limb

of cetacean embryos they are much more distinctly visible in the em-

bryos of pinnipeds where they are better developed than in the adult

of the latter, the meaning of which facts will be clear to The evolution-

ist.* The increase in the number of phalangeal segments, however, be-

gins abruptly in the cetaceans ; in most forms the middle digits contain

more than the number three, normal to the mammaliai#class, so that the

whales and porpoises are, in this respect, very different from the pinni-

peds. But it must be borne in mind that there are at least two prece-

dents of this kind which occur within the limits of the Beptilia which

have apparently, like the cetaceans, been modified for an exclusively

marine or aquatic existence; these are the Plesiosauria and Ichthyosau;

ria. As many as nine phalanges are found in a single digit of the pes

of the first type, and twenty-six in the third digit of the manus of Ichthy-

osaurus intermedins. These forms seem iudeed to have represented the

existing Cetaceans in the seas of -the Mesozoic ages.

This parallel is rendered still more striking when we recall the circum-

stance that in Ichthyosaurus, as in Cetaceans and Sirenians, the pelvis

is not connected with the spinal column, and that it has evidently under-

gone considerable degeneration, but in Ichthyosaurus there has been

no shitting of the distal part of the hind limb backwards, as in Pinni-

peds and Cetaceans. The hind limb derived, in Ichthyosaurus, from that

* Irregular emarginations arc noticeable on the hind margin of the flukes of Meg-

aptera. According to Eschricht such irregular emarginations arc visible along- the

posterior border of the flukes of an advanced foetus of a species of this genus.
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of a short-limbed reptilian type, resembling the crocodile, evidently

could not be permanently extended backwards by inclusion together

with the tail to such an extent as happened in the case of the cetaceans

through the intermediation of a form approximating that of the Pinni-

pcdia, with rather elongated hind limbs.

Ichthyosaurus may also serve to throw some light upon the genesis of

the dorsal fin of Cetaceans, if it is true, as surmised by Huxley (Anat.

Yertebrated Animals, p. 208), that there is some reason to suspect that

it had a vertical dorsal fin-like expansion of the integument of the tail.

Traces of such a structure are present in the dorsal and ventral integu-

mentary carina of the tail of the Crocodilia. By local hypertrophy

such a fold might, by Laving mesoblast proliferated from within, have

its dimeusions iucreased, but even if the process so far resembled the

early stages of normal limb-formation, one could not legitimately infer

for that reason that the flukes of the Cetaceans were structures of the

same nature as the dorsal fin, namely, a mere integumentary fold, such

as we have grounds for suspecting was evolved in Ichthyosaurus from an

antecedent type with an extended dorsal, caudal fold, as it has been

shown, on the basis of the comparison of generic types and embryos,

must have been tbe case in Cetaceans, so that in both the reptile and

mammal the dorsal fin was developed as a new structure, or was de-

veloped through reversion out of one which had been inherited from the

more remote lyriferous or amphibian types, which had continuous

dorsal and ventral median fin-folds, but which had no relation whatever

to paired limbs.

The same immobility of the phalanges of Ichthyosaurus upon each

other and the excessive abbreviation of. the humerus, ulna, and radius,

which must have involved the suppression of the finger muscles, are

characters which the limbs of this reptile must have possessed in com-

mon with the fore limbs of Cetacea, but these characters obviously in-

dicate no relationship, but rather that environing conditions of a sim-

ilar nature have led to the production of very similar degrees of mor-

phological differentiation in these two types otherwise totally unrelated.

(7) The genesis of extra phalangeal elements in Cetacea.—Upon mak-

ing an examination of the limbs of pinnipeds it is found that in Eumeio-

pias and Callorhinus, for example, the ungual phalanges consist of two

parts, namely, a short proximal osseous part, to which the nail is at-

tached, and a very long distal part composed of cartilage which is ex-

tended beyond the nail into the produced marginal integumentary folds

of the manus and pes. A careful examination reveals the fact that the

osseous portion of the ungual phalanx is actually prolonged as cartilage

as above described. This cartilaginous extension of the ungual pha-

langes, I take it, has afforded the basis, in some ancestral seal-like ibrm,

for the development of an increased number of digits beyond the ungual

phalanx, as in Cetacea. Let such a cartilaginous extension of the un-

gual phalanges become segmented, and then have ossific deposits laid
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down in the center of each additional segment so formed, we would
have phalanges produced in excess of the number found in the digits

of normal forms. Upon comparing this hypothetical method of the

evolution of the supernumerary phalanges in the digits of the manus
of cetaceans with what actually happens during development in the

latter, it is found that the actual development favorably countenances

the hypothesis.

The terminal or distal phalanges in Cetaceans while they are indi-

cated by segments of cartilage very early, as will be seen by the foetal

manus represented on Plate II, by tig. 17, ossify from centers which

actually appear enchondrally much later than those of the proximal

phalangeal joints, as minute round ossific nodules in the middle of the

cartilaginous segment. These nodules or nuclei of the osseous terminal

phalanges also diminish in size from within outwards. It would there

fore seem that the supernumerary terminal phalanges of the cetacean

manus develop last, which is in conformity with the hypothesis.

(8.) The muscles of the limbs of seals and the vessels of the flukes of Ceta-

ceans.—The hind limbs of the pinnipeds and Ichthyosauri, however, re-

tained their capabilities of movement through a special arrangement of

muscles arising from the axial skeleton and iuserted mainly into the mid-

dle third of the skeleton of the limbs. While there has been a consider-

ble shifting peripherad of the insertions of the muscles in the former there

has been a tendency for the whole hind limb to diminish in size in the

latter type and no tendency towards the complete atrophy of the distal

part of the appendicular skeleton and musculature of the hind limb as in

Cetacea, in consequence of which in the latter the llukc or distal part of

the hind limb has become a mere rigid hollow lateral diverticulum of the

integument, filled with fibrous tissue and possessing no mobility distinct

from that possessedby the tail as a whole. In short, thedegeneracy of the

hind limbs of Cetaceans is complete and presents the unexampled con-

dition of part of a limb permanently developed in the adult to a stage

which is practically comparable to a transient condition in tne embryo
when the limb fold is filled with undifferentiated mesoblastic cells. These

folds, as the flukes, however, approximate the form of the distal half or

two-thirds of the fore limbs, from which the skeleton has vanished to-

gether with the muscles, tendons, and nerves appertaining to them, the

normal mammalian arrangement of the vessels and nerves being ap-

proximated by a superficial dorsal and ventral system which is not at

first sight so obviously homologous with the vessels and nerves of the

typical mammalian hind limb. The vessels are arranged in about ten

dorsal and eleven ventral pairs just below the integument of the fluke.

The fourth pair reckoning from the front is most strongly developed and

extends to the tip of the fluke, giving off smaller branches on either side

from its distal two-thirds. These secondary branches carry the blood

supply to the tips of the flukes. The other ten pairs of vessels sent into

the base of the fluke, three in front of the main vessel and seven behind
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it, are short and only pass out to about as far as the basal third of the

fluke. In all there are 42 vessels supplying the flukes, 21 to each side,

and they correspond only partially with the number of vertebral seg-

ments, of which as many as fifteen may be included between the bases

of the flukes of opposite sides. This is the arrangement in Phocama,

and it is doubtless similar in other forms. The superficial and not axial

position of the vessels is a striking peculiarity and is very different from

the arrangement of the blood supply of the dorsal fin, as elsewhere de-

scribed.

The arrangement of the vascular supply of the flukes thus affords a

strong argument in favor of the view which I have defended, viz, that

the flukes are tbe homologues of feet and not special lateral integument-

ary outgrowths. On the hypothesis that the flukes are mainly homolo-

gous with a pes, or perhaps the digital part of a pes, there ovght to be

about ten vessels present on the dorsal and as many on the ventral

side of tbe flukes representing the paired interdigital arteries, of which

there are two pairs to each digit in the manus, as well as pes of normal

mammals. In the foot of the latter these arise from the dorsalis pedis

on the dorsal side and from the external and internal plantar artery on

the ventral side. This close correspondence between the normal num-
ber of dorsal and ventral interdigital arteries in normal forms and those

found in the flukes of Getacea is, to say the least, suggestive, though
it must.be admitted that it cannot be proved that they arise in the

Getacea from the femoral and popliteal continuations of the external

iliac, but have acquired a new origin from the caudal continuation of

the aorta and its dorsal branches serially homologous with intercostal

arteries anteriorly.

The arrangement of the principal and deeper vessels of the manus
of Phocccna I have not investigated, but it has struck me as being very
remarkable that the distal third of the manus should be supplied by
longitudinal vascular trunks lying between the second and third digits,

these trunks giving off lateral twigs on either side to supply the whole
of the terminal third of the flipper or manus, just as the distal two-

thirds of the flukes are supplied by the long fourth dorsal and ventral

arterial trunks, which, like the distal trunks in the former, give off

lateral twigs, which run to the anterior and posterior borders of the

flukes. This arrangement of vessels in both seems to me to indicate

more than a mere analogical resemblance; that, in fact, the two princi-

pal trunks of the fluke are the interdigital vessels which were most
strongly developed alongside of the longest, probably the second digit

of the pes, before the phalanges of the others began to atrophy.

Murie* figures the principal superficial ventral vessel of the flukes of

.Globiocephalus. but does not show the accessory shorter ones running

parallel with it in front and behind its proximal end. Here, as in Pho-

* On tlio organization of tho Caaing whale, Globiocephalus viclcts. Trans. Zool. Soc.

London, VIII, 1874, pp, 235-301 (fig. 58, pi. 3f»).
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ccena, these arteries are probably accompanied by veins, which, run par-

allel with the arteries of the flukes. In Globioccphalus, according to

Mnrie's figure, this principal vessel gives oft' lateral branches nearer its

origin than in Phoccuna, and its proximal end is turned forward as though

connected laterally or at the side of the vertebree of the tail with

branches given oft' by the median inferior caudal continuation of the

aorta.

In the memoir cited above (p. 269) Muriealso disputes the conclusion

of Hunter and others that the abdominal aorta does not send off any

external iliac branches. The arrangement which he described in the

female Globiocephalus seems to be similar to that found in Phoccena.

The common iliac after giving off the hypogastric divided into what he

regarded as external and internal iliac arteries. The external, imme-

diately beyond its origin, split and sent rami to the parietes of the abdo-

men and genital parts. Its other main branch passed beneath the os in-

nominatum and interpelvic facia or ligaments and there broke up into

several diminutive channels; some of these were distributed to the

pubo and ilio-coccygeus muscle ; others with a nerve pierced the inter-

pelvic fascia at the notch, just behind the anterior capitulum of the bone.

Beyond this, in consequence of the complete atrophy of the functional

parts of the limb, viz: femur, tibia, bones of the pes and the muscles

which actuate them, one would not expect to trace these vessels so that

the flukes would seem to get their blood supply from another source

through secondary adaptation, as has in fact been already stated.

(9) The digits of pinnipeds and cetaceans.—As in the seals the digits of

the manus of Cetaceans diminish in length from within outward, that

is, from the second to the fifth, the first digit or that corresponding to

the thumb being anterior and exterior, so that the fore limb is perma-

nently prone and is rotated backwards, as are the hind limbs of the

former. There is, however, an even more interesting correspondence

between the form and structure of the fore limb and the flukes, as seen

in Phoca'na, in which the layer of blubber extends out under the skin

investing the manus for something more than one-half of its length

from the base outwards. In the flukes, on the other hand, no blubber is

found ; in fact, the layer of fatty tissue bearing that name does not ex-

tend even as far as their anterior borders, ceasing beneath the integu-

ment covering the caudal peduncle, considerably in advance of the

flukes.

The subdermal coating of blubber which invests the fore limb is in-

terposed between the degenerate tendons of the finger muscles and the

skin, whereas in the hind feet or flukes the superficial stratum of longi-

tudinal tendon-like bundles of fibers lie immediately under the integu-

ment. These superficial tendinous bundles in the flukes I have else-

where spoken of as possibly representing the degenerate system of the

flexor and extensor tendons of the pes, though I am aware that a simi-

lar arrangement is found in the dorsal tin when it is developed, in which
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there is, however, no connection or close relation with the tendinous in-

sertions of any muscles whatsoever, such as is the case in the flukes.

The muscular connection of the flukes is indirect ; that is to say, the

tendons of the supra- and infra-caudal muscles send only a small portion

of their fibers into the flukes, yet even this is a condition which con-

trasts very sharply with the relations of the superficial tendinous fibers

of the dorsal fin, which have absolutely no connection with any mus-

cles either directly or indirectly.

(10) The nervous supply of the flukes of Cetaceans.—The sensory nerv-

ous supply of the flukes has a distribution slightly deeper but similar

to the vessels, and is derived from the four great lumbo-caudal cords,*

which represent the lumbar plexus of normal Mammalia extended

backwards into the tail. In my own dissections I have found it diffi-

cult to make out more than two or three pairs entering the anterior

basal part of the flukes, and these arise from the dorsal pair of cords

dorsally, and from the ventral pair ventrally. There are, doubtless,

other smaller pairs behind those found by me, but the excessive tough-

ness of the fibrous tissues in their vicinity has rendered the determi-

nation of their number a difficult undertaking. The nervous supply is

obviously not derived from the continuation of a homologue of the

great sciatic as in normal Mammalia, unless, as seems probable, it would
be possible to trace the terminal fibers of the great caudal plexus as

the homologue of those of the terminal part of the great sciatic trunk

of normal forms. This aspect of the question under consideration must,

however, be viewed in another connection, but it may not be amiss to

now point out the fact that the four cords found to enter into the lumbo-

caudal plexus of Cetaceans are represented by structures which, even

in so highly a differentiated organism as man, may be homologized with

what is found in the Cetacea. The dorsal cord in the latter is repre-

sented in man by the posterior branches of the lumbar and sacral

nerves, the ventral cord by the anterior lumbar and sacral. While the

ventral system is mainly developed in man in correspondence with the

massive and essentially ventral musculature of the pelvic limbs, on the

contrary, the dorsal and ventral systems are about equally developed

in the cetaceans, in consequence of the fact that functional hind limbs

have been aborted in the latter, while the dorsal aud ventral caudal

muscles have been more posteriorly developed, and have acquired about

equal volumes, a condition which has called for an equally-developed

nerve supply for both the upper and lower set of hypertrophied caudal

muscles.

(11) Translocation of muscular insertions in hind limbs.—The manner
in which the limbs of pinnipeds have been bent backwards has already

been considered, but the remarkable shiftiug backwards of the muscu-—
,
—

* These, were first described by D. J. Cunniughani, Journ. Anat. and Physiol., XI,

pp. 209 to 228, Plate VII, the title of his paper on the subject being "The spinal

nervons system of the porpoise and dolphin."
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lar insertions of the muscles of the hind limbs of these animals must

now be considered in its bearing upon the question of the evolution of

the Cetacean type.

In Phoca vitulina, Huxley* observes that " the fore limb is buried

beyond the elbow in the common integument, but the flexible wrist

allows the weight of the body to be supported by the palmar surface of

the manus. The hind limbs, on the contrary, are permanently extended

and turned backward parallel with the tail, which lies between them,

and with which they form a sort of terminal fin. When the seal

swims, in fact, the fore limbs are applied against the sides of the thorax,

and, the hinder moiety of the body being very flexible, the conjoined

hind limbs and tail are put to the same use as the caudal fin of a ceta-

cean. The seal has twenty dorso lumbar vertebrae, of which five are

lumbar. There are four sacral vertebrae, but only one of these unites

with the ilia. Eleven vertebra? enter into the formation of the short

tail."

(Op. cit., p. 362.) "The ilium is short, and the long pubis and

ischium are greatly inclined backward, so that the long diameter of the

os innominatum makes only an acute angle with the spine. The femur

is much shorter than the humerus. The tibia and fibula are auchylosed,

and more than twice as long as the femur. The pes is longer than the

tibia. The astragalus has a peculiar, roof-shaped, tibial surface, and

sends a process backward which contributes to the formation of the

very short heel. The hallux is the strongest of the digits
;
while this

and the" fifth digit are the longest of those of the pes.

"The cutaneous muscle is largely developed and inserted into the

humerus. The pectoralis major is very large, and arises from each side

of the prolonged manubrium, and even in front of it, beneath the neck
;

the fibers of the muscles of opposite sides are continuous. The palmaris

longus is a strong muscle, but the proper digital muscles are weak or

absent, as in the case of the abductor, adductor, flexor brcvis, and op-

poucus (p. 363) of the fifth digit. A special long abductor of this digit,

however, pusses from the olecranon to the distal phalanx. The iliacus

is wanting, and there is no psoas major ; but the muscles which repre-

sent the psoas minor and the subvertebral muscles of the Cetacea are

very large and play an important part in effecting the locomotion

of the seal. The pectincus is very small, and the other adductors are

inserted, not into the femur but into the tibia. The gluteus maximus is

inserted into the whole length of the femur. The semimembranosus

and scmitendinosus are replaced by a, caudo-tibialis, which arises from

the anterior caudal vertebrae and is inserted into the tibia, some of its

tendinous fibers extending to the planter aspect of the hallux. The

poplitceus and gastrocnemius are strong, but there is no solceus. The

tendon of the plantaris passes over the caleaueum and ends on the

Anatomy of vertebrated animals, 361.
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plantar fascia of the perforated tendon of the fourth digit. The other-

perforated tendons seem to arise from the fascia attached to the cal-

caneus."

Professor Humphrey has also noticed the inclusion of the hind limbs

of the seal in a paper* from which I quote these words : " In Phoca the

knees are bent up beneath the abdominal muscles and the two hinder

limbs are inclosed with the tail for some distance, in one fold, so as to

form a flattened termination to the animal, reminding us not a little of

tlie tail of a cetacean ; the wing-like processes of which (the flukes)

might seem to be represented by the laterally expanded feet of the

seal."

Dr. Humphrey's account of the muscles of the hind limb of Phoca
communis differs slightly from that given by Professor Huxley. The
Hiaeu8 intemus, according to Humphrey, was represented only by a

few iibers passing from the anterior surface of the ilium (internal to

the attachment of the large quadratus lumborum which occupies

almost all this surface of the ilium), and joining the psoas in the thigh.

The psoas magnus is present, according to Humphrey, in Phoca, aris-

ing from the lumbar transverse processes and last rib, and is inserted into

the brim of the pelvis in front of the hip-joint ; some of its iibers were

continued down the inner side of the thigh, and inserted into the large

rough supra-condyloid ridge. These were chiefly the libers that arise

lowest down, and which had therefore a nearly horizontal course. It is

remarked, however, in a foot-note, that :
" It may be a question whether

these fibers, arising low down and passing to the femur, appertain to

the psoas or iliacus.

There is no distinct internal trochanter in the seal, and none of the

fibers, either of the j^oas, or iliacus interims, arc inserted in that situa-

tion, translocation backwards of these insertions, as noted above, having

occurred.

Psoas parvus was large, and arose from the bodies of the lumbar ver-

tebra? and slightly from the edge of the hindmost rib, and was inserted

into a projecting process of the pubes internal to the psoas magnus.
The gracilis in Phoca is very broad, and covers the symphysis pubis,

being continuous with the muscle of the opposite side. The chief direc-

tion of its fibers is transverse, but they radiate as they approach the

leg, the upper fibers ascending nearly to the knee, and the lower fibers

descending to the inner ankle, covering the interval between the internal

malleolus and os calcis, and extending as a fascial expansion over the

plantar fascia and muscles. Many of its fibers are inserted at right-

angles, or nearly so, into a tendon which ran along its fore-part parallel

with the tibia. This tendon, passing the inner ankle, is continued on the

plantar aspect of the hallux into a tendon which represented the flexor

brevis and adductor hallucis, and was inserted with them into the base of

* Oa the myology of Orijctcropus capcnsls and Phoca communis, Jouru. Anat. and

Physiology, II, 1868, pp. 290-322, plates III-VI.
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the first phalanx of the hallux; some of its fibers extending to the distal

end of that phalanx. In one foot of this seal the hinder margin of the

gracilis tendon was also thick, and formed or contributed to form the

superficial flexor tendon of the fifth digit.

In Phoca the muscles of the front of the abdomen overhung the knee;

aud when these were removed a wide, deep chasm was exposed between

the loug pubes, on the one side, and the thigh, knee, aud leg on the

other. This chasm was crossed by a large muscle passing from the side

of the symphysis pubis to the front of the upper part of the leg and knee

beneath the gracilis. It may perhaps be regarded as an adductor mag-

mis.

Gluteus maximus in Phoca arose from the back of the crest of the

ilium, the sacral spines, and the sacro-iliac ligaments, and was attached

to the trochanter and the external supra-condyloid ridge of the femur,

while its lower part expanded over the knee joint. Some of its fibers

were continuous with those of the vastus externus.

This somewhat extended discussion of the muscular anatomy of the

hind limbs of the Pinnipedia has been thought necessary in order to

bring out as prominently as possible the fact that some of the insertions

of the muscles of the hiud limb have really traveled backward behind

their usual position on the bones of the same pair of limbs of normal

Mammalia. This is obviously a teleological modification, or one which

lias been needed in order to make the muscles more effective upon the

distal or exserted part of the limb or the pes. The fact that the ab-

dominal muscles overlap or extend over the knees of Phoca shows how
real is this backward extension of the musculature of the body, which

has been obviously aided by the shortening of the femur and lengthen-

ing of the cms in this type, the Pinnipedia. In one case even the origin

of a muscular pair seems to have been pushed backward somewhat ; it

is that of the muscle called the caudo-tibialis by Huxley, and regarded

by him as the homologue of the semimembranosus and semitendinosus of

normal mammals.

Quoting again from Humphrey, I may illustrate the fact that the

posterior girdle and muscles of the pinniped are actually undergcing

degeneration in certain directions. He says :
a In the seal the terminal

parts of the limbs, especially of the hind limbs, are large, and spread

out fan-like, the digits being thin, long, of nearly equal length, and in

the same plane ; and the size of the fau is increased or diminished in

each foot, chiefly by the distancing or approximating of the other digits

to the first, and the lateral movement of the digits therefore increases

from the first to the fifth. The dorsal and plantar surfaces of the ter-

minal parts of the hind limb are in the same plane with those of the

leg ; the projecting part of the heel-bone, which is small, is drawn for-

ward or upward, and the hinder part of the astragulus, carrying the

groove for the flexor tendon of the toes, is draw up with and projects

nearly as far. The lumbar and hinder five or six dorsal vertebra} are
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constructed so as to admit of full anteroposterior movement ; whereas

the iliac bones are short and directed outward, presenting flat surfaces

anteriorly, and the ischiatic bones, though long, are slender, showing

that the muscles which pass from the pelvis to the short thighs are

small. These features have, of course, relation to the fact that the

propulsion of the animal is effected not, as in ordinary mammals, by the

movements of the limbs upon the pelvis, but rather, as in the fish, by
the movements of the hinder part of the vertebral column upon the rest

of the trunk, the limbs of the seal serving chiefly like the tail rays of

the fish to give width to that part of the column."

(12) Degeneracy of the pelvis in pinnipeds.—The relatively small pelvis,

with its thin and sleuder pubes and ischia in the PhoddcB, is remarkable,

though a similar pelvic degeneracj' is even more obvious in the skele-

ton of the fur-seal Callorhinits. I regard this degeneracy of the pelvis

and proximal musculature, and the evident translocation of some of the

muscular insertions backward, the inclusion of the knees by the hinder

part of abdominal musculature, as very clearly indicative of the mode
in which the pes of Cetacea were shifted backward, the skeleton finally

aborting utterly, so as to leave only a pair of pedal folds projecting from

the sides of the tail, stiffened by a peculiar arrangement of fibers, fully

described by Eoux,* who develops an elaborate hypothesis to account

for the arrangement of these connective tissue fibers in the flukes, but

he continually speaks of the flukes as Flossen (fins), and seems to have
no suspicion in regard to their true nature, viz, that they are the de-

generate translocated distal portions of the hind limb.

Dr. Gill,t who seems to have been the first author to appreciate the im-

portance of the inclusion of the proximal parts of the hind limbs of pin-

nipeds, and to avail himself of it in taxonomy, uses the important char-

acter discussed above as diagnostic of the Pinnipedia, contrasting the

latter with Fissipcdia as follows : Body prone, with the legs confined in

the common integument beyond the elbows and knees (with the feet ro-

tated backwards, and with toes connected together), and especially

adapted for swimming. Manns and pes with first phalanges and digits

enlarged and produced beyond the others."

Allen \ contrasts the Phocidce and Otariadce as follows:

[1] " In the Phocidcv the hind limbs are extended backwards in a line

parallel with the body; the legs are so inclosed within the integuments

of the body that they have little or no motion, and the feet are movable

only in a relatively small degree, in an obliquely lateral direction.

* Beitrage zur Morphologic tier functionellen Aupassung. 1. Structur cines liocli

differenzirten bindegewebigen Organes (der Sch-wanzilossc des Dolphin). Arch. f.

Anat.u. Physiol., 1883, pp. 76-1G1, 1 pi.

t Synoptical tables of characters of the subdivisions of mammals, with catalogue of

the genera. Smihsoniau Miscel. Coil. 230, Nov., 1872. In arraugement of the fami-

lies of mammals.

$ On the eared seals (Olariadw) with detailed descriptions of the North Pacific spe-

cies. Bull. Mus. Comp. Zool.^II, No. 1, pp. 108, pis. 3.
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[2] " Iii consequence of this peculiar structure the only purpose which

these organs can subserve is that of swimming-

. On land progression

is mainly accomplished by a wriggling serpentine motion of the body,

slightly assisted by the extremities.

[3] "In the Phocidce the tarsal articulation allows but a small amount

of movement of the foot, which, when naturally at rest, forms but a

slight angle with the leg.

# * * # * # *

[4] "The bones of the pelvis (of the Phocidce) are all thin and slender."

\1] "In the Otariadce the hind limbs are somewhat free, and when in

a natural position (on land) the feet are turned forward, and serve to

raise the body from the ground.

[2] "They also (imperfectly) serve the purpose of walking; these

animals being able to progress when out of the water several miles an

hour, and to run for a short distance with nearly the rapidity of a man.

[3] "In the Otariadce the foot when similarly at rest forms with the

leg an angle of at least 90°.

[4] " The bones of the pelvis are all thick and stout, especially the

walls of the acetabula. The acetabula are themselves very much larger

thau in PhocaP
" The length of the ischio-pubic part [of the pelvis of Phocidce] to the

length of the ilia is as three to one." In the Otariadce the proportions

of these bones is nearly as one to one.

It is thus rendered obvious that these two families are divergent and

quite distinct. The effects of degeneracy are most apparent in the

pelvic girdle and hind limbs of the Phocidce, as is shown by the con-

trasts given by Mr. Allen.

(13) Tendency to pronation of the pes in pinnipeds.—Professor Lucas

iu an elaborate paper on the osseous skeleton of the seal and otter,*

has given some account of the swimming habits of Phoca and its os-

teology which are of interest in this connection. He calls attention to

some of the facts already alluded to, and in addition directs attention

to the strongly marked pronation of the leg and foot, the dorsum of the

latter being directed outwards and the plantar surface inwards.

This pronation of the foot was probably carried still farther in the

Protocetacean type, which gave rise to the existing forms. In them the

foot was probably directed backward and so greatly pronated as to

bring the hallux or longest digit to the outer or external margin of the

extremity of the limb. The plantar surface would then be brought

into its original ventral position, while the dorsal side would bo supe-

rior, the reverse of which would have been the case had the limb been

simply swung backwards parallel with the tail without pronation or

semi-rotation upon its own axis. But the hallux, which was probably

*Die Robbo and die Otter in ilirem Knoeken and Muskcl-skclct, eine aiuif omisch-

zoologische Studie. Abb. I. Senokenbergisckcn naturibrscheudeu Gesollschaft, VIII,

1872, pp. 277-378, pi. 14.
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the longest digit for a time, would become the fifth instead of the first,

when counted from within outwards. The hallux then probably grew
gradually shorter when the second and third digits became the princi-

pal ones in the pes as well as in the manus, after which they atrophied

entirely, leaving only the vessels to serve as traces of their former pres-

ence.

The extremely short neck of the cetaceans, due to the abbreviation

of the cervical vertebrae, has brought the origins of the fore limbs nearer

the head and to some extent obscured the inclusion by the soft parts

of the arm and fore-arm which has taken place in these forms. Such
an inclusion of the proximal joints of the fore limbs has also occurred

in the pinnipeds, but in them, as in Eumetopias, for example, the nor-

mal length of cervical vertebras has been retained, so that when the

living animal is observed the neck seems longer than it actually is, be-

cause of the inclusion of the upper parrs of the fore limb so as to leave

little more than the manus free, a condition which gives rise to the il-

lusive appearance of a long neck ; in fact, the neck of the sea-lion as

beheld and understood by one knowing nothing of the internal anat-

omy of the animal, would include some of the anterior dorsal or trunk

vertebrae, together with the true cervicals. In the whales, however, so

great has been the actual shortening of the neck that the effect of the

inclusion of the proximal parts of the fore limb on the apparent length

of the neck is lost, but if the neck vertebras of a cetacean are imagined

to be of their usual proportional length in a skeleton, and if the exten-

sion so gained be added with a pair of dividers to a figure of the latter

the effects of the inclusion of the upper parts of the fore limb at once

become apparent. In foetal cetaceans the neck is proportionally some-

what longer than in the adults.

(14) The auditory bulke of Phoeidce and rudimentary pinnae in Cctacea.—
It is worthy of notice that the bulla tympani in the Phocidw are very

large and thick walled and not so intimately joined to the adjacent

bones of the skull as in the typical land Carnivora, thus approximating

the Cetacea somewhat. The eared seals have a distinct though rudi-

mentary pinna or external ear developed, which is wanting in the PJio-

cidce. That even the ancestry of the Cetacea were possessed of well

developed pinnae or external ears seems to be countenanced by the fact

that Howes* has found a minute cylindrical appendage close to and
just behind the external auditory meatus of the embryo of Phocwna,

Such rudiments of pinnas seem to be unusual iu embryo Cetaceans, as

the writer has not found them present in any of the foetuses of the

species examined by him.

II.

—

Development.

In all the figures of cetacean embryos which have been published

and to which I have had access, the same law which presides over the

"Journ. Anat. and Physiol., XIV.
8. Mis. 70 29
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order of the outgrowth of the limbs is shown to hold as for all other

vertebrates, provided the fluke folds be regarded as representative of

the hinder limb folds; otherwise the cetaceans must be regarded as

anomalous or exceptional in this respect and permanently without any

traces of externally developed posterior appendicular organs, even in

the embryonic condition. Granting, however, that the discussion of

the morphology of the adult has justified the acceptance of the doctrine

of the translocation of the limb backwards by the progressive inclusion

of more and more of the proximal parts of the hind limbs of some

decidedly ambulatory ancestral form by the gradual advance from be-

fore of the integuments of the body in common over the hind limbs and

tail until nothing but the feet have remained exserted, a process which

we see has already begun and reached a very marked development in

the existing pinnipeds, the reader maybe led to admit that my hypothe-

sis when applied to the interpretation of the order of appearance of

certain parts in the embryo is not so unreasonable as might at first be

supposed. lie must at any rate admit that the process which has be-

gun to modify the limbs and pelvic girdle of pinnipeds if carried still

farther must actually lead toward what now exists in the cetaceans;

and that as a result of the process of inclusion of the limbs their skele-

ton must necessarily first become immobile and then atrophy, and that

not only the muscles but the nerves and vessels must also atrophy or be

so modified as to leave scarcely any recognizable representatives of

their homologues as found in the hind limbs of normal mammals. We
are thus, I venture to fully believe, put upon the clew which will lead

us along the course which the evolution of the cetacean tail has taken
;

and, while asserting that the pinnipeds very distinctly give us the inti-

mation of how this structure was developed, it does not necessarily fol-

low that the pinnipeds are tending to become whales or that a typical

pinnipedian ancestry for the Cctacea is assumed. In other words, I

do not mean to imply that the latter have been evolved from seals, but

I do insist that the ancestor of the Cctacea must have been more or less

seal-like in the organization of the hind-body and hind-limbs; yet I am
not at all certain after considering the many resemblances existing be-

tween, the seals and whales that they are not genetically allied. In

that event their common ancestry must be referred to a remote period

in the history of the development of the higher organic types. That

the Cetacea are allied through descent to the Ungitlata is, it seems to

me, founded on far less convincing evidence than the assumption that

they are affiliated through descent with the terrestrial and amphibious

Carnivora, especially the latter.

The Sircnia have possibly descended from a quite different ancestral

type, and while they have been modified in an analogous manner, so far

as the hind limbs are concerned, they present every evidence in other

respects of hawing arisen from an herbivorous progenitor.

The mode in which the shifting of the hind limb has been accom-
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plished being understood, we find, as already urged, that the laws of

limb development support my hypothesis, as may be seen upon consid

ering the following general principles

:

1. The hindmost pair of limbs is always the last to grow out in the

embryos of Vertebrata, the fore limb at an early stage being larger and

longer as a limb fold than the rudiment of the hinder limb fold. The
fluke-folds of cetacean embryos grow out after the pectoral limb has

its cartilaginous skeleton well developed. The inference to be drawn
from this is that the former probably represent what remains of the

hind limbs to be externally developed through functional adaptation or

loss of function, and its assumption by the caudal musculature actuat-

ing the whole caudal series of vertebne, with the degenerate distal rem-

nants of the hind limbs shoved back, as described, and more or less

rigidly affixed to the sides of the tail, so that the feet or flukes have

become secondarily functional, so to speak, and part of an apparatus

evolved parimpassu with the almost complete atrophy and inclusiou of

the pelvis and rudiments of limbs within the integuments investing the

hinder part of the body and tail.

The degenerate or skeletonless state of the pelvic limb folds is so

strongly influenced in this group by heredity directly that I am aware

of few or no parallels. Its posterior origin is paralleled by the attyp-

ical or abnormal anterior origin of the pelvic limb folds of Physoclisii,

as in Lophius, for example, in which translocation forwards of the pel-

vic limbs has occurred, instead of a backward translocation, as in the

cetacean. But these two types again differ in that in Lophius it is

the whole of the hind limb, together with the girdle, which is so trans-

located while in the Cetacea it is obviously only the exaggerated integu-

mentary investments of the pes which are carried backwards at the end

of the hind limb. In Lophius the original site where the pelvic limb

fold fust appears in the embryo is nearly as far in advance of its archaic

site in the embryos of the most undifferentiated Physostomes as the

pedal folds in cetacean embryos are behind their archaic site or posi-

tion of origin in normal mammalian foetuses.

My own observations on Globiocephalus, as well as those of Eschricht

on Delphinapterus or the white whale (fig. l'o a, Plate II), show that the

first traces of the flukes or hind feet appear in the embryo cetacean as

a lateral terminal pair of very low short folds, with a gently curved

margin, as seen from the dorsal side, giving the end of the tail of the

embryo when thus viewed the appearance of a lance head.

Sections at this stage show no traces of a skeleton, nothing but a

medullary mass of indifferent mesoblastic cells filling up these folds of

epidermis, which represent the rudiments of the pedes. Coincidently

with this early stage the cartilages of all the bones of the pectoral limb

are fully developed ; all the carpal and phalangeal cartilages are also

fully formed, as shown in the enlarged figure of the manus of Globio-

cephalus (Pig. 17). No traces of interosseous muscles or of flexors and
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extensors of the digits were discoverable in longitudinal sections of the

manus of an embryo 2 inches long. Intereossei muscles, on the con-

trary, are developed in a relatively earlier stage of the embryo cat, or

in a normal form.

It thus appears that the displacement and degeneration of embryonic

representatives of the distal portions of the hind limbs of Cetacea has

greatly retarded or influenced their development as compared with the

fore limb, and that the mesoblast instead of being transformed into

cartilage, and finally built into bone axially, and muscle superficially,

has been mostly converted into a tough kind of fibrous tissue running

in two directions at right angles to each other, and in the main parallel

with the dorsal and plantar surfaces of the flukes. This tissue has the

appearance and consistency of tendon ; in fact the longitudinal super-

ficial fibers are in part continuous, according to the observations of

Murie,Eoux, and myself, with the terminal fibers of the great tendons of

the flexor and extensor muscles of the tail ; that is, with, the tendons

of the posterior extensions of the lateral intertransversarii, the dorsal

erector and miiltijidus spinw and the ventral or subcaudal system, par-

tially homologous with psoas muscles.

This last fact shows how persistently the psoas muscles share in flex-

ing the hind limbs of mammals ; in the cetaceans some of their tendinous

fibers being actually sent backwards to be inserted into the flukes and

last vertebra? instead of, as usual, into the lesser trochanter of the

femur, a bone which is quite aborted in most of these forms. It seems

to me that there is good reason to believe that both the psoas magnus

and the psoas parvus are represented by the powerful subcaudal muscles

of cetaceans, and that probably both send some tendinous fibers into

the flukes. This is in keeping with the hypothesis of cetacean limb de-

velopment here defended ; for we found that certain muscular insertions

were migrating backwards on the femur and tibia pari passu with the de-

mands of functional adaptation in the Phocidw; this translocation back-

wards of the muscular insertions has reached its extremest expression

in the cetaceans where the continued psoas, as infracaudal and sacro-

coccygeus, actually sends tendinous fibers to the flukes instead of the

femur, which has long since atrophied or become functionless.

2. The development of the paired vertebrate limb begins primarily

as a lateral outpushiug of the embryonic skin, or as a hollow, flat, lobate,

horizontal diverticulum of the epiblast, into which mesoblast proliferates

and from which the appendicular skeleton aud musculature are differ-

entiated.

The cetaceans follow this rule of development but soon diverge from

the normal mammalian type in two respects, viz, that the embryonic

limb rudiment does not become so markedly clavate or club-shaped as in

embryos of mammals with ambulatory limbs modified for terrestrial

progression, but remains more distinctly flat and pinniform as in fishes.

The intermediate condition in this respect between that found in nor-
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mal mammals and cetaceans is seen in pinniped embryos. Finally,

the posterior lirab-folds also fail to develop a skeleton in their medullary

substance.

Eschricht (Untersuch. iiocr die nordischen Wallthiere, 1849, p. 78) re-

marks of the development of the flukes, "Bei ihrem ersten Auftreten

erscheinen die Schwanzfliigel der Cetaceen als zwei sehrzarte Hautfal-

teu ganz am aussersteu Ende des Schwanzes. Auf dieser Entwicke-

luugsstufe hat der Schwanz die Form einer kleinen Lanze." He then

describes the mode in which the folds rapidly elongate or widen laterally,

becoming more and more acuminate and longer and somewhat falcate.

Different stages of the lobate condition may be noted in the embryos

figured in the plates accompanying this paper, as shown digrammati-

cally iu fig. 15, pi. II.

Dr. Jeffries Wyman (in Proc. Bost. Soc. Nat. Hist., Ill, 1848-'51, p.

«55.*>), on the Cth of November, 1850, made the following remarks on the

development of the flukes of Balcena mysticetus, basing his observations

on a foetus of that species, G inches in length : "Instead of the long flukes

and central depression (caudal notch) seen in the tail of the adult, the

tail of the embryo was rounded as in the tail of the manatee ; there was

also a vertical crest above and below the tail."

Some of the older authors regarded the flukes of cetaceans as repre-

senting the hinder pair of limbs in normal mammals, such expressions

as " cum pedes in caudatn coadunaii n* occurriug iu their writings, by
which it is implied that the feet have been fused, together with the tail,

into a conjoined organ. They were nearer right than they knew, but

were without scientific reasons for their statements, yet, as late as 1849,

D. F. Eschricht (op. tit, p. 78) criticises this old view as follows and

considers it to be quite untenable, urging, indeed, that when the ques-

tion is viewed in the light of embryology, those data which are not at

least unfavorable to such an interpretation are quite insufficient to sus-

tain it. But I will here reproduce his remarks and then criticise them
further

:

"Die Schwanzfliigel der Wallthiere werden sehr allgemein fiir rudi-

inentare Bauchgliedcr angesehen, wofiir in der That ihr ausschliess-

liches Vorkommen bei ihnen und den Sireuiformien, also grade nnr bei

den Saugethieren, denen wirkliche Bauchglieder abgehen, sehr viel

sprechen kann. Es zeigt sich aber diese Analogie, wenu man die Ent-

wickelungsgeschichte, diesen Probirstein der anatomischen Analogien,

zu Hiilfe zieht, wo nicht unhaltbar, doch wenigstens sehr uuvollstandig.

* This quotation is from the Systcma Natures of Liunteus, 12th ed., Tom. I, pars I, p.

105, Holmise, 1767. It occurs in a foot note, and. entire reads as follows :
" Cetis qui-

busdam pinna dorsalis, omnibus pinna caudce et jiectoralcs ; nullisp. ani,aut ventrales cum

pedes in caudam coadunali. Drs. Gill and Baur have called rny attention to this inter-

esting observation hy Linnaeus, who, however, does not assign any reasons for his

opinion as expressed ahove. Gmeliu, in the later editions of the Systema, expunged

the ahove-cited foot-note.
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Die erste Erscheinnng der Schwanzfliigel ist namlich in der Form von

zarfcen Hautlappen, ganz dicht an der Spitze des Schwanzes, in eirier

bedeutenden Entfernung voin After und Becken. Dagegen zeigeu die

Schwanzfliigel sich in ihrer Entwickelung ganz analog mit der Eticken-

flosse, welche selbst eine iu der Saugethierklasse ganz neue, nur den

Walithieren znkommende Form der Hautfaltung ist."

As I bare already disposed of tiie last objection raised in tbe preced-

ing quotation as to tbe dorsal fin which this author, together with later

ones, so persistently compares with the flukes, I would now simply call

attention to the very singular dorsal hump filled with adipose tissue so

remarkably developed in certain races of the zebu or Bos indicus. In

this terrestrial animal the dorsal hump has as much right to be called

a fin as in some cetaceans. And it is but a step from the dorsal hum])

of the zebu to the one or two dorsal humps found in the existing species

of Camelus. In fact, the dorsal fin of cetaceans is largely tilled with

adipose matter, as in these terrestrial forms, though of course it would

be pushing the reductio ad absurdum argument to an extreme if I were

to deny that the dorsal fin of Cetacea is not different in function from

the adipose bumps of terrestrial Herbivora. What is meant here is

that the similarity or likeness existing between the flukes and the dor

.sal tin of whales and porpoises, is delusive and is merely analogical,

and that the argument that the flukes are also mere integumentary

folds, with no pbyletic relation to hind limbs, is, if based upon nothing

more, not a very formidable one, especially since I have demonstrated

beyond any possible doubt that a limb rudiment may be and is trans

located together with its girdle from its archaic position in other forms.

It was the lack of a knowledge of this last fact that might well induce

an anatomist to hesitate to enunciate the doctrine here developed.

The difficulty in regard to the distance {Entfernung) or hiatus between
the point of origin of the flukes and the anus and pelvis, which Es
chricht very properly considers important, I venture to think has been
quite overcome by the theory of inclusion, which we may say now really

assumes the dignity of a theory rather than that of a hypothesis, after

the analysis and explication of the facts relating to the structure of the

hind limbs, tail, and posterior part of the body of the Phocidw as de-

veloped iu the foregoing pages.

3. The mammalian foetus nearly always has the head, body, and tail

flexed more or less, so that the bead and tail arc approximated on the

ventral side

In illustration of this, see Figs. 12 and 14, the first representing the

foetus of the cat and the latter that of BelpMnapterus. This trait seems
to be iu part inherited, as a similar flexure of the embryo occurs in large

yolked Sauropsida, but is obviously in part also due to confinement of

the growing foetus within the hollow vesicular chorion, the curvature

being hence more or less mechanically adaptive in conformity with the

curvature of the walls of such vesicle. That such a view is in the main
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true is shown by tbe manner in which the early embryonic axis of cer-

tain Iiodcntia is bent in the opposite direction ; that is, the dorsal pro-

file is coucave and the ventral convex, orjust the reverse of Figs. 12 and

14. This condition in Rodentia is, however, transitory, and is due to

the invagination of the embryonic area or one side of the blastodermic

vesicle into the opposite half, on aecouut of which it was for a long time

supposed that the primary layers were inverted in some of these ani-

mals. Later the embryo of the latter assumes the flexure normally seen

in other forms and apparently for the same reason. Flexure of the em-

bryo, to a greater or less extent, is, therefore, of little or no importance

in taxonomy.

The flexure of the tail of the foetal cat, Fig. 14, and of a foetal por-

poise, Fig. 8, forward under the body is no greater in the first case than

in the latter, because the tail of the foetal cat shown in the figure has

been raised and drawn backward somewhat from between the hind limbs

in order to show its length.

The hind limb of the foetal cat is extended not quite fully so that the

ends of the toes are not brought as near the tip of the tail as they might
be in the figure. It is easy to see, however, that if the tail and hind

limbs of this foetus were fused together or invested by a common integu-

mentary envelope that the volume of the tail would be thus increased

threefold, and would be proportionally almost of the same bulk as tbe

tails of the foetuses of the cetaceans shown on the same plate. The
effect of such a fusion would be to carry the pes of the cat's foetus back

to the end of the tail, leaving a little more of the latter exserted behind

the pedes than is found in the foetus of the manatee, figs. 20 and 21,

Plate III.

The articulation of the teeth of many of the Delphinoidea with the

jaw is not a fully developed gomphosis, but there are more or less well

marked dental grooves filled superficially with a tough tissue, which is

as essential in fixing the teeth to the jaw as the shallow, often imperfect,

sockets, which are excavated in the mandibular and maxillary bones.

This superficial supporting tissue around the bases of the teeth is more
or less elastic, and allows more or less free motion of the tips of the

teeth, which actually for this reason give one the impression of being
loose.

This mode of dental implantation is primitive or embryonic or degen-

erate, because no such high grade of differentiation of the dental system
has been attained in the Getacea as in the higher land mammals which
use their teeth specifically for grinding the food, whereas the Delphinoidea

use their teeth mainly for prehension.

Eschricht's researches on the dentition of the foetus of the Balrenoid

Megaptera lo?igimana, shows that the number of evanescent tooth germs
in the upper jaw of one side is 28 and in the lower 42. Those in the

lower have a regular distribution, while those of the upper display more
or less irregularity of arrangement in the dentary groove. Three germs
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ill the upper jaw in one case are double; that is, are formed of two pri-

mary simple cusps of the haplodont form fused together. The spaces

between these double or bicuspid germs is greater in two instances than

between the simple haplodont germs. This raises an interesting ques-

tion as to the genesis of bicuspid and two-rooted teeth. Whether, in-

deed, teeth of the bicuspid type have not aris*en in some cases by the

fusion or concrescence of two primitively distinct haplodont or unicus-

pid germs. Such a mode of origin of certain types of teeth from a more

numerous unicuspid series of germs is, at least, worthy of serious con-

sideration.

In the foetus of Globiocephalus (Fig. 9, Plate I) the tooth germs wTere

not yet distinguishable in sections as more than pronounced thickenings

of the oral epidermis at the point where the dental furrow would appear

later. No traces of the enamel organ or of the dentinal elements of the

teeth could be made out.

At a similar stage the mammary glands appear as simple thickenings

of the epidermis on either side of the genital opening of the female

foetus of Globiocephalus. There are as yet only the faintest traces of the

mammary fossae shown in the sections. The rudiment of the gland is

a solid pyriform mass of cells which is thrust inwards from the epider-

mis into the mesoblast.

The brain is quite smooth in the foetus represented in Fig. 9, Plate I, as

in the embryos of other mammals of the same relative stage of advance-

ment. There is a very pronounced cranial flexure, nearly or quite as

great as in a human foetus of the same stage of advancement. This

flexure also involves the brain. I find no evidence of the existence of

olfactory lobes such as arc so well developed in the brains of foetal Ro-

dents. The cerebral vesicles are quite thin-walled and smooth, so that

the lateral ventricles are spacious. The cerebral vesicles are also de-

pressed, and reflected back over the mid-brain to some extent.

III.

—

The hypertrophy and differentiation of the caudal
VERTEBRiE OF CETACEANS INTO TWO SERIES.

One of the most remarkable traits of the cetaceans is the differentia-

tion which their caudal vertebra1
, have undergone. One may divide

these into two groups, viz, (1) those caudal vertebrre intervening be-

tween the last of the lunibars and the first one in front of the flukes,

and (2) those terminating the vertebral column and lying between the

bases of the flukes. The first group is characterized by the remarkably
uniform vertical diameter and length of their centra and well-developed

chevron bones; the second, on the other hand, have lost all but the

merest traces of processes, and rapidly diminish in size so that the last

centrum may be present only as a diminutive osseous or cartilaginous

nodule.

The uniform dimensions of the centra of the first or anterior group
indicates that the posterior ones of that series at least have been hy-



[31] DEVELOPMENT OF THE CETACEA. 457

pertropliied, obviously in correlation with the vast supra and infra

caudal musculature, while the second group shows unmistakable signs

of gradual degeneracy increasing from the first to the last. The change

from the type of the first series to that of the posterior or second one is

remarkably abrupt in some forms, the latter exhibiting degeneracy in

the most striking way by the loss of the cylindrical form characteristic

of the centra of the first part of the caudal series and the assumption

of a depressed, rounded, or in some cases almost globular form.

This uniformity in the length of the centra of the first subdivision of

the caudal bones is probably an adaptive character, and one which has

been evolved pari passu with the differentiation of the great caudal mus-

cles, the caudal skeleton and musculature actually assuming the func-

tion of the hind limbs. The hypertrophy, however, which we have

noticed must, since it would have tended to increase the length of each

one of the first series of centra, also have tended to lengthen, as well as

strengthen, the tail, and thus aid in carrying the flukes farther back

from their original position in the ancestral cetacean type, with the

thighs and legs of its hind limbs bound together with the tail by in

tecfument, and when the tail must still have been extended between

the pedes, this supposed ancestral form doubtless being the possessor

of a greater number of caudal vertebrae than are found in the existing

seals.

We at any rate find nothing like such a remarkable differentiation of

the caudal vertebrae in any other mammals except cetaceans, and the

inference is that such a differentiation into regions is intimately bound

up with the acquirement of an important new function in connection

with the outward vestiges of the feet now borne upon its sides, and

which, by the process of hypertrophy of the anterior series of osseous

caudal segments, it aided in still farther translocating backward after

the skeleton and muscles of the hind limb had atrophied in the ances-

tral type. In other mammals the centra of the caudal vertebrae at once

gradually diminish in vertical diameter from the sacrum backwards to

the end of the tail, the posterior ones often tending to become depressed,

a tendency which is also exhibited by the posterior or second caudal

series of whales. This character places the cetaceans in contrast with

all other mammals except, probably, Halitherium, Ehytina, and Halicore.

" Muscles which represent the psoas minor and the subvertebral mus-

cles of the Cetacea are very large and play an important part in effect-

ing the locomotion of the seal," says Huxley, so that we actually find

that a beginning has been made in the development of an axial mus-

cular apparatus in the seal which in the Cetacea has been extended both

forward and backward and has attained tremendous proportions. The

movements of pinnipeds and cetaceans in the water are somewhat sim-

ilar. Both can in fact move rapidly along an undulating course by flexing

the hinder part of the body up and down. Such a similarity in the

habits of movement of the two animals it is hard to believe are not re-
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lated to each other as to origin through a remote common ancestry.

It is nevertheless difficult to understand the way in which the caudal

musculature of the Cetacea has been developed with the concomitant

differentiation of the caudal vertebra? into an anterior and posterior

series, unless it be supposed that, as the flukes become more or less

rigid the posterior vertebra? included between their bases would tend

to degenerate, whereas the anterior series of vertebra; would tend to

develop in proportion to their functional importance as a substitute for

the skeleton of the hind limbs. This still leaves the question as to the

origin of the degenerate caudal vertebra? of the pinnipeds unanswered

and brings us face to face with au aspect of the question which does

seem to throw some light upon this phase of the subject. I hardly

think any naturalist will dispute the conclusion that a mammalian type

could have originated anywhere else than on land in order to success-

fully develop its air-breathing and characteristic modifications of struct-

ure. Such a conclusion carries with it the implication that the whales

have been derived from laud forms, as seems indeed to be conclusively

proved by the adult anatomy and especially tbe presence of certain

structures which are on the way to complete atrophy. In land mam-
mals, however, the tail is in reality always degenerate and often quite

as much so as in the seals, for no matter how long the tail may be, if

the diameter of its base is far less than that through the pelvic region

immediately in front of its base, we may be certain that degeneracy

from the primordial type, as seen in fishes, amphibians, and some rep-

tiles, has occurred. In the last-mentioned types there is no such abrupt

distinction between the trunk and tail as in land mammals. The infer-

ence, therefore, is that the tail of cetaceans, though probably derived

from oue in which there were more vertebral segments than are found

in the tail of any existing pinniped, has been developed from that of

a land mammal in which the tail was already degenerate and of com-

paratively little functional importance, just as we have seen is the case

in the seals.

The difficulty which seemed to present itself in regard to the degen-

eracy of the pinniped tail, therefore also disappears, and a new question

arises, viz : How was the gradual muscular degeneracy of the hind limbs

of our ideal protocetacean form related to the increasing functional im-

portance of the tail with a gradual new development of muscle over a

region where it had been once before lost, in the course of the evolution

of the mammalian type? The answer to this, it seems to me, has been

already given, but it may be well to discuss it anew in another form.

As the fish-like form of the hind part of the pinniped's body became

more pronounced as a result of advancing inclusion, we saw that the

hyposkeletal flexors of the back part of the trunk became more devel-

oped. With increasing enfeeblement of the hind limbs the caudal skele-

ton and musculature would become stronger, indeed the oue would

gradually exchange functions.with the other, so that no violent or sudden
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transfer of function is contemplated or even necessary. In fact, the ex-

change in all probability occurred in the water, in which medium it

would be alone possible to develop a tail like that found in cetaceans,

in which it indeed attains the maximum of importance as an organ of

locomotion. While an old organ was vanishing and itself no longer

capable of dissipating vital energy in the execution of its office as a part

subservient to locomotion, a part of this old organ combined with an-

other coexisting degenerate organ, the tail was hypertrophied and as-

sumed the office of the posterior pair of limbs.

IV.

—

Degeneracy of the pelvic girdle and hind limbs in

CETACEA.

One of the most striking features in the structure of the pelvis of

Pinnipcdia and Cetacea is the absence of a well-defined symphysis pubis,

the pubes forming no extensive amphiarthrodial union as in most Mam-
malia. A well-developed symphysis pubis is absent in all of the species

of the first-named group, with the exception, perhaps, of the walrus,

which seems to be less modified generally in the structure of the pelvis

and hind limbs. The other types in which there is a loose or distant

connection of the pubes by means of a transverse interpubic ligament

are the Sloths amongst the Edentata. The separation of the pelvic ele-

ments in the median line is carried to an extreme decree in the existing

Cetacea, and in consequence of the fact that the pubic bones are prob-

ably absent in these forms, Struthers has named the ligamentous bond

which joins the pelvic rudiments together across the median line the

interpelvic ligament. To this are attached the crura of the penis in the

Cetacea.

Struthers regards the pelvic bones of the latter as consisting of the

ischium alone, since it developes from a single center of ossification,

which I can fully confirm on the basis of the evidence presented by the

structure of its cartilaginous rudiment in sections of an embryo of Olobio-

cepliahis melas, 2 inches long. In this embryo it seems to be propor

tionally of greater dimensions, however, than in the adult, which is

.simply evidence in favor of the view that it is really degenerate in the

adult and has been reduced from a pelvis which in some ancestral form

was still more developed.

The ilium has been atrophied, and in this way it happens that the

pelvis of Cetacea and Sircnia has been separated from the vertebral

column by a very considerable interval, and has been brought to assume

only a subsidiary function, as shown by the researches of Struthers,

viz, that of giving support and attachment to the organs of generation,

and not that of giving attachment to functionally or strongly developed

limb muscles as in normal mammals.
The atrophy of the pubes has left only an imperfectly developed is-

chium, and, perhaps, if anything of ilium, only the abaxial or distal

part. The nodules of cartilage observed at the ends of the pelvic ele-
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ment in some forms do not necessarily indicate rudiments of the ilium

and pubes, but possibly epipbyses only.

The displacement of the pelvis of cetaceans downwards, it seems not

unlikely, has been helped by the great development of the bellies of

the psoas or byposkeletal group of muscles above it, as the massive

flexors of the tail.

Rudiments of the femur and tibia were discovered by Keinhardt in

1843 in Balcena mysticetus. Since then the most valuable contributions

to this subject have been made by Dr. John Struthers in papers* deal-

ing with the anatomy of this region.

In a number of specimens Dr. Struthers obtained the following meas-

urements : Length of pelvis of males, 8J to 20 inches
;
in females, 10§ to

1S£ inches ; length of femur in males, 5£ to 8^ inches ; in females, 3§ to

8i inches; the length of the rudimentary tibia ranged from 2§ to 4}

inches. It is thus rendered obvious that there is a, great range of va-

riation in the development of these elements, in fact in one instance it

was found that in a female the head of the femur of one side was an-

chylosed to the pelvic bone of the same side.

The femora were found to be flattened laterally, the head and neck

partaking of this character. A posterior proximal tubercle was ob-

served which was regarded as a trochanter major. " If the ordinary

mammalian femur, much shortened, be flexed, adducted, and rotated

outwards, it will be brought into the position of the femur of mysticetus;

more exactly, it the pelvis and femur of a seal be taken in the hands and

so manipulated, the correspondence becomes evident, and it, is seen then

that this tubercle is the trochanter major." {Op. tit., p. 155.)

Cartilage was markedly developed on the upper and condylar ex-

tremities, and the head was received into an imperfectly developed

acetabulum in some cases. The tibia was represented by what is evi-

dently only its proximal end, and was wholly cartilaginous and pyri-

form in shape.

Struthers t states that in Megwptera longimana "he found the thigh

bone to be entirely composed of cartilage, of a conical shape, the length

being 5.J inches on the right side and 4 on the left. It was encased in a

mass of fibrous tissue. This fibrous case was connected internally to its

fellow of the opposite side; superficially and on the outside to the pos-

terior pelvic muscular mass, and anteriorly passing from the thigh bone

itself, was a special band appearing like a fibrous prolongation of the

bone. The thigh rested loosely on the pelvic bone without articular

surface, but was bound loosely to the latter by a strong posterior liga-

ment, and by a weaker ligament in the position of the hip joint in the

* The boues, articulation, and muscles of the rudimentary hind limbs of the Green-

land right whale (fialwna mysticetus). Jouru. Anat. and Physiol. XV, 1880-'81, pp.

111-176 and 301-321, with Plates XIV-XV1I.

tOn the rudimentary hind limb of Megaptera longimana. (Am. Naturalist, XIX,

1835, p. 125.)
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right whale. A ruascle about the size and shape of a forefinger, within

a ligamentous tube, connected the thigh bone backwards to the great

interpelvic ligament. This was the only muscular structure directly

connected with the thigh bone. It would retract the bone. The fibrous

connections of the bone were mainly adapted to resist outward and

forward traction." This quotation, I think, indicates quite clearly that

the most recent functional relations of the muscles of the rudimentary

thigh in the series to which Mcgaptcra belongs were posterior to it, as

in fact all the other available evidence has tended to show.

In every specimen of these parts from Balcvna figured by Struthers

the femur had its lower end swung forward, as it seems the femur of

the seals usually is, and as it is found in the living eared fissipeds

when standing on all-fours. The tibial rudiment, on the other hand,

lies with its axis in a horizontal position or nearly, such as is assumed
by that bone in the pinnipeds, the distal apex being directed backward
toward the flukes.

This arrangement of the limb bones of Bakvna not only justifies to a
great extent the views here assumed as to the nature of the flukes, but
also that of Struthers, w7ho, on the basis of his observations on the rudi-

mentary finger-muscles of Megaptcra longimana,* concludes that the

Cetacea have descended from a form in which limbs were much better or

functionally developed; an opinion also entertained by Flower. Such
a conclusion is also justified by the existence of synovial bursas between
the head of the femur and the pelvic bone and between the femur and
tibia of Balcena, according to the former author's observations.

I think, indeed, we may go a step farther and declare with perfect

safety that inasmuch as only the proximal end of the tibia is developed
mBakcna as a degenerate element, which is not even ossified, and which
has its distal end pointing backwards, the tibia, if fully developed and
extended posteriorly to its normal length as found in other mammals,
or as in the seals with the tarsus superimposed upon its distal extrem-
ity, it must be evident to every reasonable morphologist that the limb
or pes would not be extended outward laterally from the body in a
transverse vertical plane with the acetabulum, as is the case in terres-

trial mammals, but would be extended back horizontally from the lower
end of the femur as in the seals, and the limb not become outwardly
apparent until some distance behind the vertical line drawn through the
hip-joint. It thus becomes obvious that translocation of the distal part

of the pelvic limbs of cetaceans has positively taken place, or, in other
words, that the crural, tarsal, and phalangeal parts of these limbs have
been rotated backward, and included from before backward by the in-

teguments as in the seals. This inclusion, however, has probably been
even more complete in cetaceans than in pinnipeds as a consequence of

disuse of the still exserted feet as ambulatory organs and their utiliza-

* See American Naturalist, Feb., 1885, XIX, pp. 126, 127.
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tion as swimming- paddles or oars in the water exclusively, thus afford-

ing an explanation of the atrophy of the bones and muscles of the erus

and pes. That the inclusion of the hind limbs has been more extensive

than in the seals is shown by the fact that the end of the caudal series

of vertebrae is included between the bases of the llukes or pedes of

cetaceans, and that no trace of the end of the tail as found in the former

is externally visible, unless the rounded tip of the early embryo ceta-

cean's tail is comparable to that part of the seal's which is still exserted.

" In the small Balccnoptera rostrata a few thin fragments of cartilage,

embedded in fibrous tissue, attached to the side of the pelvic bone, con-

stitute the most rudimentary possible condition of a hind limb, and could

not be recognized as such but for their analogy with other allied cases.

In the large Korqual, Balcenoptera musculus, G7 feet long, previously

spoken of, I was fortunate enough in 1805 to hnd attached by fibrous

tissue to the side of the pelvic bone (which was 10 iuches in leugth), a

distinct femur, consisting of a nodule of cartilage of a slightly com-

pressed irregularly oval form, and not quite 1A inches in length. Other

specimens of the same animal dissected by Van Beneden and Professor

Struthers have shown the same ; in one case partial ossification had

taken place."*

It is singular that no traces of rudiments of these proximal limb-bones

are to be seen as cartilaginous nodules in the region of the pelvis of very

young Delphinoidea, but I find no evidence of the existence of any such

structures in sections of the pelvic region of a very young fcetus of

GJobiocephalus.

In the cases of the adult specimens of Balcena dissected by Struthers

there was an interval of several inches between the pelvic bones, which

was bridged by an interpelvic ligament. On comparing the pelvis of a

pinniped (Otaria or Phoca) with that of a Cetacean, a very great dif-

ference is apparent. While in the former there is no well-developed

symphysis pubis, the pubic bones are not widely separated in the mid-

dle line as in the latter. In the former also the pelvis is posteriorly

prolonged and the pubic bones together form an acute angle with each

other, the opposed bones forming a sort of pubic carina, with the ischia

as well as pubes drawn together posteriorly.

The pelvis is quite well developed in the walrus, but in Phoca and

Gallorhinus there is obviously a tendency on the part of the whole os

innominatum, to degenerate and become weak. This fact becomes very

obvious when the thin slender ischia and pubes of some pinnipeds are

brought to mind, and becomes still more apparent upon comparing the

pelvic girdle with the well-developed scapula of the same skeleton,

though in order to thoroughly realize the fact that the pelvis of the

pinnipeds is degenerating one must compare a skeleton of the latter

with the skeleton of a Fissiped of about the same size. The very great

* On Whales, past and present, and their probable origin. Nature, XXVIII, 1S83,

p. 228. A lecture by W. II. Flower, before the Royal Institution, May 25, 1883.
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disparity in the size and strength of the scapula and pelvic bones of

CaUorhinus is obviously indicative of the commencing atrophy of the

latter elements.

The fact of the proximal parts of the limbs and pelvis becomiug in-

cluded in the pinniped, as already described, explains how this tendency

toward degeneration of the pelvic girdle has been brought about. If

we now imagine such a process of inclusion to be carried still farther

so that even the tarsus becomes tied down to the side of the tail, the

pes will become immobile even though there were an exertion of power

manifested by the muscles of the limb. This would carry the condition

of inclusion of the hind limb a step farther than that found in any seal

and represent a condition intermediate between the latter and the

whales, and, as a result of the increased immobility of the hind limbs

following upon the supposed condition, not only the muscles but also

the bones of the leg and pes would atrophy. In consequence of this

atrophy of muscles and bones two other systems of organs would be-

come involved, viz, the blood-vessels and nerves, especially all the distal

branches or continuations of the external iliac and femoral arteries,

and the efferent veins would suffer modification and gradual diminution,

because they had now become more or less useless as conveyers of nu-

triment and waste to and from muscles which were becoming useless.

The motor and sensory nerves in like manner which pass to the hind

limb would for similar reasons atrophy, inducing profound changes in

the structure of the lumbar plexus, involving the suppression or abor-

tion of the great sciatic, crural, and obturator nerves, and concomi-

tantly with the atrophy of the nerve supply ordinarily passing to the

skeletal, muscular, and dermal parts of the functional limb, there would

follow a hypertrophy of the nerves of the tail, commensurate with its

functional importance, ending in the formation of a lumbo-caudal plexus

extending from the lumbar region to its termination.

The atrophy of the parts of the skeleton of the limb ought to occur

on my hypothesis, in an order which, passing from without inwards,

would be just the reverse of that of its development. Upon comparing

the mode in which the pelvic girdle and the limbs develop, with the

different degrees of atrophy as displayed in a number of cetacean forms,

we find that the preceding statement is verified.

It is found in fact that the pelvis at an early stage of development

is separate from the vertebral column and that the girdle and limb

bones are formed as segments in a serial order from within outwards,

the pelvis and femur being first developed, then the tibia and fibula,

then the tarsus, and finally the phalanges. In this same order they

also become differentiated as distinct pieces, or from within outwards.*

The reverse of this is obviously the order in which the skeleton of

* See a paper entitled : On the development of the pelvic girdle and skeleton of

the hiud limb in the chick, by Alice Johnson. Studies from the Morph. Laboratory

of Iho University of Cambridge. II, pp. 3-25, pis. 1V-V.
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the limb in the cetaceans has atrophied, that is, the phalanges first,

then the tarsus, then the fibula and tibia, and finally the femur, affect-

ing also more or less the degeneration of* the pelvic girdle.

Bnt it will be inquired, why do the limb-folds, or pedal folds, Avhich

represent the former in cetaceans, grow out at all after such extensive

atrophy of the limb skeleton"? To this it may be replied that the distal

parts of limb-folds generally do not at first have the skeleton developed

within them at all, and that, as I have pointed out, the limb bones de-

velop from within outwards; the terminal part of the limb-fold, or epi-

dermal pocket representing it, contains at first nothing but undifferen-

tiated mesoblast. It thus seems to me that in the skeletonless flukes

we have this inverse method of development illustrated, and that the

flukes represent the earliest condition of a pes and therefore the last to

vanish, unless indeed the flukes represent the produced integuments

distad of the last phalanges of pinnipeds, which I think hardly prob-

able, for the reason that their blood-supply, as already described, sim-

ulates that of the normal mammalian pes.

Struthers' figures indicate that the femora are adducted distally in

Balcena mysticetus to a remarkable extent, in fact to such a degree that

if the limb were fully developed with the cms extended in a line with

the shaft of the femur, the limbs of opposite sides would cross each

other. This adduction of the femora by which their distal moieties ap-

proximate each other, is probably due to the after effects of the process

of inclusion which must have begun with a seal-like ancestral form,

and which has reached its extremest expression in existing cetaceans,

where the growth of the subcaudal muscles has influenced their final

position.

The inclusion and degeneracy of the pelvis of cetaceans being so

complete, there is however not so great a posterior extension of the ab-

dominal muscles backward as oue might be led to expect, but certain

muscles are nevertheless provided with remarkably posterior insertions.

V.

—

The caudal muscles of cetacea.

These are dorsally continuations of the deep multifidus spince and the

superficial (rector spina, posteriorly; anteriorly as continuations of the

above, as found in the human subject, the sacrolumbal is, longissimus

dorsi, spinalis dorsi, and possibly the semispinalis of man are represented

in the vast dorsal and supracaudal musculature of whales. Murie*

states that in the black-fish "the longissimus dorsi and spinalis dorsi

are most intimately bound up together in the dorsal region, forming a

long, but enormous fleshy mass, interwoven spinally and costal!y with

tendinous fascia. That which may be considered equivalent to a trans-

versalis cervicis commences by a short, strong tendon at the paramas-

toid. Immediately becoming fleshy and thick, it ascends posteriorly

* On tlio organization of the Caaing Whale (GloMocephalw melas), Trans. Zool. Soc.

London, VIII, 1872-74, pp. 230-301, pis. 30-38.
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on the side of the neck to the anterior dorsal region, and is lost in the

combined longissimus and spinalis dorsi. Where the body begins to

taper behind a division of the two latter is perceptible. Hereabouts a

superficial tendon passes obliquely upwards and backwards from the

outer longissimus to the inner spinalis. A little way behind, another

bridge of two oblique tendons similarly crosses, and immediately pos-

terior to this five more, which together unite into a strong cord, wrapped

one within the other. Meanwhile from each muscle there is continued

posteriorly, quite to the end of the spinal column, a single, thick, mas-

sive tendon. Besides the foregoing, both longissimus and spinalis dorsi

possess a deep series of long, narrow tendons, one to each vertebra, but

mingled together by interstitial fleshy fibers. It results that these dor-

sal muscles act upon every vertebra independently, whilst at the same

time the motor power of the fibrocartilaginous tail is derived from the

lengthened and more powerful cords, for from these there extends back-

wards a firm, glistening fascia, spread over and incorporated with the

deep tail substance.

"Supra caudal. The single muscle (or compound muscle, if so re-

garded) to which I give this appellation lies external to the last, along

the narrow portion of the caudal vertebrae and on the upper side of the

transverse process, narrow in front, where fleshy, it widens somewhat

and forms a tolerably thick fusiform belly, which again flattens and be-

comes tendinous. In its course it is attached partly to the vertebral

bodies and partly to the transverse processes, sending off a special ten-

don to each of the latter. Posteriorly the flattened tendon lies against

the sides of the bodies of the terminal vertebrae, and ultimately is lost

in the general expansion of the upper surface of the tail flukes.

" Coming under the denomination of multifidus spinas and rotatores

spinas, because of their position, origins, and insertions, are a greatnumber

of musculotendinous bundles, very apparent and well marked, but diffi-

cult individually to separate and define. These are still more numerous

and closely packed together in Lagenorhynchus than in Globiocephalus,

in consequence of the number and approximation of the vertebrae in the

former. Stannius recognizes such a deep set of muscles in the porpoise;

and I can corroborate his observation in that genus. Their general ar-

rangement is by tendons from the dorsal metapophyses, and trending

forwards and inwards are attached muscularly to the sides of the roots

of the spinous process in advance of their origin. The most anterior

one is fixed to the atlas.

" But there are besides a deeper layer of fascicles springing tendin-

ously from the spines and dorsal arches, and these becoming fleshy are

inserted into the transverse processes of the same vertebrae, doubtless

semispinales ,as Stannius* names them in Phocccna. He alludes, more-

over, to another set of fasciculi, close to the last, and connected with

the vertebral processes, but he has not named them.

* " Muskeln des Tiimmlers," Muller's Archiv, 1349, p. 30.

S. Mis. 70 30
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" In the four-limbed inainrnals generally there are three, or at most
four, muscles described as occupying the iliac region, viz : the psoas ma-
jor, psoas minor, iliacus and quadratus lumborum. But in cetaceans,

as most writers state, there is only one enormously large inferior lumbo-
caudal muscle, which, at first sight, might be supposed either to repre-

sent the psoas magnus alone, or the psoas minor, iliacus, and quadratus
lumborum incorporated with it. Whatever relation exists, division at

least is inappreciable in G. melas. This enormously developed sacro-

coccygeus muscle is long and fusiform. On each side it occupies the lat-

teral and inferior surfaces of the vertebrae and their transverse processes

from the ninth dorsal vertebrae backwards ; and as the transverse proc-

esses of the caudal elements are lost, it still continues upon them in the

shape of a bundle of tendons continued on to the very end of the spinal

column. The volume of its solid fleshy fiber may best be comprehended
in the fact that it ranges in our specimen of GloMocephalus from one

foot to six inches in transverse diameter, and with a corresponding thick-

ness or depth. Further to particularize attachments and relations, it

passes beneath the diaphragm, has the kidneys, &c, lying upon it, and
narrowing behind the rectum sends off, downwards and backwards, su-

perficially, a series of flat tendons. These are so connected together as

to constitute a very strong tendino-aponeurotic sheath, spreads out and
is continued on to the inferior surface of the broad fibrous tail. The main
body of the fleshy mass meanwhile terminates in a single strong tendon,

which passes direct along the spine and is fixed to the very last verte-

bra. Moreover, there is an appreciable flat layer of fleshy fibers, which
come from the sides of the vertebrae and spread over part of the afore-

said tendinous sheath. This muscular layer appears to be a kind of

reduplication of the body of the muscle itself.

"A muscle, the exact counterpart of the supracaudal, lies on the under

side of the transverse processes of the caudal vertebrae, and it bears

the same relation to the sacro coccygeus that the supracaudal does to

the longissimus dorsi, save the fact of inversion of position. I distin-

guish it as the infracaudal.

" The long spinal muscles of Cetacea have received different names and

significations from successive anatomists, though tbe descriptions, save

that of Stannius, tally. Meckel * demonstrates the parts in the narwal

(Monodon communis) and the dolphin (Phoccena communis?). His text

appears to me to imply that he considers present and more or less dif-

ferentiated : 1. An equivalent of the spinalis dorsi, biventer cervicis,

and complexus, a longissimus dorsi, trachelo mastoid, and splenius cap-

itis ; 2. A sacro-lumbalis with cervicalis ascendens anteriorly ('trachelo-

mastoi'dien, ou l'intertransversaire ducou' of his translators) ; 3. Flexor
caudae lateralis ; 4. Depressor caudae, quadratus lumbarum, psoas and

iliacus; 5. An inferior depressor caudae. Frederick Cuvierf speaks of

* Anat. Comp. Vol. VI., p. 128 et seq.

t Art. Cetacea. Cyclop. Anat. and Physiol. I, p. 569.
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a levator caudae, evidently No. 3 above. Rapp* and Stannius t coincide

that there obtains : A splenitis capitus longissimus and spinalis dorsi,

sacro-lumbalis and transversarius superior and inferior. The former

thiuks the great lower loin-muscle a psoas major; to the latter it im-

plies more. Stannius, moreover, describes a caudalis superior, a cau-

dalis inferior, a longissimus inferior, a sacro-lumbalis inferior, and a set

of caudal muscles unnamed by him. He also traces the short, deep

spinal muscles, of which more hereafter. Carte and Macalister, in the

piked whale,| have noticed a trachelo-mastoid, a longissimus dorsi, a
sacro-lumbalis, with a slip supposed to be the homologue of splenius

capitis, a levator caudae, a depressor caudae major, and depressor caudae

minor.

" Notwithstanding the amplitude of nomenclature and recognition of

two or more en masse or separate, the anterior divisions of the various

observers present a certain harmony ; but there is less concord of opin-

ion regarding the posterior tendinous parts and infero-lumbar region.

Eapp and Stannius differentiate as transversarius superior the com-

pound tendinous enwrapping sheath of the longissimus and spinalis as

described by me. But the latter, moreover, unites it with the anterior

fleshy belly of my supracaudal, and traces it forwards to the ribs, thorax,

and neck, i. e., includes part of what more strictly is sacro-lumbalis and
cervicalis ascendens. Carte and Macalister's levator caudae agrees par-

tially with Rapp's transversarius, and partially with Stannius's caudalis

superior. The latter muscle, again, is equivalent to Meckel's flexor cau-

dae lateralis and F. Cuvier's levator caudae, one and the same with my
supracaudal. None suggest the superior superficial terminal tendons,

or aggregate fibrous investing-sheaths of the longissimus and spinalis,

dorsi, as the homologues of the levatores caudae externus and internus

of other mammals. Yet in every sense they are undoubtedly such, con-

tinuity with the dorsal fleshy masses being the only special deviation

from their usual condition. The cetacean supracaudal, again, offers hom-
ology in its posterior short slips with the intertransversarii caudae of the

quadrupeds ; it is longer bellied and more fleshy, anterior moiety being

occasionally in mammals almost separate from the intertransversarii

caudae, though not specially recognized as a distinct muscle. In Man-

atuSf however, it is uncommonly well developed, and has been named
by me lumbo-caudalis. The inferior depressor caudae of Meckel, depres-

sor caudae minor of Carte and Macalister, caudalis inferior of Stannius,

and his unnamed musculotendinous caudal bundles, correspond with

the present infracaudal.

" As regards the depressor caudae of Cuvier and Meckel, the depres-

sor caudae major of Carte and Macalister, this undoubtedly is Rapp's

psoas major, &c. Stannius viewed it as composed of three divisions,

* Die Cetaceen, zool-auat. dargestellt, 1837, p. 92.

t Muller's Arcliiv, 1849, pp. 22-32.

t On the anatomy of Balamojitera roslrata, Philos. Trans., 1868, p. 225.
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equivalent to the dorsal muscles, and named by him respectively lon-

gissiinus inferior, sacro-lumbalis inferior, and transversarius inferior.

So far I agree with the latter, and therefore differ from Rapp, that the

great sublumbo-caudal cetacean muscle is not purely an iliopsoas.

This latter, I believe, as in Manatus, is all but aborted, certainly not

recognizable. The homologue of the cetacean sublumbar muscle, then

with its tendons and investing sheath, seems to me to be the sacro-coc-

cygeus, whatever its significance as to tbe dorsal series. My iufracau-

dal may represent partly inferior intertransversarii caudre or perhaps

include infracoccygeus.

" In default of being able to determine with accuracy spinal inser-

tions in Globiceps I was more fortunate in Lagenorhynchus. In this

genus the rectus abdominis tapers to a point at the fortieth vertebra,

behind this intermingling with the caudal fascia. The pubo-coccygeus

goes to the chevron bones as far as the sixtieth sacro-coccygeus, muscu-

lar to forty-fifth, tendons to sixtieth ; between these points the secon-

dary tendons which form the sheath emerge. Supracaudal from fortieth

to sixty-sixth vertebra ; the infracaudal is from two to three vertebrae

shorter. Longissimusdorsi, &c, narrows at sixtieth ; two oblique ten-

dons given off at thirty-seventh ; the others behiud, ere producing apo-

neurotic sheath the spinalis dorsi, &c, its final tendons inserted from

the sixty-fourth to the seventieth vertebral diapophyses.

" A series of levatores costarum, of moderate strength, and passing

from the transverse processes to the ribs, exists in all the species ofwhales

I have dissected.*

"In the lumbar region of G. melas the intertransversalest are power-

ful, they diminish in strength forwards, and can barely be detected in

the most anterior dorsals and cervicals. In L. albirostris, whilst fleshy,

they are shorter, owing to the close approximation of the very numerous

and long divergent transverse processes. In P. communis caudally

they are tendinous; in the lumbar region, semitendinous and fleshy, a

superior and inferior division is noticeable.

" According to the development of the neural spines, cervical, dorsal,

lumbar, and caudal, so are the interspinals £ stroug or weak. But as

a series of muscular bundles they are, I believe, present in every ceta-

cean. They have been met with by me in five genera.

" Both Rapp§ and Stanuius|| have described in the porpoise a set of

muscles linking together the chevron bones. They name these M. in-

terspiuales inferiores. They are distinctly marked in Globiceps, Grampus,

and the white-beaked Bottle-nose and Rorqual. They undoubtedly re-

semble the iuterspinales superiores of these authors, but pass from one

chevron hcemo-spiual element to the adjoining. I prefer to designate

* Described also by the oft-quoted German authorities.

tThe intertransversarii of the foregoing.

t The m. interspinales superiores of the preceding writers.

§ Op. (At., p. 83. ||
Op. cit., p. 40.
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thern as interhaerno-spinales, this term being more in accordance with

morphological anatomy. Stannius likewise differentiates and names as

m. interaccessorii a number of tendiuo-fleshy fascicles which intervene

between the one and the other accessory spinous processes of the lum-

bar and dorsal vertebra?, in a longitudinal direction. These have not

been observed by me, but I am inclined to regard them as intermeta-

pophysiales."

As already urged there can be no doubt of the fact that the great iu-

fracaudal or hyposkeletal muscles of the tail of cetaceans are in part

homologous with the psoas major and minor of quadrupeds. In fact, the

inlracaudal and sacro-coccygeus of Murie are but a system of psoas

muscles prolonged rearwards together with caudal muscles, and de-

veloped to an extent not encountered in other types. The quadratus

lumborum may also be represented. Whatever is the truth as to the

exact homologies of these muscles, a fact which will not have escaped

the critical reader's attention, is Murie's mention of the final direct and
indirect insertion of the tendons of the caudal musculature into the

flukes. The psoas being represented in the hyposkeletal musculature

is thus found to have had its insertion greatly shifted in a posterior di-

rection so as to act upon the flukes—degenerate pedes of Cetacea—in-

stead of upon the lesser trochanter of the femur as in normal forms.

We thus find that the backward translocation of the muscular inser-

tions of the limb muscles which began in a seal-like type has reached

its extremest expression in the whales, in which we can with certainty,

however, assume this much of what is in reality part only of the psoas

of land forms, in which it is usually inserted into the femur.

This tendency towards a backward extension of its insertion is also

obvious, for instance, in the rectus abdominis. Murie* remarks of it

:

" The rectus abdominis, which I have already described, partly mingles

with the generative muscles, inasmuch as its posterior narrowed ex-

tremity and terminal tendon enclasp the deeper fleshy structures of the

vulva and winds round each innominate bone, finally being inserted into

the neighborhood of the chevron bones."

VI.

—

The lumbo caudal plexus of nerves in cetaceans.

The only published account of the posterior part of the spinal nervous

system of cetaceans which I have been able to find and which is at all

complete, is that given by D. J. Cunningham, based on dissections of

the porpoise and dolphin.f In the porpoise, Cunningham found that

the spinal cord extends from the foramen magnum to the interval be-

tween the sixth and seventh lumbo-caudal vertebra?, and ends opposite

the foramina giving exit to the twenty-seventh pair of spinal nerves.

* Op. c;7.,p. 288.

t The spinal nervous system of the porpoise and dolphin. Journ. Anat. and Physiol.,

XI, pp. '209-228, Plate VII.
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The filum terminate passes back into the vertebral canal for a shcrt dis-

tance and is lost. The origins ofthe spinal nerves are crowded together

in the cervical region in correspondence with the shortening of the ver-

tebrae of this portion of the column. In the dorsal region the origins

of the pairs are farther apart, but from the lumbar enlargement back-

ward they are much crowded together. The seventh, eighth, ninth,

tenth, and eleventh pairs of the lumbo-caudal nerves unite to form the

genital or internal pudic, but as there is no functionally mobile hind

limb, the branches corresponding to the genito-crural, obturator, ex-

ternal cutaneous, anterior crural and sciatic are absent. The internal

pudic is well represented. Small twigs only from the seventh and

eleventh lumbo-caudal pairs enter into the formation of this nerve. It

pierces the great inferior lumbo-caudal muscular mass, and passing

obliquely backward through it divides inferiorly into several branches

which innervate the reproductive organs.

Erom the eleventh lumbo-caudal pair all the inferior divisions join to

form the inferior longitudinal cord or plexus, the last pair entering the

lower cord opposite the twenty-sixth lumbo-caudal vertebra. The in-

ferior lumbo-caudal cord supplies the psoas or infracaudal muscles in

Cetacea the same as do the iliohypogastric and ilioinguinal nerves in

man.

The hinder pairs which go to form the great inferior and superior

lateral cords, the first above the latter below the transverse processes,

pass backwards for a long distance, the hinder ones for about tue extent

of nineteen vertebras as a strongly developed bundle or cauda equina,

twigs from which pass out on either side, a dorsal one to the dorsal cord,

and a ventral one to the ventral cord, through the intervals between

the neural arches of the lumbo-caudal vertebras. The ventral twigs

pass down between the transverse processes.

The four great lumbo-caudal cords, two above the transverse pro-

cesses and two below them in the porpoise, judging from the muscles

which they innervate in the latter, are respectively the homologues of

the

'

; posterior"and "anterior"branches ofthelumbar nerves in man. Un-
like the latter, however, in consequence of the great bulk of the dorsal

extensors of the tail, longissimus dorsi, erectores spince, and multiftdus

spina', there has also been a dorsal plexus differentiated which leads to

the formation of the dorsal lumbo-caudal cord. Inferiorly the plexus

has not the limited extent posteriorly as found in man where it is par-

tially represented by the lumbo- sacral cord, but is extended backwards

quite to the flukes, as the inferior lumbo-caudal cord.

Comparing the nervous system of the fish and cetacean, Cunningham
remarks : " From the spinal cord passing so far back in the vertebral

canal (in the former) it follows that the nerves which supply the caudal

apparatus have a very short course to run from their points of origin to

their distribution. Very different is the arrangement of the corre-

sponding nerves in the Cetacea, which spring from the lumbar enlarge-



[45] DEVELOPMENT OF THE CETACEA. 471

inent at a point far in front of their areas of distribution. In the first,

therefore, there is no need for the longitudinal cords for the purpose of

conveying the nerves to the caudal apparatus—the spinal cord is their

substitute.'' He also points out that the vagus trunks running back to

the tail in fishes are not homologous with the lateral caudal trunks of

Cetacea.

While the adult anatomy of the caudal nervous systems of Cetaceans

and most fishes are dissimilar (for it must be borne in mind that some

Teleosts have a cauda equina developed, Mola for example), in the early

embryonic condition the medulla spinalis of the mammalian embryo is

without a cauda equina. This is so in the human foetus (vide Kolliker,

Entwiclc. des Menschcn) and is also the case in the Cetacean foetus ac-

cording to my own researches on the foetus of Globiocephalus melas,

represented in Fig. 9, Plate I, where, as in the former, the medulla

spinalis extends to the end of the tail, and, as shown by its microtomy,

contains a central canal when examined in consecutive longisections.

It is thus rendered obvious that the mammalian embryo recapitulates

the ichthyopsidan mode of development of the nervous system, but

subsequently reverts to the more recently evolved mammalian type as

respects its posterior extension. Its rearward extension in the mam-
mal is shortened in consequence of caudal degeneration and the devel-

opment of tendons as the terminal or caudal extensions of muscles

developed from a succession of muscular somites or myotonies, from

between which intermyocommal septa on fascial have disappeared. The
principal muscles which may be considered to have arisen directly from

single myotomes are the intercostals and intertransversarii. The rectus

is known, according to researches on fishes, to arise from the lower por-

tion of a series of successive myotomes, from between which intermyo-

commal fascice have partially or wholly disappeared. Other muscles,

such as the trapezius of man, arise proximally according to einbiologi-

cal theory front 17 myotomes 5 the latissimus dorsi from 20; the rliom-

boideus major and minor from 5. The manner in which the shifting

of the course of the fibers from the direction which they originally pur-

sued in the indifferentiated myotomes and the acquisition of restricted

insertions is still one of the greatest problems of embryology, for which
we may hopefully look forward to a solution, only through extensive

studies on the development of the muscular system from the amphibi-

ans upward.

The rearrangement, differentiation, and great specialization of the

muscular system of higher forms through the suppression of the myo-
tomes, as seen in fish-like forms, has affected the development of the nerv-

ous system and led to the differentiation not only of ganglionic centers

along the course of the medulla spinalis, such as the cervical and lum-

bar enlargements, from which arise the nerves which innervate the fore

and hind limbs, but also conditioned the evolution of the limb-plexuses

and cauda? equina. Mola, a fish which presents a remarkable differen-
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tiation of the lateral musculature, accouipauied with extensive abortion

of the myotomes, illustrates this principle. In this case, the tail being-

aborted for the most part, the muscles of the sides of the thorax,

which is much elevated, are prolonged backwards and end in tendinous

cords which actuate the rudder like caudal as well as the dorsal and

anal fins. Tbe consequent advance of the origins of these muscles for-

ward admits of their nerve supply being sent to them farther forward.

We have apparently, as a consequence of this advance forward, the

restriction backward of the medulla spinalis.

The inconsiderable development of the musculature of the paired

fins of most fishes, and the segmental arrangement of that of the ver-

tical fins, would obviously tend to maintain the uniform backwardly

tapering form of tbe medulla spinalis, as seen in its simplest form in

Branchiostoma, in which we also behold the most unmodified and

archaic type of the myotome or muscular segment.

A consideration of these facts therefore leads me to state the follow-

ing as a general principle, viz, that pari passu with the gradual sup-

pression of myotomes in the course of the progressive evolution of

forms and the differentiation of the musculature of the appendicular

skeleton was the medulla spinalis differentiated into regions and its rear-

ward extension curtailed in consequence of tbe degeneration into ten-

don of the musculature of the urosome.

While the muscles of the base of the tail of cetaceans are pro-

digiously developed as rearward extensions dorsally of the erectores

and multijidus spinaj and ventrally as extensions of the system repre-

sented by the psoas of terrestrial types, they nevertheless, in the region

of the caudal peduncle end as tendons, these animals therefore so far

resembling other land forms with degenerate tails, so that it is al-

together doubtful if motor nerve fibers enter into this portion at all,

the presence of sensory and vaso-motor fibers alone being indicated.

The Cetacea, according to Cunningham, have the medulla spinalis

swollen in the same way as other mammal in the cervical and lumbar

regions, whence the limb plexuses originate. A similar differentiation

is foreshadowed in the anterior part of the medulla spinalis of the

skate, Baia batis, according to Owen, in which there is " a slight (bra-

chial or pectoral) enlargement of the myelon, where the numerous

large nerves are sent off to the great pectoral fins; a feebler brachial

enlargement may be noticed in the sharks. I have not recognized it

in osseous fishes, not even in tbose with enormous pectorals adapted

for flight, e. g. }
Bxoccetus and Dactyloptenis ; in tbe latter the smaller

ganglionic risings upon the dorsal columns of the cervical region of

the myelon receive nerves of sensation from the free soft rays of the

pectorals and the homologous ganglions are more marked in other gur

nards {Triglce), which have from three to five, and sometimes six, pairs,

e. g. in Trigla Adriatica. Similar myelonal cervical ganglions are pres-

ent, also, in Bolynemus. In the heterocercal sturgeon there is a feeble
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expansion of the myelon at the beginning of the caudal region, whence

it is continued, gradually diminishing to a point along the neural canal

in the upper lobe of the tail. In some bony fishes (trout, Blenny) the

caudal ganglion is not quite terminal, and is less marked than in the

cod and bream, in which it is of a hard texture, but receives the last

pair of spinal nerves.*

A little further on the same author states that in Mola the myelon
" has shrunk into a short, conical, and, according to Arsaki,t gaugliated

appendage to theencephalon. Alike singular modification, but without

the ganglionic structure, obtains in Tetrodon and Diodon, in a species of

which latter genus I found the myelon only four lines long in a fish of

7 inches in length and measuring 3 inches across the head. The neural

canal in these plectoguathic fishes is chiefly occupied by a long ' cauda

equina.' But, insignificant as the myelon here seems, it is something

more than merely unresolved nerve fibers 5 transverse white strise are

discernible in it, with gray matter, showing it to be a center of nervous

force, not a mere conductor. In the Lophius a long cauda equina partly

conceals a short myelon, which terminates in a point about the twelfth

vertebra. In other fishes the myelon is very nearly or quite co-exten-

sive with the neural canal, and there is no cauda equina or buudle of

nerve roots in the canal ; a tendinous thread sometimes ties the terminal

ganglion to the end of the canal." (Owen, Anat. Vertebrates, I, 272.)

In Gastrostomus Bairdii, a fish with an attenuated flagelliform tail,

the medulla spinalis at its extreme posterior end becomes very greatly

depressed so as to assume in sections the form of a flattened band in

which it is almost impossible to discern the existence of a central canal.

In very young eels the hinder end of the medulla appears to be con-

nected with a globular enlargement which is quite terminal and possibly

external to the neural canal.

Amongst the reptiles, says Owen, " With the exception of the anu-

rous Batrachia, the myelon (spinal chord) is continued into the tail,

gradually decreasing to a point, and is not resolved into a ' cauda

equina.' Such, indeed, is its condition in the tadpole state of the frogs

and toads ; but, with the acquisition of the mature form, the myelon

shrinks in length and terminates midway between the fore and hind

limbs, being resolved in the frog into the three pairs of nerves which

form the sciatic, and into a few filaments passing on to the sacrum."

(Anat, Vertebrates, I, 295-G.)

The development of the Anura therefore confirms the rule, which was

laid down above, as to the genesis of a cauda equina. In them the

whole of the caudal musculature aborts, together with the caudal end

of the myelon, while the hind limbs attain an extraordinary develop-

ment and specialization of the muscular system, calling for an extraor-

dinary motor nerve supply such as is rarely encountered amongst fishes,

" Owen, Anat. Vertebrates, I, 271.

tDe Pisciimi Cerebro et Medulla Spinali, 4to, 1813.
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and iu the latter only when specialization of the lateral musculature

has proceeded iu another direction, as in the cases of Mola, Tetrodon,

and Diodon. The case of Lophius is more difficult to understand, though

it is a fact that several of the last caudal vertebrae are co-ossified in this

genus into a rigid piece, a fact which very possibly indicates a corre-

sponding modification of the musculature of the end of the urosome. In

respect to the other modifications, that in Gastrostomies, for example, is

correlated with the development of a flagelliform tail ; that of the eel

is not so easy to understand.

The manner in which the lumbo-caudal plexus of cetaceans is devel-

oped is not wholly without partial parallels, for the lumbar nerves as

they are continued beyond the end of the medulla spinalis subdivide

and give off branches to the dorsal and ventral cords external to the

neural canal. It results in this way, that two series of commissures are

formed, a dorsal and a ventral one; but the latter is in reality formed

of fasciculi which are sent down from the dorsally-placed cauda equina,

between the transverse processes ; the continuous accession of such fas-

ciculi by the ventral trunk, as well as by the dorsal, from each lateral inter-

spinous opening, leads to the formation of what have been called " cords,"

but they really represent a continued plexus, the segtnentally arranged

fasciculi of which are easily separated, as I find in Phocama, and traced

to their sources. Such a splitting or subdivision at each vertebral seg-

ment is apparent in the last pair of lumbar nerves, forming part of the

short and rudimentary cauda equina of Bana. The formation of the

so-called lumbo-caudal cords iu Cetacea has obviously occurred through

adaptation in response to the requirements of the caudal musculature.

The suppression of the crural, obturator, and sciatic pairs, on account

of the abortion of functional hind limbs, has left over the nerve pairs

ordinarily entering into the formation of those trunks, so that their

homologues are sent back into the tail, and they therefore potentially,

if not actually, enter into the lumbo-caudal plexus, and thus ultimately

send filaments at least to the caudal muscalature, and not improbably

sensory fibers to the flukes.

If it is admitted that inclusion and abortion of the function of the

hind limbs has occurred in the way that I have urged, a transfer of the

crural and sciatic fasciculi from the limbs to the tail must have occurred.

The anatomical facts show that such a transfer has taken place. 1 there-

fore see no reason to doubt the sufficiency of my hypothesis, because I

find no evidence of the presence of the nerves which ordinarily pass to

the hind limb, as such ; on the contrary they ought to be found incor-

porated into the caudal plexus according to the requirements of the

hypothesis. One set of muscles have been almost wholly, or, in some

cases, entirely suppressed, and their offices assumed by another set,

either of which the same set of nerves can alone supply with motor

impulses. Then comes in the suppression of myotomes in the extensor

and flexor muscles of the tail, iu Cetacea, for instance, where the myo-
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tomes over 12 to 14 vertebr.se are obliterated and converted into tendon

posteriorly, so as to call for a new mode of distribution of the nerves

different from that which obtains in fishes in which the paired nerves

and muscular segments correspond almost exactly in number with the

vertebral segments.

VII.

—

Translocation of the distal ends of the hind limbs

IN THE SIRENIANS.

The foetus of Halicore dugong, figured by Harting,* about 11 inches

long, Fig. 22, Plate III, shows the flukes well developed and of much

the same form as in cetaceans. Judging from the permanent adult

form of the tail of Manatus (outer outline, Fig. 20, Plate III), which

has the most rudimentary type of fluke, found either amongst ceta-

ceans or sirenians, it is probable that the flukes, in those types having

them well developed, viz, Halicore and Rhythm, grew out as in the for-

mer as low lateral horizontal folds. It seems that in Manatee the flukes

have been arrested in development so that they simulate somewhat the

early stages of the outgrowth of the cetacean flukes, as shown in the

accompanying figures of embryos of the latter.

In those fossil forms which are less degenerate than the existing

species, Halitherium Schinzi, for example, had the rudimentary femur

directed backwards towards the flukes just as in the tibia in the exist-

ing cetaceans and pinnipeds, according to the interpretations of Lep-

sius,t who has given excellent figures of the skeleton of this type.

This direction of the femur, as already urged in the case of analogously

modified forms, is very significant, and goes a great way in helping to

substantiate the view that the flukes are also modified hind limbs in •

the sirenians.

In Halitherium there is a well-developed acetabular fossa developed

on the pelvic bones for the reception of the head of the femur. Neither

femur nor acetabulum is developed in the living genera Halicore and

Manatee. Phytina probably had the pelvic bones as well developed as

in Halicore, in which they are present as two pieces, an anterior prob-

ably corresponding to the ilium and ischium of normal mammals. The

pelvis in Manatee seems to be composed of a single almost quadrate

element, as seen from the side, and is so reduced that it represents the

extremest condition of atrophy of the pelvic elements yet known, unless,

as Mr. F. W. True thinks, after an unsuccessful search for this element,

it is altogether absent in Kogia, the pygmy sperm whale.

This condition of degeneracy of the pelvis of sirenians is manifested

* Description de l'ceuf et du placenta de Halicore dugong, suivie de considerations

6ur le valeur taxonomique et phylogeuique des caracteres differentiels, fournis par le

placenta des mammiferes. Tijdschrift der Nederlandsche Dierk. Vereen, Dl. IV, 1879,

pp. 1-29, pis. I-II.

t Halitherium Schinzi, die fossile Sirene des Mainzer Beckens. Abhand., des Mit-

telrheinischen geolog. Vereins, I, Lieferungen 1 and 2, 4to
;
Darmstadt, 1831 and 1882.
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iu three well-marked stages, starting with Halitherium and ending with

Manatee. The extreme degeneracy of the pelvis of the latter it would

seem is in keeping with the undeveloped flukes of this type, which are

mere rounded expansions of the tail, which seems to be simply flattened

and widened posteriorly into a sort of spatulate form, as in Fig. 20,

Plate III, showing in the outer outline the form of the adult and in the

inner outline that of the tail of the embryo, both being quite unlike the

tail of Halicore, Plate III, Fig. 22, and Rhytina with their pointed

flukes.

That Halitherium ever possessed external limbs appears to me to be

exceedingly doubtful inasmuch as its femur is more rudimentary than

in Balcena mysticetus, and no tibial rudiment seems to be developed.

There is no dorsal fin developed in any one of the three genera of

sirenians which have fallen under the observation of naturalists.

As to the affinities of the sirenians, I think it very doubtful if they

are to be regarded as having descended from the same mammalian type

as the cetaceans, for, with the exception of the degenerate pelvis and

distal remnants of hind limbs, they diverge from the normal type far

less than do the cetaceans ; in fact, relatively but little more in other

respects than do the Pinnipedia. That it is possible that they were

differentiated by a process similar to that which has brought about the

modification of the cetaceans, but from a quite distinct form, I think

quite conceivable. Indeed it is quite easy to understand that a perfectly

similar change might be induced in two types originally very greatly

dissimilar through the long-continued action of similar influences af-

fecting the functional adaptation of the hind limbs, as already suggested

in the case of Ichthyosaurus.

The length of the free parts of the pectoral limbs of the foetal Dugong
described by Halting was almost exactly half of the total width across

both flukes, the length of the former being 5 centimeters, and the trans-

verse width of the latter 10.3 centimeters. This is a very suggestive

correspondence, but need not be insisted upon as indicating anything

like so near a likeness between the manus and pes as in Cetacea, be-

cause the fore limb in Sirenians has the arm bones better developed

than in the former and extended outward farther beyond the level of

the common integumentary covering of the animal. The nails are also

more or less well developed on the manus in the manatee.

The smallest foetal sirenian of which I have been able to find figures

and a description is by Prof. B. G. Wilder.* This specimen, of which I

reproduce Wilder's original figures, measured 2.3 inches from the vertex

to root of tail, 3.7 inches if fully extended. Greatest width of tail 11

millimeters or nearly one-half inch. A view of the hinder part of this

embryo, Fig. 20, Plate III, from below shows that the trunk is much

more abruptly swollen at the point in front of where the tail begins

* On a foetal manatee and cetacean, with remarks upon the affinities and ancestry

of the Sireuia, Ainer. Jonrn. Sci. and Arts, 3d ser. X, 1S75, pp. 105-114, plate VIII.
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than the adult, as shown in the outer outline, Fig. 20. The flat lobes

of the tail are relatively not as wide transversely as in the adult, and
are more gently rounded laterally so as not to have that squarish

posterior outline from above as in the adult. It is thus very evident

that the tail of the manatee in all probability at first grows out as in

the Oetacea, as a low longitudinal fold on the side of the tail.

Wilder, however, describes and figures a feature in this embryo which
is probably one of the most important which we have had to discuss in

this paper. I refer to what he calls a median papilla. He says : "The
tail forms nearly a right angle with the trunk. Upon its ventral border

near the tip is a minute median papilla, which does not appear to have
been observed in larger specimens, but there is no trace of the notch or

depression described by Dr. Murie iu both of his specimens." (P. 106,

I. c.) I have italicized part of one of his sentences.

This "minute median papilla" is obviously nothing more than the

last remaining vestige of the end of a tail exserted beyond the lateral

flanges or flukes in this type, and which, as development proceeds, is

covered in by the tail folds from before backward ; that is to say, as the

flukes or pedal folds during development grow still more in length they

include this papilla, and finally leave the median notch figured by Murie.

The above is nearly the same as what happens in the embryos of Cetacea,

as the flukes become falcate, when the tip of the tail proper is found to

lie in a more or less well-marked notch, Fig. 15, Plate II, between the

flukes of opposite sides, whereas in the very early stages the tip of the

tail proper, and not the fluke, is the most posterior point of the crea-

ture's backward extension.

But Professor Wilder expressly states (op. c.) that "it may at first

seem strange that there are no traces of hinder limbs iu this foetus, and
that the front limbs are not more like the legs of its supposed quadru-

pedal ancestors."

" It is by no means impossible that an embryo just forming would pre-

sent rudimentary hind limbs in accordance with the usual vertebrate

type." When farther along, Professor Wilder states in his summary
that " this, while contrary to the usually accepted rule, may be really

an exemplification of a more comprehensive law, namely, that the young

of animals resemble their ancestors," he has stated a generalization which
is to a larger extent true than generally supposed, as I have sought to

show in previous papers.

The question here, however, is, have all pxternal traces of hind limbs

vanished? The median caudal papilla we have regarded as the end of

the tail proper in the foetal manatee; the great lateral expansions of

the tail therefore become comparable to lateral limb folds or to the last

vestiges of external limbs, heredity having attempted after complete

atrophy of the hinder limb skeleton to repeat the story of their develop-

ment. So it has happened that their present condition as lateral folds

filled with comparatively undifferentiated mesoblast coincides with the
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first stages of the development of the vertebrate limb. In other words,

the general law that the first stage of limb-growth to be evolved by the

class is the last to disappear is here most emphatically confirmed by the

development of the backwardly translocated distal vestiges of the limbs

of sirenians.

The argument from Pteronura here also utterly fails to be satisfactory

because the terminal exserted end of the tail of the foetus of the Mana-

tee shows that the limb folds are truly to be considered lateral as in

other vertebrates, and are not evolved from a continuous marginal cau-

dal ridge or fold extending along the whole length of the tail, but from

short folds representing limb rudiments which have been derived from

functional limbs.

A consideration of the muscular system is important in its bearings

upon my hypothesis, so it will be desirable to cite Marie's * observa-

tions on the muscles of this region of the Manatee. We will first note

the dorsal muscles of the tail, or those lying above the vertebral col-

umn.
"What corresponds to the combined or continuous spinalis dorsi and

levator caudcc interims is a long, narrow, but in the back vertically, deep

muscle, which runs from the neck backwards as far as the end of the

tail. Anteriorly, where laterally compressed but fleshy, it fills vertically

the hollow between the cervical spines and transverse processes. Pos-

teriorly it becomes tendinous and aponeurotic, and is fastened to the

caudal vertebrae superiorly.

" There is a massive and in great part fleshy longissimus dorsi, which

extends outside the last from the first rib backwards to the very end of

the caudal vertebrae, thus including what constitutes the levator caudoe

externus of most other mammals. Like the preceding, the tail-tendons

are interwoven into an aponeurosis, partially fixed to the transverse

and to the spinous processes." (Op. cit., p. 141.)

The ventral or hyposkeletal, lumbo-caudal system is not prolonged

so far forwards, and has a posterior insertion different from the dorsal

set.

<' The first and notable muscle is that which in the profile and uuder-

view appears as a great and only mass filling the interval between the

last rib and the caudal extremity and the space between the chevron

bones and the tips of the lumbo-caudal transverse processes. This as-

pect is in some respects deceptive, as the muscle, when manipulated by

the scalpel, is found to be only one of two thick and long layers occu-

pying the area in question. The superficial stratum or musculo-tendi-

nous lamella arises from the outer half and inferior surface of the last

rib, being here partially overlain by the external oblique and panni-

culus ; thence, with inwardly oblique fibers, it is inserted mesially from

the third chevron bone backwards to the termination of the spinal col-

* Ou the form and structure of the manatee, by Dr. James Marie, Trans. Zool. Soc.

London, VIII, 1874, pp. 127-202, pis. 17-26.
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umn, and outwardly is fixed to the tips of the transverse processes.

Anteriorly, the muscle is strong, thick, and very fleshy ; but half-way

along the tail, and nearly throughout the middle line, it becomes tendi-

nous, by degrees thinner, and towards the end is little else than a glis-

tening aponeurotic fascia with coarse, tough fibers. These fibers, when

unraveled with care, separate into broadish tendons, one to each ver-

tebra, which posteriorly commingle with the great flat-tail aponeu-

rosis.

"The second or deeper muscular lamella, also taper-shaped, is, as a

whole, much thicker and fleshy, but not quite so broad as the last.

Besides a very small slip anteriorly derived from the last rib, it has

firm attachments along the under surfaces of the two lumbar and all the

caudal vertebras, filling the interspace betwixt the vertebral bodies,

the sides of the chevron bones, and the distal extremities of the trans-

verse osseous elements. This sheet, like the former superficial oue, is

fleshy anteriorly and tendinous inwardly and behind. Its terminal

fascia? or tendons are more cord-like, and with less difficulty resolvable

into separate elements." (Op. cit, pp. 145, 146.)

Dr. Murie then continues and describes a lateral subcaudal muscle,

which is of considerable interest, in that it sends its tendinous inser-

tion backward to the vicinity where the margin of the great lateral tail

folds end anteriorly. His account of it is as follows :
" Lastly, if con-

sidered amongst the subcaudal muscles, and not what it to some extent

simulates, a continuation of the sacrolumbalis, we have the lateral

or superficial outlying fusiform muscle intermediate between the dorsal

and ventral surfaces of the tail. This numerically fifth infracaudal

muscle, narrow, roundish, and tapering, has origin close to the termi-

nation of the sacrolumbalis, from the cartilaginous tip of the trans-

verse process of the sacral or first true caudal vertebra, and lies hori-

zontally along the next eight processes. It terminates in a long but

strong tendon upon the surface of the subcaudal muscle, mingling with

its fascia." (Op. cit
, p. 146.)

Dr. Murie also speaks of an anterior subcaudal pair, which are marked

quadratus lumborum in his plates.

While the writer would not wish to appear hypercritical, he cannot

agree with Murie and Stannius in regard to the homologies of the hy-

poskeletal muscles of the tail. It is of course obvious from the preced-

ing description that the whole of the infracaudal muscular mass in the

Manatee cannot be homologized with the psoas muscles of human anat-

omy, but it is evidently impossible to homologize the anterior muscular

bundles of the deeper of these muscles, arising from the under face of

the two lumbar vertebras, with anything else than the psoas magnus of

man. Obviously, if we bear in mind the importance of serial homolo-

gies, the muscular slips arising from and behind the sacrum cannot be

psoas, and infracoccygeus and sacrococcygeus may therefore be good

names for those hinder portions. The inner pair of muscles alluded to
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above as quadratus lumborum, have a far better right to be considered

psoas parvus than to bear the former name, because it must be remem-

bered that the vertebrae from which they arise, though dorsal in Mana-

tee, are lumbar in man.

It is thus made evident, it seems to me, that tendinous terminations

of a muscle in the Manatee perfectly homologous with the psoas usually

inserted into the trochanter minor of the femur of normal forms, actually

find their way to the tendinous aponeurosis of the great flat tail which

represents the feet of normal forms. This would seem to follow from

the consideration of the arguments adduced in favor of the doctrine that

the insertions of certain limb muscles are translocated backwards in

the pinnipeds.

The fibers in the great lateral tail folds have a generally backward

and outward direction from the spinal column, according to Murie's

figures, and the great medullary plate of "aponeurotic fibers" along its

inner border or attachment to the side of the caudal chain of vertebras

lies below the level of the transverse processes, its anterior portion

showing a very strongly marked inclination to assume a ventro-lateral

position, which, if continued forward, would strike the pelvis lying some

distance below the axial column.

It is probably along this line extending from the pelvis to the flukes

that the atrophy of the limbs of the sirenians has occurred.

VIII.

—

On what appear to be tactile nAIRS or vibrissa in

CETACEANS AND SIRENIANS.

A few scattered hairs are found about the lips of the adults of some

of the right whales, and it may be interesting to call attention to an

embryonic trait of Rhachianectes. In an embryo of Rhachianectes, Fig.

1, Plate I, there are present minute dermal pits having a very singular

distribution between the external openings and the tip of the muzzle.

A. smaller number of them are found just below the edge of the lower

lip, as seen in the side view of this embryo. The distribution of these

rostral hair follicles is shown from above, in Fig. 2. There is some

evidence that these structures, as in those from which the vibrissa? of

the upper lip of Camivora grow, are arranged in rows, but not so regu-

larly as those shown in the embryo walrus, as seen from the side. In

the embryo kitten about an inch long, as in the walrus, they are confined

to the upper lip on the sides of the muzzle, and are limited to a small

circumscribed area somewhat elevated from the adjacent integument.

In none of the other cetacean embryos studied by me were these pits

for the vibrissas so numerous as in Rhachianectes, and in an embryo of

Phocwna communis, Fig. 7, there is a single row of seven of them on

either side of the muzzle lying in a shallow groove one-eighth of an inch

above the edge of the upper lip ; none present on the sides of the lower

lip. In the younger ones and in Globioccphalus they were not present

or at least distinguishable with the aid of a pocket lens.
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In an advanced foetus of Phoccena communis, in the museum col-

lections, there are present on either side of the snout two strongly de-

veloped vibrissas in the situation corresponding to the position of the

vibrissal pits or follicles noticed in a much younger specimen, in which

these are, however, much more numerous. This advanced stage was
kindly brought to my notice by Mr. True. Bschricht, however, calls at-

tention in his Untersuch. uber nordischen Wallthiere to a number of the

earlier allusions to the occurrence of such hairs on young cetaceans,

figuring the distribution of the follicles which give rise to them, espe-

cially those seen on the snout of the foetus of Megaptera longimana,

Fig. 16, Plate II, between the blowholes and the end of the muzzle,

where a considerable number of dermal follicles are shown as elevations

of the integument, though they do not show much greater regularity

of arrangement in rows than do those of Bhachianectes. Eschricht also

figures their follicles in a fcetus of Balcenoptera rostrata, Figs. 18 and

19, Plate III, where three are shown above the margin of the upper lip,

and four on the lower, the upper series being arranged more like the

seven shown on the upper lip in Fig. 5, Plate I, or in a single row,

yet it appears in this last case, after comparison of this stage with

later ones of the same species, that only two of the follicles develop

outwardly apparent bristles, five of them subsequently aborting when
the young animal is about a foot in length. Between this last-mentioned

stage and the adult condition the two remaining vibrissae seem to disap-

pear so that in the adult Phoccena no vibrissas are distinguishable.

Inia, with its feebly developed dorsal fin we have already had occasion

to notice as less specialized in that respect than other forms, has the

beak provided over both its mandibular and maxillary halves with

short bristles, apparently indicating that in this form there has been a

less marked loss of what were once, in part at least, vibrissae, such as

are found over the upper lip of fissipeds and pinnipeds, and below the

mouth and above it in Dicotyles.

The strong short vibrissae of the walrus on the sides of the muzzle

and the vibrissae found within the inflected margins of the lips of the

Manatee are somewhat similar, but it is very possible that the protractile

and retractile lips of the latter animal enables it to use these stiff bristles

as prehensile organs, and in part as substitutes for incisors in grasping

and tearing off the soft aquatic or marine vegetation upon which it

feeds.

The distribution of the vibrissae on the snout in carnivorous types

seems to be mainly over the sides of the muzzle above the mouth, but

in the Ungulates, especially the suilline group, vibrissae are found

both above and below the mouth. Inasmuch as the whales and por-

poises exhibit both of these distributions of their vibrissae, it is impos-

sible to draw any conclusions from their mode of arrangement which

will be of any value in determining their taxonomic relations. The
most that can be said is that the Balaenoid cetaceans seem to approxi-

S, Mis. 70——31
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mate the suilline Ungulates in the distribution of the vibrissa} in the

fcetai condition. The Delphinoid forms, on the other hand, show three

types of distribution of the same organs, namely, that seen in Inia,

which approaches that of the pigs, that of Phoccena, which approxi-

mates slightly that of the Carnivora, and a third which approaches

neither, all indications of vibrissa} beiug absent even in the foetal con-

dition. That the distribution of tactile hairs cannot be of much im-

portance in taxonomy is shown by the fact that a cluster of tactile hairs

is found above the eyes in the pig, dog, and seal, and another at the

lower border of the cheek near the angle of the lower jaw in Dicotyles

and Canis.

It may occur to the reader to ask why the dermal follicles fouud about

the muzzle of cetacean embryos should be considered to give rise to

vibrissas and not simply to hairs. The reasons why I chose to consider

them in the former light is this : They resemble singly very strikingly

in the cetacean foetus the appearance of the single follicles forming the

cluster found in the same vicinity, but above the mouth only, in the

foetus of the cat and seal. A tactile hair or vibrissa is only a hair de-

veloped to an unusual size, and in Cetacea as well as in Carnivora these

organs seem to have their follicular rudiments formed in the latter at

least before the follicles which give rise to the general hairy covering

of the body are apparent. Their situation .. lose to the mouth is another

reason. The remarkably regular arrangement of the vibrissa} of the

muzzle of Carnivora in rows, which may be traced in two directions at

an acute angle with each other, is not apparent in any cetacean.

In none of the early foetuses have I found vibrissa} actually developed

so as to be outwardly visible ; the follicles which give rise to the latter

alone seem so far to have been formed in the foetuses. This is the case

so far as I have been able to make out in both the early foetuses of Car-

nivora and Cetacea.

IX.

—

Summary.

The results of the preceding studies may be briefly embodied in the

following paragraphs :

1. The structure of the pinnipeds indicates that the process by which

their hind limbs were directed backward and partially included together

with the tail in a common integumentary investment, would, if exag-

gerated, lead to the translocation and fusion of the feet with the end of

the sides of the tail as in the cetaceans, in which the now degenerate,

backwardly-displaced feet are represented by the flukes.

This general thesis is supported by the following minor considera-

tions which have been developed in the successive subdivisions of the

preceding memoir as follows

:

1. The inconstancy of the dorsal fin ; its variability in size, from none

at all to a well-developed one, and its variable position.

2. The non-connection of the dorsal fin with any muscles and its
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median blood supply. Its late development in the embryo after the

pectoral limbs and flukes are formed, and its evolution from a median
dorsal tegumentary fold or carina.

3. The presence of a well-marked cervical constriction in early ceta-

cean foetuses, indicating a closer affiliation at some remote period with

ambulatory amphibious or terrestrial mauimals than the type now
manifests.

4. The probable evolution of extra terminal phalangeal segments in

the digits of Cetacea from cartilaginous terminal prolongations of the

ungual phalanges developed in a seal-like ancestral type.

5. The presence of two sets of vessels in the flukes corresponding to

a dorsal and a plantar set, and arranged somewhat after the manner of

the vessels on the manus, and the probably similar position of the

hallux and pollex on the outer border of the manus and pes in the

Protocetacea as well as in the Pinnipedia.

6. The connection of the hyposkeletal muscles of the tail with the

flukes by tendinous fibers or fascia in both Cetacea and Sire?iia as a result

of the translocation backwards of the insertions of the muscles corre-

sponding partly to the iliopsoas, which is partly inserted in terrestrial

forms into the femur.

7. The tendency to shift the insertions of the muscles of the hind

limbs rearward in pinnipeds, a process which was also presumably act-

ive in the protocetaceans.

8. The belated outgrowth of the rudiments of the hind feet (flukes)

of cetaceans, in conformity with the general embryological law that the

rudiments of fore limbs in vertebrate embryos generally appear some-

what earlier than the hinder ones. Degeneracy in the Cetacea has also

affected their unusually belated outgrowth in this type.

9. The lateral position of the flukes, as corresponding serially with

rudiments of hind limbs.

10. The mode of development of the flukes as diverticula of the epi-

blast filled with indifferent mesoblast the same as the primary limb rudi-

ments of other vertebrates.

11. The hypertrophy of the caudal musculature and skeleton of the

Cetacea and the differentiation of the tail vertebrae into two well-marked

series.

12. The atrophy in cetaceans of the elements of the pelvis and limb

skeleton in exactly the inverse order in which they are developed in

normal forms.

13. The tendency to degeneracy of the pelvis and proximal elements

of the limbs of pinnipeds, which are tending to degenerate in the same
direction as have the same elements in the cetaceans.

14. By the tendency in cetaceans to prolong the lumbar plexus

towards the tail to supply the cenogenetically developed caudal muscu-

lature.
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15. The direction of the axis of the bones of the cms, when developed,

towards and in a line with the pes in swimming, in both pinnipeds and

cetaceans.

16. The direction of the axis of the rudimentary femur in Ralithe-

rium, and the tibia in Balcena, towards the flukes.

17. The presence of a supposed free rudiment of the tail in the foetus

of the manatee, which is exserted beyond the flukes.

18. The effect of the translocation of the paired limbs as observed in

other types, especially as indicating that the outgrowth of the limb

folds in advance of or behind their original or archaic site is influenced

by heredity, which acts more powerfully through immediate than

through remote ancestry, in this as in many other cases.

EXPLANATION OF PLATE I.

Reference letters: a, anus; b, blow-bole or holes; cl, clitoris; d, dorsal fin; e, external

auditory meatus; /, flipper, or fore limb ; h, lateral fluke folds or outward rudiments

of pedes; m, mouth, in Fig. 8; p, penis; u, umbilical cord or navel-string.

Fig. 1. Female foetus of Iihachianectes f/laucus, or California gray whale, natural

size, seen from the side, showing the distribution of the follicles for the vibrissas on the

snout above and below the cleft of the mouth (N. M. Coll.).

Fig. 2. Head of the same, seen from the front, showing the separated blow-holes

and the follicles for vibrissas between the nostrils and the tip of the snout.

Fig. 3. Sketch of the perineal region of the same, as seen from below, showing the

anus, the vulva behind the clitoris, and the very minute mammary fossae or clefts

on either side of the latter.

Fig. 4. The tail of the same, as seen from below, to display the rounded or lobe-like

fluke folds.

Fig. 5. Male foetus of Phoccena communis, natural size (N. M. Coll. 14294, Province-

town, Mass., Freeman & Hillman), showing follicles for seven vibrissas on the side of

the snout above the mouth.

Fig. 6. View from below of the perineal region of the preceding.

Fig. 7. View from above of the tail of the same.

Fig. 8. Side view of a somewhat damaged foetus of Phoccena (N. M. Coll. 11204,

Eastport, Me., G. B. Goode.)

Fig. 9. Side view of a female foetus of Globioceplwlus the Caaing whale or black-

fish, natural size (N. M. Coll. 14295, Wood's Holl, Mass., V. N. Edwards).

Fig. 10. View of the tail of the same, showing the very low horizontal fluke folds

just beginning to be apparent on the sides of the end of the tail.

EXPLANATION OF PLATE II.

Fig. 11. Foatus of the narwhal, natural size, from the side. After Eschricht.

Fig. 12. Male foetus of the white whale, Delphinapterm, from the side. After Esch-

richt.

Fig. 13. Male foetus of Delphinapterus as seen somewhat obliquely from below,

natural size. After Eschricht.

Fig. 13a. Tail of the preceding, showing the first stages of the outgrowth of the

fluke folds. After Eschricht.

Fig. 14. Foetal kitten, twice natural size, to show the relatively early differentia-

tion of digits and the outwardly apparent wrist, elbow, ankle, and knee joints, and

the similarity in curvature of the cetacean aud fissiped embryo of relatively the same

age. From a specimen given me by Mr. J. L. Wortman,
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Fig. 15. Diagrammatic figure illustrating six stages of the outgrowth of the flukes

of cetaceans, the successive contours being compiled from various sources ; the last

stage being approximately that of the flukes of the adult to show the way in which

the caudal notch is developed over the end of the tail.

Fig. 16. View of the top of the head of a foetus of Megaptera longimana, natural size,

to show the arrangement of the hair follicles or vibrissas on the snout. After Es-

chricht.

Fig. 17. View of right flipper or fore limb of the foetus of Globiocephalus represented

in Fig. 9, Plate I ; drawn after the whole limb was detached and rendered transparent

with clove oil. Enlarged 16 times, h humerus, r radius, u ulna, p pisiforme, I pollex,

and II, III, IV, and V, digits.

EXPLANATION OF PLATE III.

Fig. 18. Head of male foetus of Balcenoptera rostrata, natural size, showing the two

blow-holes and three follicles on either edge of the snout for vibrissas. After Es-

chricht.

Fig, 19. Side view of the same foetus displaying four follicles for vibrissas below the

edge of the lower lip, and showing the median notch at the end of the tail. After

Eschricht.

Fig. 20. The inner contour lines show the form of the tail of a foetal manatee, nat-

ural size, from below, with a median papilla near the end and within the lower mar-

gin, a anus, cl. clitoris. After Wilder.

The outer contour shows the configuration of the tail of a young male manatee 4

feet long, as seen from above, and reduced from Murie's figure to nearly one-fifteenth

natural size in order to show the changes of form undergone by the tail in passing

from the foetal to the adult condition.

Fig. 21. Female foetus of manatee, 3.7 inches long, obtained by the late Professor

Orton, and figured by Wilder. Natural size, viewed from the side, a point of elbow,

c carpus, n nostril, e ear. After Wilder.

Fig. 22. Male foetus (?) of Halicore dugong, one-half natural size, n nostril, e ear, u

umbilical cord, p penis (?), a anus. After Harting.
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XX -ON THE DEVELOPMENT OF OSSEOUS FISHES, INCLUDING
MARINE AND FRESHWATER FORMS.

By John A. Ryder.

I.

—

Gadus morrhua L. {The God.)

The main features of the development of {his species have been de-

scribed and illustrated in a previous memoir} by the author, so that it

will not be necessary to do more than to add observations made since

the publication of that paper, and otherwise complete the record of the

early life-history of this important food-fish.

The views of Hoffmann2 as to the meaning and sequence of the phe-

nomena attending the fertilization of fish ova have been disputed since

the above-cited essay was written, and apparently upon the basis of

well-determined data. The most recent contribution to this subject is

by Agassiz and Whitman,3 who state, page 19, in reference to the de-

velopment of Ctenolabrus, that "immediately after the penetration of

the spermatozoon a disk-like thickening of the cortical layer appears

at the lower pole of the egg ; and at the center of this disk may be

seen, in mounted preparations, the minute male pronucleus. It is a

curious fact, of which the proof will be given in our second memoir,

that the male pronucleus becomes the center of attraction around which

the discoidal aggregation of protoplasm takes place, and towards which,

after the formation of the second polar globule, the female pronucleus

gravitates."

In another paper4 Agassiz and Whitman have also discussed the

origin of the periblast, as it is called by them, reaching the conclusion

that the "autoplasts" (Laukester), the free nuclei of authors, do not

arise spontaneously in the layer of protoplasm underlying the germinal

disk, nor from a single nucleus developed at the time of the first cleav-

1 A contribution to the embryograjjhy of osseous fishes, with special reference to the

development of the cod ( Gadus morrhua). Report of the United States Commissioner

of Fish and Fisheries, part x, for 1882, pp. 455-605, pis. xii. Washington, 1884.

2 C.K. Hoffmann. Zur Ontogenie der Knochenfische, chapters i-viii, 4to. Amster-

dam, 1881.

3A. Agassiz and C. O. Whitman. The development of osseous fishes. I. The pe-

lagic stages of young fishes. Studies from theNewport laboratory. Mem. Mus. Comp.

Zool., xiv, No. 1, part 1, 4to, pp. 56, 19 plates. Cambridge, 1885.

4 On the development ofsome pelagic fish eggs, preliminary notice. Proc. Am. Acad.

Arts and Sciences, xx, 8vo, pp. 23-75, 1 pi. 1884.
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age, as held by Hoffmann (op. cit.), but are segmented off from the
marginal cells of the segmenting blastodisk as suggested by the writer

in his first paper on the cod.

With the further growth in diameter of the blastodisk the marginal
cells, which are without well-defined outlines, are finally covered over by
the spreading blastodisk. In this way the nuclei of the periblast (a

layer which is in reality a syncytium) are finally brought into such a
position that they seem to underlie the blastodisk. The nuclei in the

periblast are, however, always most abundant near the edge of the blas-

todisk at an early stage of development. During the later stages the

nuclei of the periblast are most numerous just beneath the embryonic
axis, especially under the head.

The marginal segmentation, which gives rise to the so-called "free nu-

clei" of the periblast, first clearly described by Agassiz and Whitman,
leads to the formation of a wreath of fiat cells which form a more or

less well-marked zone around the blastoderm upon the completion of

the segmentation of the blastodisk. This marginal wreath of cells, " nu-

clear zone" of Kupffer, has been figured by the latter,5 E. Van Bene
den,6 the writer,7 Brook,8 Cunningham,9 and by Agassiz and Whitman.
The essential agreement of so many observers working upon very dif-

ferent species shows that this nuclear zone must be very generally de

veloped in the eggs of Teleosts, and even amongst the Salmonidse,

where it is not so easily observed in the living egg, but which is shown
in the sections figured by B. Ziegler.10

The development of this "nuclear zone" in the eggs of the cod es-

caped my observation when I studied the development of that species

in 1881, but I have during the past year (1885) observed it, and have,

moreover, satisfied myself that it arises as observed in Ctenolabrus, by
Agassiz and Whitman, and that it is subsequently covered over by the

spreading blastoderm, while the nuclei of the periblast, also subdivide

by the indirect method, and proliferate inwards beneath the blastodisk.

Cunningham's observations are in accord with these.

The synonymy of the term periblast may profitably be considered

here. It obviously corresponds to the " white yelk" of the bird's egg

;

'Kupffer. Beobacht. ii. der Entw. der Knochenfische. Arch. f. mikr. Anat., iv, pi.

xvi, fig. 1. 1868.

6 E. Van Beneden. A contribution to the embryonic development of the Teleosteans.

Quar. Jour. Mic. Sci., xviii, 1 pi. 1878.

7 J. A. Ryder. Development of the Spanish mackerel. Bull. U. S. Fish Com., i,

1881, pp. 135-172, pi. i, fig. 4.

7a J. A. Ryder. Development of the silver gar. Bull. U. S. Fish Com., i, 1881, pp.

283-301, pi. xix, fig. 3.

8 Brook. Preliminary account of the development of the Lesser Weever-fish, Trachi-

niis vipera. Journ. Linn. Soc. Zool., xviii, 1^84, pp. 274-291, pi. iii, figs. 8, 9-da.

9 J. T. Cunningham. On the relations of the yelk to the gastrula in Teleosteans,

and in other vertebrate types. Quar. Jour. Mic. Sci., 1885, pp. 38, pis. iv.

10 Die embryonale Eutwickelung von Salnio salar. Inaug. Diss., Freiburg i, B.,

1882. Taf. i, figs. 6-10.
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" Subgerminale Platte'''' of Kupffer; Dotterhaut and membrana vitellina of

(Ellacher; couche intermediaire of V&u Bambeke; intermediary layer of

authors; parablast of His, Waldeyer, Hoffmann, Gasser, Kupffer: yelk-

hypoblast of the writer; couche hcematogene of Vogt; and the plasmedium

of Eauber.
The annular thickening of the periblast, just under the edge of tbe

blastodisk, is clearly homologous with the Keimwall of His or the Keim-

wulst of Kolliker, as seen in the ova of Sauropsida. The function of

this periblast is also clearly established throughout the various series

of Vertebrates which develop meroblastic ova; its cells, in fact, in-

corporate yelk particles, by a process which is essentially one approx-

imating that of intracellular digestion. Finally, the periblast may give-

rise directly to free cells, which pass into the vascular channels of the

embryo as blood-corpuscles.

This disposition to absorb the underlying quiescent plasma is also

shown by the lower cells of the true hypoblast which immediately over-

lies the periblast. Such hypoblastic cells which are larger than their

neighbors have been called megasphsera by His, aud have also been

figured by Kolliker in the Avian blastodisk, while they have been en-

countered by the writer in the blastodisks of Teleosts.

In the eggs of the cod, as in most pelagic fish ova, the periblast is

quite thin after the closure of the blastopore, but as the yelk diminishes

in quantity with the progress of development this layer becomes de-

cidedly thicker. The entire yelk is, in fact, first converted into the

Plasmodia! substance of the periblast before it is absorbed by other

parts of the embryo. It therefore results that the last portion of the

yelk to disappear is the periblast.

The periblast is undoubtedly hypoblastic in position, and in many
large-yelked forms is homologous with the splanchnopleure, as in the

case of the embryos of Salmonoids, in which, together with the vascular

network traversing it superficially, it eventually occupies the position

of the splanchnopleural mesoblast in relation to the other layers.

(I) Development of the hypoblast or the gastrulation of the egg.—This

almost threadbare subject I return to reluctautly, because so much
which is erroneous has been written about it. Balfour's account in his

Comparative Embryology, ii, 57, is far from clear, and conveys but

little definite information as to the origin of the hypoblast. That the

latter is developed as a "centripetal ingrowth of cells from the margin

of the blastodisk" (Agassiz and Whitman) there can no longer be any

doubt, though in my earlier studies on the development of the cod I

opposed that view, because I had not succeeded in witnessing the pro-

cess, which I have observed since in detail, as has also beeu done by
Cunningham.

I find that the cells at the edge of the blastodisk are inflected around

its entire margin, but that at the point where the future embryo is

formed the ingrowth is most rapid, and soon becomes somewhat wider.



492 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [4]

Later, the hypoblastic layer, which has arisen by the process of inflec-

tion just described, forms a sort of rounded promontory or tongue of

cells, several deep, which is prolonged inwards under the epiblast with

the progress of the development and the growth in length of the two-

layered rudiment of the embryo. The views of Gcette, 11 Haeckel, 12 Hen-
neguy, 13 Ziegler, Kingsley and Oonn, 14 Agassiz and Whitman, Brook,

and of Cunningham, on this point, agree pretty closely as to the main
fact of the occurrence of a marginal inflection of the blastodisk.

As observed by a number of investigators, the centripetal inflection

of the margin of the blastodisk of Teleosts does not lead to the for-

mation of a continuous plate of cells underlying the sensory layer of

the epiblast, and of the same area as the latter. A very considerable

area beneath the epiblast, and occupying an excentric position in the

blastodisk, is not invaded by the ingrowing hypoblastic layer. The
space not so invaded and bounded by the epiblastic layer above, the

inflected lips of the hypoblastic layer at the sides, and by the periblast

below, is the depressed or flattened blastoccel of the Teleostean ovum.

It is perfectly homologous with that of Branchiostoma, but is flattened

or depressed by the way in which the growth of the blastula is modified

by the presence of a large yelk, which is itself invested by the peri-

blast or yelk-hypoblast. The blastula becomes, in fact, a hollow disk.

The yelk-periblast or yelk-hypoblast, and the inflected hypoblast are

hypoblastic in their relations, and must accordingly be invested in the

course of development by the epiblast by epibole. The epiblast and
hypoblast are accordingly fused at the margin of the blastodisk. The
entire margin of the blastodisk must consequently be regarded as the

blastopore or archistome of the developing Teleostean ovum, as origi-

nally implied by Haeckel. Such a condition of things would be brought

about by loading or surcharging the cells of the hypoblastic pole of the

blastula of Branchiostoma with yelk substance. The way in which the

discoblastula arose may be very easily understood, if the gastrula stages

of BrancMostoma, Rana, and Gadus are carefully compared.

With the gradual increase in the size of the yelk in the vertebrate

series, it finally happens that the principal morphol ogical features of

the embryo are distinctly developed long before yelk absorption is com-

pleted. As a result of this, the yelk, which occupies a ventral position

in reference to the intestine, is finally excluded from direct connection

with the latter, and the periblast (hypoblastic in origin) is made to as-

sume a new function, viz, that of ministering to the incorporation of

11 GoBtte. Berlin, medicin. Centralblatt, 1869, No. 26, pp. 404-466, and Arch, fttr mik.

Anat., ix, 1873, p. 679.

12 Haeckel. Die Gastrula und die Eifurckung. Jena. Zeitschr., ix, 1875.
13 Henneguy. Note sur quelques faita relatifs aux premiers ph6nomenes du devel-

oppenient des poissous osseux. Bull. Soc. Philom. de Paris, 10 Apr., 1880, p. 4.

"Kingsley and Conn. Some observations on the embryology of Teleosts. Mem.
Boat. Soc. Nat. Hist., iii, pp. 183-212, pis. xiv-xvi, 1883.
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the vitelline matter. Kolhnann 15 has lately presented some strong evi-

dence in favor of this view, but is in error in assuming that the lips of

the inflected rim (hypoblastic stratum) of the blastoderm are the lips

of the blastopore. If this view is admitted, we are logically forced to

conclude that the yelk is something extraneous, and is not an integral

part of the ovum, as we know it to be, judging from the way in which

the periblast arises. The manner in which the latter is formed shows

that the continuity of the blastodisk with the plasmic layer investing

the yelk is perfect, and that the cleavage cavity is exactly homologous

with that developed in a holoblastic ovum. There is, therefore, a blas-

tula stage developed in Teleosts which is most distinctly evident at the

time the " nuclear zone" is formed. The vesicular syncytium formed by
the periblast is, however, so enormously distended with passive yelk

that gastrulation is modified to an extreme degree. Kollmann's argu-

ments against the final closure of the blastopore at the edge of the

blastoderm and at the hinder extremity of the axis of the embryo breaks

down completely, if the processes of gastrulation of Branchiostoma, Bana,

and Gadus are compared, because such a comparison shows : First, that

a gradual loading of the entoblastic pole of the blastula with yelk causes

the latter to be constricted around its equator in the course of develop-

ment, thus leading to the formation of a blastodisk with an inflected

two-layered margin. Secondly, since the foregoing is true, it results

that active development is shifted so entirely towards one pole of the

egg that gastrulation also occurs there, and an attempt is made.' to re-

produce the state of things seen in the gastrula of Branchiostoma,, but

in the effort of the active pole of the blastula to envelop the passive

one by epibole it appears as if the annular entoblastic invagination was
incomplete, leaving the " Urmund" of Kollmann open. This " Urmund"
is homologous with a circular opening which might be produced by a

rupture near the center of the inflected entoblast of the gastrula of

Branchiostoma, and therefore is in no sense homologous with the true

blastopore. The opening in the floor of the discoblastula of Teleosts

and Elasmobranchs, identified by Kollmann with the blastopore, I pro-

pose to call the discopore, in order to permanently distinguish it from

the true blastopore of authors. An equally fatal objection to Koll-

mann's view is that on the basis of his interpretations the blastopore of

Teleosts and Selachians would not open to the exterior.

A view resembling in some respects that of Kollmann was enter-

tained by me in 1881 (see la, supra, p. 298), though it was immedi-

ately qualified in paragraph 2 which followed on the same page, and

was subsequently adopted in a modified form in my first paper on Gadus

(Contr. Embryog. Oss. Fishes, p. 569). I had also observed 15" and
figured the segmentation of the "nuclear zone" or "marginal wreath of

15 Kolluiann. Genieinsarne Entwickelungsbahiien der Wirbelthiere. Arch. f. Anat,

u. Physiol., 1885. Anat. Abth, pp. 279-306, pi. xii.

;
5a See No. 7, p. 146, fig. 4, pi, 1 ; apd also No. la, p. 287, fig. 3, pi. six,
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cells" from the edge of the blastodisk. And contrary to what some of

the more recen t writers on Teleostean development would seem to imply,

I had already suggested that the nuclear zone gave rise to the nuclei of

the periblast, as the following quotation will show: "The free nuclei

of the yelk-hypoblast apparently proliferate as the blastoderm spreads.

They are, at any rate, at first confined to the germinal pole of the

ovum, and are only found at the opposite pole after the yelk-globe has

been included by the blastoderm. The inference, therefore, is that they

spread and multiply with the lateral growth of the blastoderm. It is

these nuclei possibly which are the centers of certain free cells around
the margin of the germinal disk when the latter has attained the morula
stage, as in Cybium and Tylosurus, as shown in fig. 3, pi. six, of my
essay on the latter form. If such is the case, it is possible that the

germinal wall (Eeimwall) at the edge of the blastoderm of the chick is

homologous with the yelk-hypoblast of the fish ovum" (Contr. Embryog.
Oss. Fishes, p. 509).

The marginal inflection of the blastodisk is figured by Kingsley and
Conn (No. 14) in Ctenolabr2is, and by Brook, 16 1T as being composed of

larger cells than that of the epiblast. Kingsley and Conn represent

only a single layer in Ctenolabrus, a condition which 1 have never

found to exist in sections of the disks of any of the species studied by
me. Brook represents several layers of larger cells in the hypoblast.

That the inferior stratum of cells of the inflected hypoblastic layer are

perhaps somewhat larger than those of the epiblast I admit, but that

they are generally very much larger or that the inflected hypoblast is

ever formed of a single layer, as held by Kingsley and Conn, I am dis-

posed to question.

Cunuiiiiiham (On the relation of the yelk to the gastrula in Teleos-

teans, etc..) has studied the development of three Gadoid forms, and has
been the hist English iuvestigator who has declared himself an advo-

cate of the concrescence theory, which, in its various forms, has been
supported by His, 13 Bauber, 19 Whitman,20 and myself, 21 and latterly by
Duval22 and Kollmann.

16 Brook. On some points in the development of Motella mustela L. Journ. Linn.

Soc.Zool.,xviii, Nov., 1884, pp. 298-307, pis. viii-x.

17 Brook. On the origin of the hypoblast in pelagic Teleostean ova. Quar. Journ.
Mic. Sci., Jan., 1885, pi. iii.

18 W. His. Ueher die Bildung der Haifischembryonen. Zeitschr. f. Anat. u.

Eutwickelungesch.,ii, 1877, pis. vii; also, Untersuch. lib. die Entwick. von Kuochen-
tische, etc., in vol. i of same journal, 1 pi.

lw Rauber. Primitifstreifeu und Neurula ; also, Die Theorien der excessiven Moustra,
Virchow's Archiv. lxxi, 1877, pis. 3.

20 Whitman. Embryology of Clepsine. Quar. Jour. Mic. Sci., July, 1878, pp. 101,

pis. xii-xv.

21 Ryder. Ou the formation of the embryonic axis of the Teleostean embryo by the

concrescence of the rim of the blastoderm. Am. Naturalist, 1885, pp. (514-615, 1 fig.

22 Mathias Duval. De la formation du blastoderme dans l'ceuf d'oiseau. Ann. Sci.

Naturelles. Zool., 6e ser., tome xviii, pp. 208, pis. 5, 1884.
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The strenuous opposition to the doctrine of concrescence manifested

by Balfour arose apparently from his too constantly interpreting all of

the higher vertebrate types of development upon the basis of his bril-

liant researches on the Elasmobranchs. Later research has only con-

firmed the doctrine and added little except a clearer knowledge of the

details of the process, and I may add that Whitman has recently gone

over the subject of the concrescence of the germ bands in Clepsine, and

will shortly present the most conclusive evidence of the soundness of

the views which he originally published in 1878. The evidence as to its

occurrence in Gadus becomes palpable upon the advent of the initial

steps of the inflection of the blastodermic margin. The inflected layer

soon becomes wider in the region wliere the embryo is formed and is

prolonged with the progress of the extension of the blastoderm over the

yelk. The concrescence of the lips of the primitive blastopore in the

middle line of the embryo would also tend to carry a larger number of

periblastic nuclei under the anterior and middle region of the true hypo-

blast. It does not necessarily follow, however, that the floor of the in-

testine is formed by cells derived from the periblast, as occurs in Elas-

mobranchs (teste Balfour), and as held by Cunningham, though there

is no objection to such a view. The principal conclusions reached by

Cunningham as to the homologies of the yelk-blastopore are, however,

not new, as Eauber 23 and myself 24 had previously reached the same or

very similar interpretations.

Eauber considers what I have called the " yelk-blastopore" to repre-

sent the " blastostomion verum " or true blastopore in types with a large

yelk. The blastopore of the latter types, usually regarded as such by

embryologists, and developed at the anterior part of the primitive streak,

Eauber calls the " blastostomion consecutivum seu intermedium.'11 Both

openings together are for him simply differentiations of the primitive

" blastostome." This blastostome, or the blastopore, as it is usually

called, of the Bilateralia, whether round or drawn out into a cleft by a

process of growth in length, or of concrescence, I have elsewhere 25 dis-

tinguished as the archistome.

(2) Later development.—The more advanced stages of the cod embryo,

though studied by Sars and others, have never been correctly figured

by any one because of the fact that a very large vesicle on the upper

side of the head has been entirely overlooked, probably because of the

extreme transparency of this portion of the young fish. In my first

paper on the development of the cod (Contrib. Embryog. Oss. Fishes,

pis. xi and xii), figs. 45 and 49, which are side views of embryos,

figured ten and seven days after hatching, give the erroneous impres-

sion that the median fin-fold extends quite forward between the nasal

23 Eauber. Die Lage der Keimpforte. Zoolog. Anzeiger, ii, 1879, pp. 499-503.

24 Kyder. On the position of the yelk-blastopore as determined by the size of the

vitellus. Am. Naturalist, April, 1885, pp. 411-415.
25 Eyder. The Arcbiatome Theory. Am. Naturalist, Nov., 1885, pp. 1115-1121.
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pits. The same would also be inferred from another figure representing

an advanced larval cod, published in a later paper 26 by the writer.

The true state of the case is as follows, as may be gathered from figs.

1 and 2, plate i : The true median dorsal fin-fold only extends as such

forwards as far as to about or slightly behind a vertical line passing

through the base ofthe pectoral. The larval integument continuous with

the median dorsal fin-fold and covering the brain and fore part of the

spinal cord is not prolonged forwards as a flat duplicature or fold, but

is distended as an oblong vesicle and filled with a serous fluid, as shown

from the side m fig. 1 and from the front in fig. 2.

Immediately after hatching, this sinus or space between the integu-

ment and the brain is small, as may be observed in fig. 40, plate ix,

of my first paper, but in about one day after hatching it begins to be

obvious that the integument, over the brain and as far back as to the

vertical from the end of the intestine, is being lifted up and becoming

filled with fluid. This proceeds until at the end of a week or ten days

the larval cod, when viewed from the side or front, presents a most sin-

gular resemblance to the conventional dolphins of the ancient sculptors.

The rounded and swollen front and top of the head is in marked con-

trast with the majority of pelagic fish larvae.

That the integument is actually lifted up from the underlying struct-

ures is shown by the fact that the long efferent branches of the vagus

group of nerves which pass outward to button-like thickenings of the

epiblast armed externally with stiff protoplasmic hair-like processes,

may be traced through the wide space between the integument and the

brain when the embryo is examined by transmitted light. Three pairs

of such segmental sense organs or neuromasts (Wright) are found in

the walls of the large integumentary vesicle overlying the head and

body of the young cod. These organs are disposed quite symmetrically

on the fore part of the body, but posteriorly they are not symmetrically

disposed on the sides of the tail, as may be seen by referring to plate

x, fig. 42, Embryog., Oss. Fishes. Agassiz and Whitman, in their last

memoir (Pelagic stages of young fishes), also figure and describe larval

fishes in which there was more or less asymmetry noticeable in the ar-

rangement of the caudal neuromasts.

The great anterior dorsal integumentary vesicle of the larval cod is

gradually developed after hatching, and appears to increase in size as

the yelk sack diminishes and becomes empty. I first noticed and

described what is obviously homologous with this vesicle, which is

so exaggerated in dimensions in the larval cod, in 1881, in the Span-

ish mackerel, as may be learned if the reader will consult plates iii

and iv, figs. 14, 15, 16, and 17, illustrating my paper on the develop-

ment of that species (Bull. U. S. Fish Com., i, 1881, p. 157), where it is

also stated that it is developed after hatching, as is shown by the con-

26 Ryder. An outline of a theory of the development of the unpaired fins of fishes,

Am. Naturalist, Jan., 1885, pp, 90-97, fig. 3.
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dition of the vesicle in a larva just hatched and figured on plate ii of

the paper cited. At that time I named the space in the supracephalic

vesicle of the Spanish mackerel, the " supracephalic sinus." Now. while

it is clear that this sinus is the houiologue of the ranch larger one in the

larvae of Gadus, it is also clear that in the latter it extends not alone

over the brain as in Scomberomorus, but even back dorsally beyond the

hinder limits of the body cavity.

I have good reasons for believing that a sinus of the same character

overlies the brain in a number of the species figured by A. Agassiz and

his associate Whitman as well as in the Lirvse of Trachinus and Motella

figured by Brook. In fact, I doubt if the structure represented in advance

of the first developed dorsal fin-ray on the head of the larva of Lophivs

by A. Agassiz 27
is a fin -fold at all, but merely the integumentary vesicle

or bulla described above, though the contrary is expressly stated on

page 282 of the memoir last cited. A still more remarkable instance of

the extension apparently backward and laterally of what I have called

the "supracephalic sinus" is represented however by Agassiz and Whit-

man on plate xii, figs. 7 and 8, of their recent memoir (Pelagic stages

of young fishes, part I, 4to, 1885). In this form the sinus has been ex-

tended back for two thirds of the length of the larva and also over the

sides of the head. The form in question is supposed by its describers

to be near Motella.

It is therefore probable, taking into account the facts recited above,

that the true, median, dorsal fin-fold is never extended as far forward

as the front of the head, as J had assumed in my paper cited above on

the development of the median fins, but that such an apparent anterior

dorsal extension of the fin-fold is due to the illusion produced by the

extreme transparency of the integument of the dorsal vesicle or bulla

just described, the presence of which is not easily made out until the

living embryo is viewed from in front. The true median fin-fold in the

larvae of Gadus is therefore but little longer proportionally than that of

other types of larvae which are without a supracephalic bulla. The
archaic extension of the fin folds in fishes therefore, it seems, must have

been about the same as that generally prevalent to-day in young larvae,

or an extension of the fin-folds which is most nearly approximated by
such adult forms as the Dipnoi.

The contents of the bulla or sinus have been but little studied, but it

is probable, judging from certain observations upon the contents of the

fin-folds of larval fishes by Emery, 28 that this bulla in Gadus contains

coagulable albumen. I have found such a coagulum Li the fin-folds of

hardened embryos of Clupea. And in embryos of Scomberomorus I found

loose granular matter in the sinus on the top of the head and fin-folds.

27 A. Agassiz. On the young stages of osseous fishes. Part iii, Proc. Am. Acad.

Arts and Sci., xvii, 1882, pis. xvi, xvii.

28 Emery. Sulla existenza del eosidetoo tessuto di secretioiie nei vertebrati. Atti

E. Acad. Sci., Torino, xviii, 1883.

S. Mis. 70 32
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In larvae of Gadus hardened in chromic acid there seems to be such a

coagulum existing in the dorsal bulla already fully described. This

bulla therefore partakes of the nature of a lymph-space.

(3) Changes ofposition of the cod's egg and embryo during development.—
The germinal disk of the cod's egg, like that of the ova of most Teleos-

teans, is developed at the time of impregnation. The single spermato-

zoon necessary to effect impregnation and initiate developement enters

the egg through a minute round pore in the egg-membrane or zona

radiata, known as the micropyle. But one such opening is found in the

egg of the cod, and I believe that reliable authorities concur in the be-

lief that there is but one such opening in the membrane which invests

the ovum of Teleosts.

The male element can therefore enter the ovum at one point only,

and, inasmuch as the superficial cortical layer at the time of impregna-

tion, and from which the blastodisk or germ is developed, lies in imme-

diate contact with the egg-membrane or zona, the point of contact be

tween the egg and spermatozoon is also limited by the area on the ovum
covered by the micropyle. That area is excessively small. The polar

cells in the cod's egg are also extruded immediately beneath the micro-

pyle and invariably in very close relation to it. Furthermore, the active

plasma of the egg gravitates towards the point where the spermatozoon

entered the egg, and the greater part thus accumulates in the vicinity

of the micropyle, as shown in fig. 3, pi. i, where the polar cells joining

the egg to its membrane are also indicated. I never saw any polar

globules expelled through the micropyle. *

As soon as the blastodisk becomes apparent as a thickening or ag-

gregation of the substance of the cortical layer it assumes an inferior

position, because the specific gravity of the plasma of the disk is greater

than the same volume of yelk, the whole of which now occupies the

upper pole of the egg. Later still, when the disk D, fig. 4, is better

defined, the force of gravity, still acting in the direction of the arrow,

which points toward the micropyle, constantly keeps the disk in an in-

ferior position, which is maintained until the blastodisk begins to

spread and the embryo to be formed. When the blastodisk or the

blastoderm, as it may now be more appropriately called, has spread

over one-half of the vitelline globe, as shown in fig. 5, the embryo is

pretty well defined at one side of the blastoderm, and extends from its

margin to its center. This causes the blastoderm to become heavier

at the side upon which the embryo is formed, and, as a consequence,

the whole egg is slightly rotated upon its own center so that a radius

drawn from the latter to the center of the original site of the blastodisk

of an earlier stage will be inclined to the horizon at an angle of 45°.

&.s development proceeds still further the embryo of course lengthens

as the blastoderm spreads, till finally the embryo embraces an arc of

180° on the yelk-globe. As a result of this the radius passing from

the center of the egg to the original site of the center of the blastodisk
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is swung round still farther, so that the total rotation of the egg now
amounts to about 90°, as a comparison of fig. 6 with fig. 4 will show, as

indicated by the arrows.

Further changes of the position of embryo in the egg as development

advances are hard to follow, but these are the principal and most strik-

ing ones. When hatching takes place the vitellus is always so much
lighter than the embryo that the latter floats about in the water on its

back. In the course of a day or so the embryo is able to right itself.

The next change in the position of the free embryo, when at rest in

the water, occurs some days after hatching and seems to result from

the development of the great bulla already described and which is grad-

ually developed on the head and over the upper part of the body. When
larvae of a few days old swim they are inclined to move the body for-

ward horizontally in a right line, but as soon as they come to rest the

tail drops down into an inclined position, and forms an angle of about
45° with the horizon. This was so constantly observed to be true of

advanced embryos that I have inferred that the bulla developed on the

head caused the latter to be buoyed up, just as the less advanced
embryo is buoyed by the yelk before its absorption. This seemed all the

more probable from the fact that the very rudimentary air-bladder in

larvae of that age does not as yet appear to contain air.

The function of the integumentary bulla on the head, therefore, seems

to be, in part at least, to serve as an organ aiding in the flotation of the

embryo. This seems all the more probable from the strongly marked
pelagic tendencies manifested by the eggs and larvae of the cod at all

stages in sea-water of normal specific gravity or in water having a

density of 1.025.

(4) The most recent and successful method of hatching cod and other pe-

lagic eggs.—I will here reproduce in part what I have already published

elsewhere. 29

For four seasons experiments have been carried on for the purpose of

discovering a practical method of hatching the eggs of the cod—one of

the most fertile and valuable of the food-fishes found off our coast.

During the period mentioned no less than forty forms of apparatus have
been devised and operated, with varying success, by different persons

connected with the work of the U. S. Fish Commission. Up to the

present time no device has fulfilled the required conditions, even ap-

proximately, with such success as the apparatus just devised by H. C.

Chester, superintendent of the Wood's Holl station of the Commission.

This apparatus is essentially automatic, and needs so little attention

that one man will by its aid readily care for a hundred millions of eggs.

It consists of a trough, 7 feet 6 inches in length, 2 feet in width, and 2

feet 4 inches in depth. At about 1 foot from either end, vertical wooden
partitions, extending to within 4 inches of the bottom of the trough,

29 Eyder. Success in hatching the eggs of the cod. Science, vii, 1886, No. 153, pp.
26-28. Also, Hatching codfish eggs. Forest and Stream, xxv, No. 25, Jan. 14, 1886,

p. 488.
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are secured. This leaves a space about 5 feet 6 iuches in length between

the partitions. In this space 6 or 8 large glass jars are supported upon
a frame, with their tops downward. Those used for the purpose at

Wood's Holl are ordinary cylindrical, four-gallon specimen jars, with a

half-inch hole drilled in the bottom. The stoppers of the jars are re-

moved, and a single thickness of coarse cheese-cloth is secured over the

mouth with strong twine. The jar is then inverted and lowered into

trough, so that its bottom is about even with the top of the trough.

Strips nailed across the top of the trough serve to keep the jars upright.

The accompanying figure, showing the device in longitudinal vertical

section, modified and designed on a somewhat smaller scale than £he de-

vice now in use and accommodating only four jars (two in a row), will en-

able the reader to get a clear conception of the way in which the appa-

ratus is used. The trough A is filled with unfiltered sea-water through

the faucet i, the water rising to the level of the line a before the capa-

cious outlet siphon s begins to operate. This siphon, through which

the water runs out of the trough faster than it comes in at i, soon brings

the water down to the level of the line &, when the siphon takes in air and
ceases to operate, after which the trough again slowly fills up with water

to the level of the line a. This process is repeated automatically, and
as long as the water is permitted to flow through the device. It requires

ten minutes for the water to rise or fall from the one level to the other;

and, since the jars have only a cloth tied over the mouth below, the

water rises and falls to the same extent in them. This very slow and

gentle rise and fall of the water in the jars and trough has been found

sufficient to aerate the eggs and give them all the movement they need.

All of the good eggs in this contrivance float at the surface; some,

during the latter stages of hatching, will fall below the surface, but if

such ova are washed, they will again rise to the surface, and an exceed-

ingly small percentage of the eggs ever sink and die, as in almost all

of the other forms of apparatus hitherto used. The result is that the

mortality is probably under 5 per cent—a percentage of loss not greater

than that experienced in the most successful treatment of shad ova in

-

the McDonald jar.

The freshly fertilized ova, treated with an abundance of good milt,

are introduced into the hatching device through the hole in the center
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of the bottom of each jar by means of a glass funnel. Beyond au occa

sional siphoning-off of the sediment on the bottom of the trough and

the cloth covers of the jars, the eggs require no attention until hatched.

Heretofore great mortality has been caused by the use of metal in the

construction of hatching vessels and strainers. Since the adoption of

glass, wood, and cloth as the only materials used in the construction of

the hatching apparatus here described, combined with the very gentle

movement to which the eggs are subjected, complete success has been

attained. The eggs are caused to oscillate up and down through a

space of only 5 inches from the level of a to that of b, and, withal, so

gently that they suffer no hurtful shocks of any kind whatever. Cap-

tain Chester's device will doubtless be used with great advantage in the

propagation of the Spanish mackerel. In twenty-four hours the em-

bryos of the latter would be ready to be set free from the apparatus;

whereas it requires eleven or twelve days to hatch the eggs of the cod,

with the temperature of the water ranging from 45° to 48° Fahr.

Each of the jars J is 17 inches high by 9 inches in diameter, and will

hold from one-half to one million of cod eggs ; so that an apparatus of

the style shown above, and occupying not much over a square yard of

space, would accommodate from two to four millions of ova, in four

jars.

These results and experiments show that violent movement of the

eggs of the cod is of no advantage; that such movement is, on the con-

trary, injurious if not mortal when continuously maintained. The
requisite conditions for the successful hatching of this important food-

fish having been settled, the great station of the Fish Commission at

Wood's Holl affords unlimited opportunities for conducting the work
for at least three months of the year, during which time from five hun-

dred to one thousand millions of eggs might readily be hatched out by
the aid of the Chester apparatus and set free in the adjacent waters.

The proper specific gravity of the sea-water has a great deal to do

with the healthy development of the eggs of the cod. By accident a

broken valve admitted fresh water to the pumps which supplied our

salt-water tanks, causing the specific gravity of the water to fall from

1.0256 to 1.021 or 1.022. In the latter densities the eggs immediately

sank, but rose at once if placed in sea-water of the specific gravity first

mentioned. The break in the valve through which fresh water was

added to that which was pumped from the harbor for use in our hatch-

ing troughs, caused us to lose over two millions of good eggs. After

this unfortunate experience, and also judging from the fact that ever

since the break in the valve has been mended no eggs have sunk or

subsided to the bottom, we have concluded that the cod egg, in order

that it may develop normally, must float at or near the surface. Under
no other conditions does it seem possible to get them to develop regu-

larly and without serious losses.

It was also found in the course of subsequent experience that the

constant flow of cold water around the jars immersed in the troughs
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tended to keep the temperature in the latter constant, so that all the

eggs developed at the same rate. In other apparatus devised in imita-

tion of Chester's device, but in which the hatching vessel was not sur-

rounded by a constant supply of fresh, cold sea-water, irregularities of

development were often very pronounced. This seemed to be due to

the unequal temperature of the water at the sides and center of the

vessel, owing to radiation from the atmosphere of the room. In these

other forms of apparatus, development seemed to proceed normally

until within a day or two of hatching, when the eggs would suddenly

sink and die.

(5) The post-larval stages of development of the cod.—I have not seen

any of the more advanced stages ; none older in fact than about ten

days after hatching. A. Agassiz30 has figured two stages believed to

appertain to the common cod. These show the chin barbel and the

ventral fins developed, neither of which were yet developed in the old-

est stages seen by me. These specimens measured respectively 20

and 28mm in length, or from four to five times as long as the oldest speci-

mens I have seen, so that there still remains a large gap to be filled up
in the iconography of the stages of development of this species.

II.—Eoccus lineatus (Bloch) Gill. (The Striped Bass, or Boclcfish.)

The artificial fertilization of the eggs of the striped bass was, I be-

lieve, first accomplished by Mr. E. H. Walke, of the Dnited States Fish

Commission, in 1879, and in 1881 Mr. S. G. Worth31 reported his suc-

cess of the previous year in the artificial fertilization of the eggs of this

species. The species is very fertile; a single female was estimated by

Mr. Worth to have contained 3,000,000 eggs in her roes. Spawning
and hatching appear to occur in fresh water, and according to Mr.

Worth the eggs are of less specific gravity than those of the shad, ex-

tremely transparent or pellucid when in the water, and measuring nearly

one-seventh of an inch in diameter after impregnation, when the zona

radiata becomes greatly distended and freed from contact with the vi-

tellus. The freshly extended ova were found to be smaller than those

of the shad, and the vitellus was of a decidedly greenish color. From
the foregoing data it may be assumed that there exists in the egg of this

species, as in that of the shad, a very spacious " breathing chamber,"

or water space, developed between the vitellus and zona at the time of

impregnation, in consequence of the distension of the latter with water

taken in through the pore-canals. At a temperature of 66° to 67° Fahr.

hatching began at the end of 48 hours.

The foregoing information is derived from the paper by Mr. Worth,

i.nd, as there can be no doubt of the fact that the eggs taken were those

of the striped bass, we must suppose, if the young fish identified by A.

30 A. Agassiz. On the young stages of osseous fishes, part iii. Proc. Am. Acad. Arts

and Sci., xvii, 1882, pi. viii, figs. 4 and 5, p. 296.

31 S. G. Worth. The artificial propagation of the striped hass (lloccus lineatua) on

Albemarle Sound. Bull. U. S. Fish. Com.,i, 1881, pp. 174-177.
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Agassiz really were of the same species, that the development of its ova
occurs in fresh as well as in sea-water. The larva? captured and figured

by Agassiz, 32 though it is nowhere specifically im-

plied that these young fishes were not taken from

fresh water, were probably captured in salt water,

as were most of the forms figured by him. Speci-

mens in my possession of young striped bass one

day old, hatched from ova fertilized with the milt

of the white perch, Eoccus americanus (Gmel.) J.

and G., measure 3.5mm in length, or the same as

the youngest stage figured by Agassiz, but the

jaws and mouth are not nearly as well develoj)ed

and the intestine is relatively much longer, nor

are the median fin-folds as wide. The intestine

also in this youngest stage extends backward be-

yond the yelk-sack for a distance equal to half

the length of the latter before it reaches the edge

of the ventral fin-fold to terminate at the anus.

These differences lead me to think that the larval

fishes figured by Mr. Agassiz as pertaining to the

species here under consideration, must belong to

another form, as none of his figures can be rec- ,

onciled with those taken from larvae of the striped J

bass, the parentage of which is undoubted. In

this opinion I am most conclusively confirmed by
a drawing which has fallen iuto my hands, by the

late Prof. Henry J. Rice, the figure in question

being drawn from a larval bass in May, 1879, on

the sixteenth day after hatching, and which had
been reared from a lot of eggs which were artifici-

ally impregnated. This drawing, which is repro-

duced here, fig. 7, was taken from a young fish

measuring 5 n,m in length, and disagrees in many
important respects from a young fish of the same
length and represented in fig. 3, plate i, in the

paper by Agassiz already cited. The figure by
Rice shows the tail of the young striped bass to

be distinctly spatulate and rounded, and not

tapering and rather acutely rounded, as figured

by Agassiz. In Rice's figure the anus is situated

at a poiut very nearly midway between the tip ot

the snout and the eud of the tail; in the figure

of the same stage given by Agassiz the vent opens

at a point on the ventral border far in advance of

a point situated midway between the end of the snout and that of the

f
-Am 11\

a
I V\V

3-A. Agassiz. On the young stages of osseous fishes.

Arts and Sci., xvii, 188*2, pp. 274-275, pi. i.

Part iii, Proc. Aui. Acad.
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tail: Very pronounced hooked teeth are shown in both jaws in Rice's

figure, and the air-bladder is developed relatively farther back than is

shown in the figures given by Agassiz. The earlier stages which I have

seen of undoubted embryos of Roccus lineatus are likewise more slender

than those figured by Agassiz, and this point is also confirmed by the

later stage figured by Rice.

HYBRIDIZATION OF THE STRIPED BASS WITH OTHER FISHES.

It is rather extraordinary that the striped bass should so readily lend

itself to the purpose of cross-fertilization with other closely allied spe-

cies, such as the white and yellow perch, but it is still more astonishing

that it should be possible to cross this species with another belonging

not simply to a different family, but even to a widely different order

and sub-class. That the eggs of the shad (Chipea sapidissima) might

be fertilized with the milt from the male striped bass seems almost in-

credible, yet it seems that the evidence showing that the eggs of a

physostomous form may be fertilized by the milt from a physoclistous

acanthopterygian is incontestable, and that the eggs of the latter type

may even be fertilized with milt taken from the first-mentioned type.

The shad and striped bass therefore appear to be fertile inter se, as the

following evidence seems to prove.

That the shad ovum may be fertilized with the milt of the striped

bass seems to be established by the evidence presented in a paper 33 by
the writer published in 1883, from which I quote as follows

:

A number of young fish which had already lost their yelk-sacks, in

consequence of which it is to be supposed that they were already several

days old, were received from Havre de Grace, Md., at the central

station on the evening of June 13, 1882. They were immediately placed

in an aquarium, but all of them died in a day or two after save about

fifty, which were transferred by the writer to one of the smaller of the

carp ponds in charge of Dr. Rudolph Hessel, where, as Professor Baird

had suggested, they might possibly find some food suited to their wants

and grow large enough for us to learn something of their future history.

The case is an extraordinary one, as the possibility of interbreeding

members of such very distinct families as the Clupeoids and rercoids,

unless the impregnation was performed under the very eyes of the nat-

uralist, might well be doubted by those familiar with the recorded facts

which have generally been considered to prove that fertile interbreed-

ing even between different genera was out of the question. The evi-

dence in favor of the fact in this case is, however, too strong to be

passed over, and until we know more of the later history of this singu-

lar hybrid, the following notes on the differences which were presented

by the embryos in question when compared with those of the true shad

33 Ryder. Notice of an extraordinary hybrid between the shad and striped bass.

Bull. U.S. Fish Com., ii, 1882, p. 187.
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must suffice. The striped bass was the male and the shad the female

parent in this case.

Teeth more numerous and more recurved in the lower jaw; at least

three pairs present; only two pairs in the larva 1 of i be shad of the same

age. Lower jaw longer, with the gape of the mouth much wider; ear

capsule proportionally much larger than in shad larvae of same age,

and pigment and fine radii of fins slightly more developed than in the

latter. Intestine much more slender, that is, its lumen is much less

spacious than in larvae of Clupea. Liver in about the same position as

in larval Clupea, but gall-bladder and eye relatively and perceptibly

larger ; Meckel's cartilage a fourth longer. General form that of the

larval shad, but head more prolonged and acuminate anteriorly. The

preponderance of characters appears to be those of the female parent,

and these larvae appear to be undoubted hybrids. The eggs were taken

by some of the crew of the steamer Fish Hawk at Havre de Grace,

and were impregnated with the milt of the striped bass, because no

ripe male shad happened to be at hand.

The head of this singular hybrid, represented by fig. 11, plate ii, may

be compared with fig. 7, representing an advanced larva of tin* striped

bass, also with the figures of the larvae of the shad, shown on plate xxii.

Since the foregoing appeared Mr. E. B. Eoosevelt has published a

a paper 34 on hybridism between the striped bass and shad, in which

the former was the female and the latter the male parent. No speci-

mens of these larvae appear to have been preserved so that all the in-

formation I can give in this instance is to quote Mr. Roosevelt's remarks

on the subject as follows

:

"A ripe female striped bass or rockfish, Labr.ax linealus, being (taught

in the nets during the course of operation of
#
the shad hatchery on the

Hudson River, and there being no male bass to be obtained, the eggs

were takeu and brought into contact with the milt ol the male shad,

Alosa sapidissima. Then these eggs were placed iu a box entirely by

themselves, and every precaution was taken to make the experiment

perfect. The eggs hatched; of that there is no question, but whether

the product was the result of that impregnation or whether it was

reached by the chance contact with floating seminal animalcules from

bass, or whether the young lived after they were hatched, may be re-

garded as still open for consideration. As there was no possibility of

keeping the fry in confinement the experiment goes no farther than

opening the field of study and research."

III.

—

Clupea vernalis Mitch. {The Alewife or Branch Herring;

Gaspereau.)

This Clupeoid is anadromous and lays its eggs in adherent masses;

the zona is much thicker than that of the egg of 0. sapidissima. The

;I4 R. B. Roosevelt. . Fertility in hybridization. Proc. Am. Ass. Adv. Sei., sxxiii,

1885, pp. 510-515.
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egg of this species is also very much smaller than that of the shad, and

as the zona invests the vitellns or embryo quite closely, there is no

spacious breathing chamber developed at the time of impregnation, as

in the egg of the shad.

Fig. 8, plate ii, represents a larval Glupea vernalis on the second day

after hatching, when it measures very nearly 5mm in length. It is ex-

tremely transparent, the only ornamentation with pigment spots is a

row of small ones on either side of the tail, on a level with the lower

side of the intestine. The yelk is very clear and does not contain any
oil drops. The liver is produced as a nearly solid, elongated outgrowth

from the inferior side of the intestine and behind the yelk sack, in the

same position as in Glupea sapidissima. The liver is represented in the

figure by the long black patch behind the yelk sack. It will also be

noticed that the intestine terminates very far back, as it does in fact

in most Clupeoids.35

IV.

—

Idus melanotus. {The Golden Ide.)

The ova of this beautiful cyprinoid are adhesive, and, like those of

the gold-fish, are usually found to adhere singly to the water-plants

amongst which the parent fishes spawn. The zona radiata is rather

thick, and there is but little space between it; and the vitellns.

The young golden ide when it leaves the egg measures 6.6'mu in length.

Its form at that time is shown in fig. 9, plate ii. The Cuvierian ducts

embrace the anterior end of the yelk, which is composed of small

spherical refringent granules. The yelk sack is much prolonged, and
extends from the cardiac region nearly to the vent, tapering slightly

as it is prolonged backwards. As in cyprinoids generally, there is a
complete circulation at the«tiine of hatching, which is not the case with

the embryos of several clupeoids and many forms having pelagic eggs.

The figures given by Von Baer of the embryos of other forms of cypri-

noids also show the yelk-sack to be elongated. (See his Untersuchungen
fiber die Entwickelungsgeschichte der Fische, 4to, Leipzig, 1835.)

V.—Caeassitjs auratus. {The Gold-fish.)

The ova of the common gold-fish are laid singly upon weeds and other

fixed objects in the water. They measure about 1.5mm in diameter, and
develop with comparative rapidity, hatching in 8 or 9 days after fertil-

ization. Three of the earlier stages of the development of this form

are shown in figs. 16, 17, and 18, plate iii. The yelk is quite gran-

ular and similar to that of Idus and Leuciscus (Van Bambeke30
), and the

embryonic axis embraces almost the entire circumference of the vitellus,

36 Filippo cle Filippi. Nouvelles reclierches sur l'euibryogenie des Poissous, Aim. des

Sci. Nat, 3,ne Ser. Zool., vii, 1847, pp. 65-72, 1 plate. (Figures the larva of Clupea finta. )

36 Van Bambeke. Reclierches sur l'embryologie des Poissons Osseux. Mem. Coiir.

de l'Acad. ray. de Belgique, XL, 1875, PI. II.
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so that the blastopore closes beyond a point opposite the original site

of the blastodisk, as also happens in Leuciscus. The vesicle of Kupffer

is well developed just under the caudal end of the embryo, as may be

seen by referring to tigs. 18 and 18.

A more advanced embryo is represented in fig. 10, plate ii, measur-

ing 5.75mm in length, at five and a half days old. The ornamentation

of pigment spots is quite elaborate at this stage. The yelk is elongated

and fusiform, and its anterior end is embraced by the Cuvierian ducts.

Just behind the urinary bladder the caudal vein is dilated and forms a

fusiform sinus. It is then continued forward over the yelk, upon the

dorsal surface of which it breaks up into a coarse vascular network.

For many weeks after hatching the young gold-fish does not develop

any red or bluish-black pigment cells in the skin. When these are de-

veloped, which occurs after the fish is an inch or more in length, it is

probable that the fish is approaching adolescence, as it has been found

that this species reproduces when still comparatively small.

VI.

—

Elacate Canada (Linn.) Gill. (The Crab-eater.)

The ova of this species are very well characterized. They are pelagic,

in salt water having a density of 1.020. A large and refringent oil

globule is imbedded in the yelk at a point nearly opposite the site of

the blastodisk and at the upper pole of the egg. The blastodisk is

directed downward, like that of most pelagic fish ova. The egg measures

about 1.25mm in diameter and the yelk is broken up into a few very large

irregular masses of deutoplasm, separated by thin films or processes of

the cortical layer of protoplasm, as is indicated by the network of dot-

ted lines in figs. 13 and 14, plate iii. This subdivision of the vitellus

by thin sheets of plasma running into thfe yelk-substance is apparent

even in the yelk-sack of the young fish after it is hatched.

The changes undergone by the developing blastodisk for the first

four hours are quite complex. The development is quite rapid, and

hatching takes place in about 36 hours after impregnation. A broad

zone of marginal cells are segmented off from the margin of the blasto-

disk, and the margin of the latter is rapidly inflected. The growth of

the blastoderm is quite rapid, the entire vitellus being included and

covered over by the epibolic growth of the blastoderm in about eight

hours.

As I have already referred to the very remarkable phenomena ob-

served by me just previous to the closure of the blastoderm in this

species, and not being likely soon again to have an opportunity to study

the same form, I will now describe and figure what was then observed

in a number of ova, from which I infer that the peculiarity about to be

described is characteristic of the development of this form.

Fig. 13, plate iii, represents the embryo formed and lying on the

surface of the vitellus, and is shown as if foreshortened ; anteriorly the

optic lobes op, on the other side of the vitellus, show through the trans-
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parent surface of the latter. The embryonic axis shows the segments

or somites m, distinctly developed, but it is very remarkable that the

segmentation does not end at the point where the axis of the embryo,

thus far developed, ends. The right and left limbs of the blastodermic

rim, or lips of the blastopore, form a A-shaped mass, together with the

embryonic batly anteriorly; but, unlike any other normal Teleostean

embryo, both the diverging limbs of the rim of the blastoderm show
distinct indications of metameric segmentation at m, and behind the

point where concrescence has already taken place.

Just within the yelk and a little in front of the yelk blastopore, which

runs forward into the acute angle formed by the limbs of the blasto-

dermic rim br, lies the large oil-drop o. A lozenge shaped mass of cells

lies in the acute angle of the A shaped terminal part of the embryo,

which appears to contain or overlie Kupffer's vesicle, Jcv, and what was

assumed to be the posterior end of the chorda ch at the time the draw-

ing was made; but of the certainty of this determination I am not at

present satisfied. I was enabled to sketch this and a slightly more ad-

vanced stage several times, and, as already stated, I found the same
condition of things present in a number of embryos, which appeared to

be developing normally. Four other sketches show that the blasto-

derm fiually closes very much as in other Teleostean embryos, and that

pronounced wrinkles radiate from the crater like opening upon the yelk

where the yelk-blastopore finally closes.

The conclusions of His and Rauber, to the effect that the embryonic

axis is formed by the gradual fusion from before backwards of the edges

or lips of the yelk blastopore as it advances over the surface of the vitel-

line globe, are completely and emphatically confirmed in the case of

this species. It must be admitted, however, that the presence of the

cellular mass between the limbs of the blastodermic rim where they

join the anterior portion of the embryonic body is not a little puzzling.

This species I was enabled to study, through the kind help of Col. M.

McDonald and Mr. W. P. Sauerhoff, at Cherrystone, Va.. during the

first week of August, 1SS1.

VII.—Siphostoma fuscum (Storer) J. & G. (Common Pipe-fish.)

The earliest noteworthy observations upon the development of any
species allied to the one here considered, which I have been able to find,

were recorded by liatkke. 37 The embryos of a species called Syngnaihus

argentatus is figured on plate v of Eathke's memoir, and he shows the

gill clefts exposed or uncovered in the young, a condition not observed

by later authors. The next memoir in historical order is by A. de

Quatrefages, and deals with another species, probably another genus, in

which the eggs are not covered by lateral folds extending down from

37 H. Rathke. Zur morphologic; Reisbemerkuugen aus Taurien. 4 to, pp. 192,

pin. 5, Riga and Leipzig, 1837.
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the sides of the body. The memoir of de Quatrefages 38
is, however,

very superficial, for the courses and distribution of the blood-vessels in

the embryo are drawn altogether diagranimatically and with the help

of the imagination of the artist. The next paper 39 published was by the

writer, in which some of the stages of development of Siphostomafuscum

were discussed and described. About two years later Dr. J. P. McMur-
rich took up the study of the development of this species and published

a memoir 40 which is valuable for the information it affords as to the

ontogeny of the cranial skeleton.

The eggs of Siphostoma are developed under a pair of integumentary

folds placed behind the vent, forming a brood-pouch, which is devel-

oped on the under side of the tail of the female. The ova are small,

measuring only about 0.75mm in diameter. They are embedded in a

viscid mucus contained within the pouch alluded to. A blastodisk is

evidently formed in the usual way. The yelk is clear lemon-yellow in

color, and its outer stratum contains small, numerous deeper yellow

oil drops, the distribution of which is shown in fig. 20, plate iv. The
presence of Kupffer's vesicle was not made out at this stage.

The next stage of development, which was observed in the eggs taken

from the brood-pouch of another male, is represented in fig. 19, when the

embryo, after being freed from the egg, measured very nearly 3mra in

length. This is a considerably earlier stage than that represented by

fig. 1, pi. xlii, in McMurrich's paper, as the fold indicating the commence-

ment of the formation of the caudal fin is not yet present in fig. 19. The
median aorta and caudal artery extend almost to the end of the tail,

where it is continued into the recurrent cava and the subintestinal vein

which return the blood to the heart. As soon as the subintestinal vein

reaches the posterior pole of the yelk it bends down and traverses its

posterior median and anterior face towards the heart, the venous end of

which rests upon the yelk. The branchial arches are formed, though

there are no branchial filaments yet developed. The pectoral fin-fold is

already present as a low lobular process just behind the auditory capsule.

The dorsal fin is just becoming clearly evident as a low median fold be-

hind the vent. There is as yet no trace of an anal fin fold visible. The

oil drops have a more general distribution over the yelk than in flu. 20;

the head is much flexed downward, and the brain is very conspicuous,

in passing I wrould state that in McMurrich's fig. 1 the mid-brain is

identified by mistake with the cerebellum, the cerebellum is confounded

with the pineal gland, while the medulla oblongata is erroneously iden-

tified with the mid-brain and medulla oblongata together.

3t, A. de Quatrefages. Memoire sur les embryons des Syngnathes (Syngnathus

ophidion, Linn.), Ann. des Sci. Naturelles, xviii, 2d ser., 1842, pp. 193-212, pis. 2.

39 Ryder. A contribution to the development and morphology of the Lophobranchi-

ates; (Hippocampus antiquorum, the sea-horse). Bull. U. S. Fish Commission, i,

1881, pp. 191-199, pi. xvii.

40 J. P. McMurrich. On the osteology and development of Syngnathus peckianus

(Storer), Quar. Jour. Mio. Sci., xxiii, n. s., pp. 623-650, pie. 2.
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A more advanced stage is shown in fig. 21, plate iv, measuring about

3.5mm in length. The pectoral fin at this stage has already partially

rotated on its base. The dorsal fin is more developed, while the tail

begins to show signs of the development of the permanent rays from

the coalescence of the embryonic rays or actinotrichia. The circulation

is more developed and the blood may be seen circulating through the

gill arches, but there are still no filaments formed. A more enlarged

view of the head of this stage is shown in fig. 12, plate iii, where the four

gill arches are more clearly indicated.

I must here take exception to certain of McMurrich's statements in

his paper already cited in reference to the development of the fins. He
says (p. 648) : " In the young stages an anal is present, which, how-

ever, does not pass beyond the stage in which fibrillation [development

of actrinotrichia] begins, but aborts and is entirely wanting in the

adult." This is an error, because a careful inspection of the adults of

both sexes of Siphostoma fuscum, apparently the same species as was

used in his studies, reveals a small but undoubted anal fin just behind

the vent. The erector and depressor muscles are also not attached to

the oval cartilaginous nodules at the bases of the fin-rays, as stated by

McMurrich, but to the bases of the fin-rays themselves. This author's

statement that the tail of Siphostoma is heterocercal at first is not borne

out either by the method of development of the tails of fishes generally,

or by the evidence supplied by figs. 19 and 20 of this species here given

;

these two stages just referred to being really much younger than any

figured by McMurrich, and they serve to show that the young of Siphos-

toma pass through what I have called an archicercal stage.

A very curious and interesting morphological fact is revealed by a

study of the development of the Lophobranchii, namely, the manner in

which the neural arches are duplicated several times on each vertebral

centrum. The proximal parts of the parallel cartilaginous bars sup-

porting the rays of the dorsal fin in Hippocampus and Siphostoma afford

the basis for the ossification of about five neural arches to a single cen-

trum in the region of the dorsal fin. And, since the more anterior and

posterior vertebrae also have a number of dorsal arches, it is probable

that the cartilaginous rudiments of such arches are also duplicated in

those regions in an analogous manner, but at a somewhat later stage of

development. This peculiar method of development and duplication of

the neural arches will very probably serve to distinguish the Lopho-

branchiates from other families of fishes.

In plate xvii of my first paper on the Lophobranchiates, cited above,

I fell into an error in the identification of the cranial cartilages of Hip-

pocampus, as pointed out by McMurrich. In the skull, figured on the

plate indicated, the names of several cartilaginous elements must be

changed. The unpaired element sy, given as " symplectic," must be re-

garded as geniohyoid, the "element x" is the quadrate and pterygoid,

while a is not "labial," but pterygopalatine and not "ethino palatine,"
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as it is identified by McMurrich. The element q, given as "quadrate,"

must be regarded as the symplectic portion of the hyomandibular bar.

VIII.

—

Monocanthus broccus (Mitch.) Dek. (Fool- or File fish.)

The eggs of this species were obtained by me from adult females capt-

ured in the pound-nets near Cherrystone, Va., about the middle of

July, 1880. The eggs are quite small, and measure not quite .7""n in

diameter. They are very adhesive, and adhere again and again to for-

eign objects if detached. They are pale green in color and have a group

of small refringent oil-drops embedded at one side of the vitellus. An
unimpregnated egg of this species is figured on plate iii, fig. 15. The
lot of eggs to which the one figured belongs was not fertilized, as far

as I am aware, yet the blastodisk was very distinctly developed, as the

figure shows. At the end of about two hours no segmentation was ob-

served.

IX.

—

Apeltes quadracus (Mitch.) Breevoort. (The Four-spined

Stickleback.)

For the opportunity to study the development of this interesting

species 1 am indebted to Mr. W. P. Seal, who supplied me with devel-

oping ova and a pair of spawning adults in April, 1881, and on which

I shortly after published some notes 41 and observations. I kept one

pair of adults which were about to spawn in an aquarium extemporized

for the purpose; the male very industriously completed the spinniug

and weaving of a nest under my observation.

The early stages of development I did not witness, as the first lot of

eggs had the blastoderm already formed and inclosing the vitellus. The
lot of eggs laid by the pair in confinement were unfortunately not fertil-

ized.

The egg-membrane is a true zona radiata, being perforated by numer-

ous pore canals, and is covered by an adhesive material which agglu-

tinates the eggs together into a mass to the number of 15 to 20, the

number deposited at one time by the female. The ova sink to the bot-

tom, and must be taken charge of by the male, as the female, after hav-

ing discharged them, takes no further interest in their fate. The male,

with his mouth, lifts the eggs into the little nest which he has prepared

for their reception.

The egg of the four-spined stickleback measures about a line, or some-

what over 2mm, in diameter, and are of a decidedly dark amber color.

I was not able to make out the position of the micropyle. At one pole

of the egg a large number of flat, button-shaped appendages are at-

tached to the surface of the egg-membrane by means of very short pedi-

cels, and it is in the midst of these that the micropyle is found in the

European species, Gasterosteus leiurus, according to Eansom.
41 Ryder. Notes on the development, spinning' habits, and structure of the four-

spined stickleback, Apeltes quadracus. Bull. U. S. Fish Com,, i, 1831, pp. 24-29,
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There is no germinal disk developed when the egg first leaves the

ovary, and the cortical layer of germinal matter is uniformly distributed

at first over the vitellus, which itself incloses a number of very re-

fringeut oil spheres, very variable in size. It appears that the blasto-

disk in this species may develop without the influence of impregna-

tion, but no true segmentation occurs under such circumstances.

Un the fourth or fifth day after impregnation the primary divisions

of the brain are marked off, one of the most striking characters being

the unusual spaciousness of the cerebral vesicles, the walls of the brain

cavity being relatively thin when compared with those of other forms.

The optic cups soon become quite deep, so that a considerable space

(the vitreous humor) exists at an early period between the floor of the

cup and the lens. The origin of the latter from a thickened induplica-

tion of the epiblast may be very readily traced. Some of these and

other features to be described later, are represented in figs. 22, 23, and

24, plate v. Immediately behind the auditory vesicles, and shortly

after their invagination, the rudiments of the breast fins appear as a

pair of low longitudinal folds. In the stickleback the breast or pectoral

tins develop very rapidly and while the young fish is still in the egg.

Pigment is also rapidly developed on the embryo, as is shown in figs.

25 and 26, plate v, representing the young, 6mm long, of Apeltes when

it quits the egg. During still earlier stages and while still in the egg

pigment is formed so rapidly over the embryo that it soon becomes im-

possible to see the outlines of the viscera through the mantle of crowded

pigment cells ; such is the case with a still older stage represented by

fig. 27, plate vi. About the time of hatching, a second kind of pig-

ment cells, brown in color instead of black, and much larger than the

latter, make their appearance. These brown pigment cells blotch the

embryo symmetrically on the sides and along the median dorsal line,

being confined to sharply circumscribed areas in those regions, as may

be gathered from figs. 25 and 26. The style of pigmentation preva-

lent at the time of hatching foreshadows that of the adult.

The heart appears about the fourth day as a heap of mesoblastic cells

just below the hinder part of the head, and is at first a simple sinus.

It does not begin to pulsate vigorously until the seventh day, when its

pulsations are nearly if not quite 100 per minute. Its venous end rap-

idly elongates until it extends fully the diameter of the body beyond

the right side of the embryo; a large pericardial space is developed be-

low the head at this point for its lodgment; this space dips down deeply

into the amber-colored vitellus. It continues to pulsate from this time

onwards, but there are as yet no blood corpuscles. A wide space now

appears on the right side of the embryo and underneath the latter.

This latter we may consider as a vascular sinus or channel of definite

outline. The floor of this space, as far as I have been able to observe,

seems to consist of the periblast (hypoblast), from which knobbed cells

project upward, and which appear to be budding off portions of them-
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selves, which will apparently become blood corpuscles. The sinus, at

any rate, becomes much crowded with what are evidently blood cor-

puscles. Now follow what seem to be amoeboid contractions of the yelk,

or its periblastic investment, as a result of which this sinus is pushed

out more to the right and over the vitellus. This sinus, as it is further

extended, in a girdle-like manner, over the vitellus, as in figs. 22, 23,

and 24, is seen to be obviously homologous with the edge of the area

vasculosa of Avian embryology or to the sinus terminalls of the mam-
malian embryo. Smaller vessels are soon formed which lead from the

under side of the posterior end of the embryo and join the great mar-

ginal trunk anteriorly which leads to the heart. The asymmetry of the

vessels which spread over the yelk and take up its substance is very

striking during the first few days of development. By the time the

young fish is about to hatch the marginal sinus or trunk has gradually

assumed a median position on the under side of the yelk, and small

vessels pass out on either side of the body on the upper surface of the

yelk in a quite symmetrical manner, as shown in figs. 25 and 2G.

When the great vascular sinus or first trace of a vascular system is

developed, it can scarcely be said that there is a circulation ; the blood

corpuscles now present are merely swayed back and forth by the pulsa-

tions of the heart. As soon as the aortic channel, underneath the chorda

dorsalis, is forced through, the blood commences to pour through the

sinus from the tail end of the embryo headward over the yelk, as there

is now a complete and open vascular cycle of vessels developed. The
cardinal and caudal veins are formed about the same time. From them
the feeders of the sinus, now the vitelline vessels, are soon developed,

and they are rapidly spread out over the yelk as narrow channels, be-

coming more and more numerous. They at first spread out over the

aboral pole of the yelk, and a great common venous channel, derived

from the sinus first mentioned, begins on the left side of the embryo
and goes found to the right side over the yelk, like a girdle, to feed

the heart. Into this somewhat tortuous, equatorial, vascular girdle

the blood pours from the small veins traversing the yelk. The main
vessel is symmetrically disposed in reference to the median plane of

the embryo, and is gradually swung round over the yelk in front of the

head as in fig. 24. Eventually the venous end of the heart is also

swung round, and is pushed out under the front of the head instead of

extending outwards over the yelk at one side of the head. The arrange-

ment and changes undergone by the omphalomeseraic vessels of the

embryo stickleback are characteristic, and have not been met with, as

far as I am aware, in the embryos of any other Teleosts.

Kupffer's vesicle was found to be present. The urinary bladder

occupies the usual position ; it is large and inclosed by a proper cellular

wall. The course of the intestine, when the embryo is nearly ready to

hatch, is marked by a greenish color. The hind gut, during the earlier

stages of development, is decidedly swollen and has a spacious lumen.
S. Mis. 70 33
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The blood becomes red in color before the embryo leaves the egg. The
vascular system is better developed in this species at the time of hatch-

ing than in any other known to me, as well-defined vascular loops

already exist in the dorsal and ventral median fin-folds. The branchial

vessels, arches, and opercula are also in an advanced condition of de-

velopment at this period, unusually so when compared with the embryos
of most other forms at the same stage.

Lateral sensory or segmental sense organs are developed on the

skin at the time of hatching. If the youug fish is allowed to assume
its normal position in a live-box, and the microscope applied, looking

down past the sides of the body from above, certain thickenings of the

epiblast or integument will be noticed. These thickenings are sur-

mounted by transparent cells which project freely for a little distance

from the general level of the surface. The outer ends of these cells, ten

or twelve in number, are somewhat separated from one another, and
have blunt truncated tips which are not surmounted with sensory hairs

or filaments. The segmental sense organs of the lateral line in the

young stickleback, therefore, differ very widely from those of the cod.

Fig. 27 represents an older larva in which the lower lobe of the tail is

beginning to develop.

THE SPINNING HABITS OF THE ADULT MALE DURING THE BREED
ING SEASON.

It has been known for a long time that the males of the different spe-

cies of sticklebacks build a nest in which they place the eggs laid by the

females. The water is continually forced through the mass of eggs by
the male fish, which moves his fins for the purpose, and also draws or

pumps the water through the clump of eggs with his mouth in execut-

ing the movements of the jaws, gills, and opercula incident to respira-

tion. Just how the nest was built, however, never seems to have been

observed until about 1879 or 1880, when Mr. W. P. Seal noticed that

the nest was built of threads drawn out through an opening near the

vent of the male, and that the latter wound these threads round the clus-

ter of weeds chosen to support the nest in a wonderfully intelligent

manner. Specimens with which this gentleman kindly supplied me in

1881, upon dissection, showed that there was present, lying on the right

side of the rectum, a large sack filled with a viscid secretion, and that

this was the source of the material of which the threads were formed.

These observations, which were published four years since, have appar-

ently been overlooked by Mobius,42 avIio has recently given an account

of his observations on the spinning organs of Spinachia vulgaris Flein.,

though his observations are far more complete than were my own.

On the habits of the male Apeltes, I wrote as follows in 1881: "The
male binds the nest together by means of a compound thread which he

42 K. Mobius. Ueber die Eigeuschaften uud deu Ursprung der Schleimfaden des See-

sticMingsnestes. Arch. f. mikr. Anat., xxv, 1885, 1 plate. Also, Die Niere des mann-
liclien Seestichliugs, eine Spiundriise. Biolog. Ceiitralbl., v, 1886, pp. 647-648.
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spins from a pore or pores behind the vent, while he uses his bobbin-

shaped body to insinuate himself through the interstices through which

he carries his thread with which he binds a few stalks of Anacharis or

other water-weeds together, bringing in his mouth every now and then

a contribution of some sort in the shape of a bit of a dead plant or other

object, which he binds into the little cradle in which the young are to

be hatched. The thread is spun fitfully, not continuously. He will go

round and round the nest for perhaps a dozen times, when he will rest

awhile and begin again, or turn suddenly round and force his snout

into its top with a vigorous plunging motion, as if to get it into the

proper shape. Its shape is somewhat like an inverted truncated cone;

an opening is left at the top through which it is supposed that he intro-

duces the eggs. The thread is wound round and round the nest in a

horizontal direction in the case we are describing, and if this thread is

placed under the microscope when freshly spun it is found to be com-

posed of very thin transparent fibers to the number of six or eight;

where they are broken off or terminate they have attenuated tapering

ends, as though the material of which they were made had been ex-

hausted when the spinning ceased. Very soon after the thread is spun

particles of dirt adhere to it and render it difficult to interpret its char-

acter. I have seen the thread being drawn out from the abdomen re-

peatedly, but not from the vent; it appeared to me more probable that

it came from the openings of a special spinning gland. Its glass-like

transparency shows that it is not made up of ingested food, the parti-

cles of which would exhibit themselves were that the case. The nest

measures half an inch in height and three-eighths in diameter.

" Upon opening the male I find a large vesicle filled with a clear, ex-

tremely viscid secretion which coagulates into threads upon contact

with water. This vesicle appears to open directly behind* the vent,

separately from the latter. It measures one-fifth inch in length and an

eighth in diameter. As soon as it is ruptured it loses its transparency,

and whatever secretion escapes becomes whitish after being in contact

with water for a short time. This has the same tough, elastic qualities as

when spun by the animal itself, and is also composed of numerous fibers,

as when a portion is taken which has been recently spun upon the nest.

The nature of the opening was not learned with* precision, as I possessed

only a single specimen. The vesicle lies to the right side of the intes-

tine, and there is very little doubt that it opens behind the anus. The

testes are two ovoid glands, the ducts of which unite into a common
canal, both glands and ducts being covered with black pigment cells

;

the testes, during the breeding season, measure somewhat less than an

eighth of an inch in length. As to the origin of the secretion I have

* By mistake it is stated, in this paragraph of niy original account, that the sac

opens " in front of the vent." I make the needed correction here, as I find that the

sketches which I made at the time show that it opened behind the vent, as stated in

the first paragraph.
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no suggestion to make, but there are certain glandular structures lying

close by, tlie significance of which I am at a loss to understand."

Since the above was written the inspection of additional material en-

ables me to state that the secretion is present only during the breeding

season.

Mobius has investigated the subject much more thoroughly in the

larger European stickleback, Spinachia vulgaris, and he finds that the

sac, found by me in Apeltes to be filled with a viscid secretion, is really

the urinary bladder. And, further, that the sources of the viscid secre-

tion are the kidneys, the secretion being poured out from the epithelial

cells of the uriniferous tubules. The bladder acts simply as a reservoir

in which it accumulates. In Spinachia the threads measure 0.12 to

0.13 mra in diameter, the male winding them around weeds to form a nest,

in the same manner as the male of Apeltes. The secretion or viscid

spinning material belongs, according to Mobius, to the mucines. Boil-

ing hydrochloric acid stains it a violet color and then dissolves it.

Nitric acid stains it yellow but does not dissolve it. It is insoluble in

acetic acid ; soluble in caustic potash solution, and when in solution in

the latter, if acetic acid is added drop by drop, a white precipitate is

formed, which is again dissolved if acetic acid is added in excess. Boil-

ing baryta-water dissolves it, but boiling lime-water does not.

Mobius traced the secretion to the epithelial cells lining the urinary

tubules of the kidneys or wolffian bodies. After the breeding season

the volume of the kidneys and urinary bladder diminishes, and they

then contain urine only, while during the breeding season they are

principally filled with the slimy secretion, the thread being spun from

the genito-urinary opening just behind the vent.

X.—Esox reticulatus Le Sueur. (Common Eastern Pickerel; Green
Pike.)

From material supplied by Mr. W. P. Seal, I am enabled to give fig-

ures of two stages of this type ; the youngest 9mm long and the most
advanced 11.5,nm in length. These are represented by figs. 28 and 20.

The young of this species become pigmented rather soon. The gill

arches remain exposed for a considerable time, as is shown in fig. 20,

in which the depressed, produced snout characteristic of the pike

family is also already evident. Caudal metamorphosis is also begin-

ning to manifest itself in this older stage, the tail having become lancet-

shaped, and proportionately narrower than in the younger stage pre-

ceding. There is a well-developed vitelline circulation which has been

figured by Truman43 in the embryo of Esox lucius. The same species

has also been investigated by 'Swirski,44 who has worked out the devel-

^E. B. Truman. Observations on the development of the ovum of the pike,

Monthly Mic. Jouru., Oct., 1869, pp. 185-203, pis. 27-29 and part of 30.

44 Georg 'Swirski. Untersnchungen iiber die Entwickelung des Schultergiirtels und

des Skelets der Brustflosse des Hechis. Inaug. Diss., Dorpat, 1880, pp. CO, pis. 2.
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qpment of the skeleton of the shoulder-girdle and pectoral tins of this

type. The most important contribution to our knowledge of the devel-

opment of fishes of this type, however, is a paper by Walther.45

It is interesting to note that 'Swirski found no less than fifteen carti-

laginous nodules at the distal ends of the still cartilaginous actinosts

or basipterygial pieces, of which he finds four, but the distal end of the

fifth and most dorsal in position is bifurcated, showing that it is prob-

ably compound, having doubtless originated by the proximal coales-

cence of two parallel bars. Some of the distal nodides or actinophores

were transitory. The sixteen or seventeen rays of the pectoral devel-

oped as do those of the rays of the median fins, viz, by the proxi-

mal concrescence or blending of horn fibers or actinotrichia. The large

number of pectoral actinophores found at various stages would indi-

cate, even if two rays must be reckoned to a segment, that at least eight

metameres have thrust processes of tissue into the pectoral fold during

its development. These data seem to indicate, in fact, that considerable

reduction has occurred in the number of metameric elements in the

paired fins of Teleosts, since certain of these elements are transitory.

Walther's paper discusses especially the chondrocranium and the re-

lation of the cementum plates, at the bases of the conical enamel-crowns

of the teeth, to the formation of the membrane bones of the jaws and

mouth.

X.

—

Species No. 1.

This fresh water species, which I cannot identify, has a very adhesive

.

egg, l.Gn,m by 1 ,11U in diameter, as shown in fig. 31, plate vii. The blas-

toderm constricts the yelk in a very remarkable way during its growth

over the yelk-globe, as shown in figs. 30 and. 31. A very large refrin-

gent oil-drop is embedded in the yelk ; the larger oil-drop is also sur-

rounded by a wreath of much smaller ones. Kupffer's vesicle is devel-

oped under the tail end of the embryonic axis in the stage represented

b\ rig. 33. Fig. 32 represents nearly the same stage in profile, and

shows the oil-sphere pushed quite to the ventral and anterior pole of

the yelk, where it remains until absorbed, as shown in fig. 34.

Three days after hatching, the embryo measures about 4ram in length,

has a well-marked vitelline circulation developed, and a row of dark

pigment spots are developed along the side of the body, while a very

singular and peculiar arrangement of pigment is found on the yelk-

sack. On the latter, as may be seen in fig. 34, the pigment spots are

confined to the noiuts where the minute vessels join each other.

These eggs were found adherent to a piece of leather in a single layer

at Havre de Grace, Md., in the early part of May, 1881. The adhesive

«"' Johannes Walther. Die Entwickelung der Deckknochen am Kopfskelett des

Hechtes (Esox lueius). Jenaische Zeitschr., xvi, n. f., ix, 1. nnd 2. Heft, Jena, 1882,

pp. 59-87, pis. iii-iv.
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agglutinating matter which, covered the zona radiata seemed to have
flowed down over the egg aud hardened into a kind of flat disk at one

side, as shown in fig. 31. The yelk is quite transparent, but the disk

and blastoderm are rather thick; these characters lead me to think

that it is the egg either of a Cyprinoid or a Centrarchid, most probably

the latter, as. the yelk of the Cyprinoids is generally very granular.

XI.

—

Perca Americana Schranck. (Yellow Perch; American or

Ringed Perch.)

I have not yet had an opportunity to study the development of this

valuable fresh-water species, which spawns in April and May. Like the

European P. flnviatilis, it lays its eggs in flat bands consisting of a sin-

gle layer, agglutinated together by an adhesive material. These flat

bands of eggs somewhat resemble those of the goose-fish or Lophius.

but they are not as large and do not float on the surface as do the egg-

ribbons of the latter; on the contrary, in this species, they are quite

heavy and sink to the bottom, and are suspended by the female in all

probability upon submerged objects where they are left to hatch out.

The envelopes of the eggs of the yellow perch are, however, so com-

plex in structure that they may be recognized with the greatest readi-

ness. The vitellus measures 1.75mm in diameter. It contains a large

oil-sphere which occupies an eccentric position. The oil-sphere is not

represented in fig. 35, plate viii, representing the egg of the Ameri-

can perch, which measures, including the spacious and thick-walled

egg-membrane, 3.5mni in total diameter.

The egg-membrane is exceedingly complex, and consists apparently

of an internal layer, z, which is homologous with the zona radiata of

other types. Immediately overlying the zona there is a very thick,

highly elastic layer, g, which is traversed radially by fibers or canals

which widen perceptibly at the outer surface. A third thin investment,

a, overlies this thick elastic layer, and it consists of the hardened mucine-

like material which agglutinates the eggs together. At one point on

the surface of the egg there is a wider pore canal which leads to the mi-

cropyle m. The outer layer, a, serves to agglutinate the egg to the outer

layer of adjacent eggs, as shown in fig. 35.

XII.—Rocctrs americanus (Gmel.) J. & G. ( White Perch.)

The eggs of this species are quite small and measure only about .73nim

or one thirty-fourth of an inch in diameter, are very adhesive and stick

together in masses or in thin layers over fixed objects in the water.

The zona radiata is quite thick and is traversed by fine pore-canals.

The micropyle is a minute opening measuring .0075mm in diameter.

Externally the zona radiata is at first covered by a thick layer of ad-

hesive matter, which flows toward the points where the eggs come into
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contact with a foreign body or with each other. At such points disk-

like hardened accumulations of the adhesive investment of the egg are

developed, as shown in figs. 36 and 37, plate viii. The oil-drop in the

vitellus is relatively quite large, as an inspection of the figures named
will show.

The blastodisk is also quite bulky in comparison with the bulk of the

yelk, as is indicated by the stippled areas, showing the blastodisk in op-

tical section, in figs. 36 and 37. When the blastoderm is developed

and has spead over one-half of the yelk, as shown in fig. 38, it is char-

acterized by its great thickness and its much swollen rim. The yelk is

also more or less constricted at a later stage by the rim of the growing

blastoderm, in the same way as shown in figs. 30 and 31. The embryo,

before the tail begins to grow out, embraces considerably more than half

the circumference of the yelk. Kupffer's vesicle is also developed at

this stage, or by the time the condition shown in fig. 39 is reached.

In six days, with the water at a temperature ranging from 51° to 53°

Fahr., the young fish leaves the egg. Viewed as a transparent object,

the young White perch at the time of hatching presents the appear-

ance represented in fig. 40, when it measures 2.3mm in length. No fin-

folds have as yet appeared and the head seems as if it almost formed

a continuum with the yelk-sack below it. On the first day after hatch-

ing considerable growth is made by the embryo, since it now measures

somewhat over 3mm in length. This stage is represented by fig. 41,

plate ix. At the end of three days but little more growth has been

made, as is shown in fig. 42, but after the young fish has been hatched

five or six days, as shown in figs. 43 and 44, the head begins to project

forward. The oil-drop now occupies the forward part of the yelk-sack

and is covered by cells derived from the periblast. Stellate pigment
cells also begin to make their appearance at this time over the oil-drop,

and a few scattered ones develop on the sides of the tail and back part

of the yelk-sack.

During the later stages the yelk-sack becomes more elongated, and
the liver develops as a bud-like outgrowth from the ventral wall of the

meseuteron. The rudiments of the pectoral fins appear as a pair of low

horizontal folds of the larval integument some distance behind the ear-

capsules. The mouth is barely more than indicated at this stage of

development. The spawning season of this species is in April and
May.

XIII:

—

Stizostedium vitreum (Mitch.) Jordan and Copeland.
(Wall-eyed Pile)

The eggs of this species measure nearly a line in diameter or nearly

2mm . Shortly after hatching, the embryo measures 5.8mm (see fig. 45).

The pectoral fin is already developed and the oil-drop is anterior in po-

sition as in the embryos of the preceding species. The eggs and embryos
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observed by the writer came from Northville, Mich., and were hatched

on the 15th of June, 1885, at the Central Station, Washington.

XIV.—SCOMBEROMORUS MACULATUS (MlTCH.)

Mackerel.)

J. & G. (Spanish

Figs. 46 to 56, plate x, relate to this species and give a few details

of structure which it was not possible to work out by the methods of

study which I was obliged to pursue at the time my first paper was
written.

Fig. 46 represents a transverse section through the hist cerebral

vesicle; the nasal pit is also cut through at na. Fig. 47 represents a

section through the mid-brain and the origin of the optic nerves. A
segmental sense organ is also cut through just above the front portion

of the eye. Fig. 48 is from a section a little farther back than the pre-

ceding. Fig. 49 is a very much enlarged representation of a section

through one of the segmental sense organs, showing the columnar

character of the cells of the lower layer of the integument in these struct-

ures. Fig. 50 is a representation of a section cutting transversely

through the hinder region of the mid-brain and shows the course of the

fibers of the optic nerves through the retinal walls. Fig. 51 represents

a cross-section through the fore part of the medulla oblongata ; a seg-

mental sense organ is also shown in section. Fig. 52 represents a

cross-section cutting through the auditory capsule ait, with a segmental

sense organ, ss, below it; below the pharyngeal region, in the middle

line, the bulbus arteriosus and ventricle is cut through. Fig. 53 repre-

sents a longitudinal section of a young Spanish mackerel somewhat off

the median line. Above the pericardial cavity pc the branchial and

hyomaudibular arches are cut across. The heart h opens directly, as in

fig. 56, into the space surrounding the periblast #, as I have elsewhere

described in the embryo of Clupea. The trabecular cranii ^-are seen to

be feebly developed at this stage, as shown in both figs. 53 and 56.

Fig. 54 represents a cross-section through the pectoral fin fold p', the

yelk-sack, and segmental ducts sd. The periblast in this section is seen

to be well developed and contains nuclei. Fig. 55 represents a cross-

section through the tail of a young Spanish mackerel, a segmental sense

organ having also been cut through. Fig. 56 shows that the oil-drop o,

at the posterior end of the yelk, is mainly enveloped by the periblast.

The intestine i is cut through at several points, and the segmental duct

sd of one side is split lengthwise, the section passing through the urinary
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bladder al and the pronephric funnel pn anteriorly. The chorda cli is

cut through at several points, and the iioor of the pericardial cavity pc

is shown to be very thin and continuous with the venous end of the

heart h. The latter, therefore, opens directly into the body cavity be-

hind it, the body cavity itself being directly continuous with the

cleavage cavity of an earlier stage, the latter becoming the former in the

course of development. These sections were prepared from Spanish

mackerel embryos which had left the egg only about twenty-four hours,

and measured about 3lum in length.

XV.

—

Ch^etodipterus faber (Brouss.) J. & G. {Angel-Fish;

Forgee, or Moorish.)

The ova of this species are pelagic or floating in habit, iu sea-water

having a specific gravity of 1.014. They hatch out in twenty-four hours

when the temperature of the water is 80° Fahr. This species spawns in

the Chesapeake during the latter part of June and the early part of

July. It is prodigiously fertile, the female probably discharging a

million ova during a single season.

The egg measures somewhat over a millimeter in diameter. The

blastodisk will develop independently of fertilization, as shown in fig.

57. Cleavage is very rapid and it requires only about one hour to pass

from the condition shown in fig. 58 to the morula condition shown in

fig. GO. Fig. 59 shows the form assumed by the cells of the morula

stage, and traces are also present of the subquadrate form assumed by
the blastodisk at the time of the completion of the second cleavage.

After the blastodisk begins to spread, the development of the mar-

ginal cells at its edge becomes very well marked, as shown in fig. 01.

The oil-drop, shown in figs. 58, GO, and Gl, remains for a time almost

exactly opposite the center of the blastodisk, and later, when the em-

bryo is formed, it occupies a median ventral position in the yelk-sack,

as shown in figs. 62 and 63, and is not finally shoved to the posterior

end of the latter, as in the embryo Spanish mackerel.

In thirteen hours the embryo fish is fairly outlined, as shown in fig.

62, and the oil-drop becomes covered by the periblast in which nuclei

seem to be differentiated. At this stage faintly-colored pigment cells,

mostly of a rounded form, become developed on the body of the embryo.

At the under side of the tail Kupffer's vesicle is also distinctly developed.

All over the blastoderm, enveloping the yelk at this stage, faintly-colored

pigment cells are discernible.

At the end of twenty-four hours the young fish leave the egg, measur-

ing about 2.5mm in length. Sixteen hours later, as shown in fig. 63,

the embryo has grown about half a millimeter in length, and the

greater part of the yelk has been absorbed, so that an immense se-

rous space is left in front of the yelk, between the periblast envelop-

ing the latter and the outer somatopleural sack. This wide space has
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been derived directly from the cleavage cavity. By this time the pig-

ment cells on the body and tail have begun to aggregate in definite

groups, as shown in fig. 63, and the majority have also become dis-

tinctly stellate.

Fig. 64 represents the recently-hatched moonfish. The body cavity

sc, formerly the cleavage cavity, is already very spacious, as the yelk is

being absorbed more rapidly than the outer somatopleural envelope of

the yelk is collapsing. This outer somatopleural covering of the yelk

in this species, as in all youug fishes, even Elasmobranchs, is quite free

and is not fused with the periblast-splanchnopleure beneath it. The

oil-drop, it will also be noticed, is now invested by distinct cells of peri-

blastic origin, which have well-defined borders, and are more or less

stellate. It also bulges outward, more or less distinctly, but it is easy

to see that it is still invested by the yelk. The pectoral fin-fold appears

far behind the auditory involution in the stage represented by fig. 64;

it is somewhat more developed in the more advanced stage represented

by fig. G3. The ventral fins appear quite late, as they were absent in

the oldest stages observed by me.

Twenty-eight hours after hatching, the youug moonfish measures

3.5mm in length, and presents the appearance shown in fig. 65. Em-
bryonic fin-rays have by this time made their appearance at the end

of the tail; the pectoral fin is well developed, and the intestine is

longer and the urinary bladder is larger. The yelk has also diminished

greatly in size, and the mouth will soon be open. There is still no com-

plete circulation, though all the principal subdivisions of the heart are

developed and that organ is pulsating vigorously. By this time traces

of a reddish pigment begin to appear on the upper and lateral portions

of the abdomen.

Fifty-three hours after hatching the young moonfish has grown

mainly in height of the body, as shown in fig. 66. The snout is very

blunt and declivous and foreshadows the form of the blunt, rounded

profile of the parent fish. The yelk is nearly absorbed and over the

abdominal walls there is now developed a strongly-marked group of

stellate red pigment cells. A flexure of the intestine is also developed

and the urinary bladder is very large and distinct. The pectoral is

strongly developed and a complete circulation is apparent, though the

aorta bends upon itself and is continued forward against the caudal

vein at a point less than half the distance becweeu the vertical from the

vent and the end of the tail. The pigment cells have also by this time

been more definitely aggregated into a definite band on the tail and on

the integument above the pectoral. The young fish by this time meas-

ures nearly 4mm in length.

I have seen some of the post-larval stages of the young of this species

in Chesapeake Bay measuring from one-half to one inch and a quarter

in length. In these the transverse dusky bands seen in the adult are

intensely bluish-black in color. It is, therefore, obvious that the color-
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ation diminishes greatly in brilliancy with age. I have very strong

reasons to suspect that the larvae of this species are phosphorescent at

night.

XVI.

—

Gadus tomcod Walb. {Tom-cod; Frost-fish.)

The eggs of this species of Gadoid are somewhat larger than those

of the common codfish. The egg-membrane is rather thick and tough

and is covered externally by an adhesive coating of a mucine-like sub-

stance which agglutinates the eggs together in masses, the latter being

very frequently, if not usually, attached to sea-weeds and stones at the

bottom of the littoral zone. The eggs are not pelagic, like those of the

cod, though there is a very conspicuous oil-drop in the vitellus ; as de-

velopment progresses this oil-drop is pushed forward to the anterior

pole of the yelk-sack.

When hatched the gape of the mouth is very much greater than that

of the larva of the common cod. The intestine terminates at the margin

of the ventral fin-fold, instead of some distance from it, as in the larval

cod, as may be seen by comparing figs. 1 and 07. There is no integu-

mentary vesicle or bulla developed over the head as in the young cod,

so that the larval stages of this species differ very widely from its con-

gener, though both spawn in winter or during the colder months of the

year. The larvas of the tomcod are also more robust in build than

those of the cod, and measure at the time of hatching very nearly, if

not quite, 5mm in length.

XVII.—Clupea sapidissima Wilson. {The Common Shad.)

The interest attaching to the development of this species is two-fold,

namely, that which appeals to the economist and that which appeals

to the biologist. While the description of the morphological changes
which this species undergoes during development will be of immediate
interest only to the latter, the former, if he be a fish-culturist, and not

otherwise interested in the life-history of the type under consideration,

may still perhaps derive useful information from what is to follow re-

specting the maimer in which the perpetuation and development of this

valuable food-fish is accomplished. With the invention of greatly im-

proved appliances, the hatching of this form from artificially fertilized

eggs is now accomplished to the number of perhaps fifty to seventy
millions annually along the Atlantic slope, reckoning in this total the

combined efforts of the United States and the different State fish com-
missions of the coastwise States. The species is anadromous and quite

fertile, a single female yielding during the season, if unmolested, about
200,000 ova. These ova are probably discharged in shoal water and
mainly after night-fall. Spawning occurs during the spring months of
April and May, and as late as June and July in the latitude of Wash-
ington and Baltimore.
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The freshly-extruded egg of the shad is of a very pale amber color,

and is invested by a very much wrinkled zona radiata, as shown in fig.

68. At this time, if the egg is allowed to lie on a plane surface, its

form is considerably flattened, and its outline from above is subquad-

rate and irregular. The freshly-laid egg, if examined with a low power

of the microscope, is found to be very closely invested by the zona

radiata z, fig. 69 ; immediately below the zona lies the cortical layer

cl, in which numerous minute rounded bodies or corpuscles are imbedded.

This cortical layer of plasma also sends down into the yelk thin laminar

prolongations of itself which envelop the large yelk masses y into which

the body of the vitellus is subdivided. Immediately after the ova are

brought iuto contact with the sperm or milt of the male shad a great

change in their appearance occurs. This change consists mainly of the

distension of the wrinkled zona with water, as a result of which the egg

becomes spherical, its bulk at the same time becoming about seven times

greater than in the unimpreguated state. This change may occur in

the presence of water without the agency of impregnation, but it is then

not apt to affect all of the ova in this way. As a result of the disten-

sion of the zona radiata or egg-membrane, the latter is lifted up from

contact with the surface of the vitellus so that it lies quite free in its

spherical envelope with a wide space all around it, as shown in fig. 70,

in which the vitellus is shown as an oval black dot and the contour of

the egg-membrane as a simple circle. This figure represents the egg of

the shad of the natural size with the vitellus lying in the lower half of

its envelope. With the further progress of development no additional

distension of the egg-membrane occurs, but during the whole of the

time the space surrounding the egg or embryo remains the same, as may
be seen by reference to fig. 101, plate xvi ; figs. 126 and 127, plate

xviii ; and fig. 136, plate xix.

Upon the impregnation of the egg, which is effected by the entrance

of a spermatozoon through the single minute pore or micropyle, which

admits of the passage of the male element to the vitellus from the out-

side through the zona, a germinal thickening of the cortical layer or a

blastodisk is rapidly developed. In its natural position in the zona,

the vitellus of the shad, surrounded by its envelope of germinal matter,

assumes the form of an oblate spheroid or that of a somewhat flattened

sphere, when viewed in optic section, as shown in figs. 71, 72, and 73.

At first there is no blastodisk present, but a few minutes after impreg-

nation the cortical layer at one side of the ovum becomes perceptibly

thicker over one pole of the vitellus by the concentration or aggregation

of its substance at that point, as shown in profile in fig. 71, and from

above in fig. 75. The substance of the cortical layer becomes slowly

heaped up after impregnation into a depressed conical mass at one pole

of the vitellus, as shown in figs. 71, 72, 73, 74, and 76. Normally, the

blastodisk is lateral in position when the egg is at rest. From its in-

ferior side strands of protoplasmic matter pass down between the large
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vitelline masses into which the yelk is subdivided. These strands of

plasma radiate from the under side of the blastodisk into the yelk some-

what in the same way as the roots of a plant radiate from the base of

its principal stem into the surrounding soil, as is shown in figs. 71 to

78, inclusive, plate xiv.

In the course of about fifteen minutes after fertilization, I have sev-

eral times witnessed the expulsion of the polar cells from the develop-

ing blastodisk of the ovum of the shad. A distinct prominence is first

developed near the center of the thickening of the cortical layer, as

shown in fig. 74. At intervals of a minute or so apart, the changes

which that prominence undergoes I have represented in fig. 70, a, b, c,

d,e,f. The two polar cells at first lie close to the surface of the in-

cipient disk; later, they remain adherent only by a slender filament

of protoplasm, as shown at c. Finally, they are detached from the

filament, as shown at d, and at last the filament itself is slowly with-

drawn into the cortical layer, disappearing entirely at a stage a little

more advanced than that shown at /. The polar cells in this species

are finally detached, and seem to disintegrate in the large water space

surrounded by the zona, and in which the egg lies. Snch a detachment

of the polar cells is not without precedent, for Bischoff represents them

as detached in the segmenting ovum of Mammalia, and I have myself

observed their detachment from the segmenting ova of Nudibranckiate

mollusks, and saw them drop into the perivitelline space just as seems

to be the case in Clupea.

At the end of about half an hour, with the water at a temperature of

75°, the blastodisk is formed, and at the end of one hour and twenty

minutes the first cleavage furrow has been formed. This furrow di-

vides the blastodisk into two equal conical masses, as shown in figs.

77, 78, and 80. These figures represent the cleavage in its most active

phase, when the plasma of the disk is heaped up into two remarkably
prominent blunt cones. The disk becomes much elongated as a re-

sult of the development of the first cleavage, nor does it lose its elon-

gated squarish form for a considerable time after the second cleavage

furrow is developed, as shown in fig. 81, from above, and in figs. 82 and
85 in profile. Certain irregularities of cleavage are sometimes appar-

ent, such as the development of five cells in the disk at this stage, in-

stead of four, or the normal number. An abnormal disk of this kind

is represented in fig. 83. The second furrow is developed about two
hours after fertilization.

Upon the advent of the third set of furrows, which divide the four

cells of the last stage transversely, the blastodisk is subdivided into

eight cells lying in two parallel rows of four each, as shown in figs. 86,

87, and 88. The third set of furrows appears about half an hour after

the second cleavage has been completed. In the course of the next

forty minutes the thirty-two celled stage of segmentation has been
passed over, as represented in figs. 84, 80, and 00. The morula condi-
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tiou is now entered upon, but its development is not completed until

about four to five hours after fertilization. Consequently, the next

change which the blastodisk undergoes is the further subdivision of its

component cells. Just after the stage represented in fig. 90, the blas-

todisk becomes divided into two layers of cells, as shewn in fig. 91.

At about this time the nuclei of the periblast become sundered from the

nuclei of the cells at the edge of the blastodisk. The morula stage is

finally completed when the segmented blastodisk assumes in sectioD

the lenticular form represented in figs. 92, 93, and 95 ; nuclei are already

apparent in the periblast of the latter.

Immediately succeeding the morula stage comes the blastula condi-

tion, when, for the first time, the blastodisk becomes markedly lifted up

at its center from the underlying periblast. As a result of this lifting

up of the middle of the blastodisk, which at the same time becomes

thinner in the center, a space appears under its central part, known as

the cleavage cavity, as shown in figs. 137 and 13S, plate xix. The

duration of this phase of the blastula is brief and is almost immediately

followed by the gastrula stage.

The advent of the gastrula stage is characterized by the inflection of

the margin of the blastoderm. This becomes greatly thickened at one

point at its margin, or where the future embryo will be formed, as

shown in optic longitudinal section, in fig. 137, at s, as a swelling.

Other views of this stage are also given in tigs. 138 and 139. At this

time the cleavage cavity has a kidney-shaped outline as viewed from

above, but it soon becomes somewhat crescent- shaped, as in fig. 140,

for the swelling 8 of the previous stages is extending inwards to form

the embryonic shield e. In sagittal, optic section this same stage is rep-

resented in fig. 141, with the egg in another position. Both these last

figures were carefully drawn from micro-photographs.

The gradual advance of the blastoderm over the vitellus is repre-

sented by figs. 140 and 141, plate xix; fig. 96, plate xv; figs. 118, 119,

and 120, plate xvii; and in figs. 98, 101, and 102, when the yelk-blas-

topore or protostoma of the egg of the shad may be said to have closed,

the margin of the spreading blastoderm being considered the margin

of the gastrula mouth and the whole yelk as hypoblast, together with

the formative hypoblast h, as shown in figs. 9G and 118. Such an ar-

rangement causes the gastrula mouth from o to o to be greatly expanded

or widened in order that it may embrace the greatly hypertrophied

hypoblast with its inclusions of passive deutoplasm.

Before the blastoderm of Clupea begins to spread a well defined thin

cuticle or epidermis is developed over its whole surface, composed of a

single layer of squamous cells, as shown in fig. 95. This is the first

differentiation of tissue layers which occurs in the blastodisk of the

ovum, aside from the formation of the periblast. As a result of the

inflection of the margin of the blastoderm, the hypoblast and epiblast

are developed, the former from the inflected stratum of cells, h, and the
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latter, e, from the epithelial and immediately underlying cells of the

disk. From these two primitive organs all those of the young shad

are evolved by further differentiation, folding, expansion, invagination,

&c.

The central nervous system is developed wholly from the epiblast.

This will be rendered the more obvfous from a glance at figs. lOGtolOS,

representing transverse sections through the embryonic axis of an em-

bryo shad represented in fig. 101, plate xvi. The spinal cord N iu

these is shown to arise as a thickening of the layer e, and extends the

entire length of the body at this stage, and is here characterized by its

solidity, as in the embryos of all Osseous fishes and the Lampreys.

During a later stage the* cord N becomes separated from the layer e, as

is shown iu cross- sections (figs. 109 to 112) of a much later stage, viz,

that shown in fig. 12G, though the sundering of the embryonic spinal

cord from the epiblast in reality occurs considerably earlier, or by the

time the stage represented iu fig. 103 is reached.

As the blastoderm spreads, the portion e, fig. 140, lengthens to form

the embryo, the component layers of the latter, fig. 9G, e and h, be-

coming much tbickened in the vicinity of the median longitudinal

plane. From the inferior thickened part of the inflected band of tissue

//, tlie chorda ch, figs. 100, 107, and 108, is formed, together with the myo-

blasts or myotomes on either side of the chorda, as dorsal outgrowths,

fig. 97, M M M, of the primitive hypoblast h. * These rudiments of the

musculature of the body in the embryo shad are not hollow, as in Bran-

chiostoma, or composed of two layers forming the inner and outer walls

of the series of myoblastic segments, as in HJlasmobranchii. They are

therefore not clearly defined paired archenteric diverticula or gut

pouches, but their solid condition is probably due to an abbreviation of

development like that which has affected and retarded the appearance

of the cavity of the spinal cord and brain and that of the intestine.

The inferior part of the layer h, in fig. 96, gives rise in the middle line to

the intestine i, as shown in figs. 10G and 107. The lumen of the intes-

tinal canal appears very slowly, and at first is a mere pore in cross-

sections, as shown in figs. 109 to 112 at i. During the early stages the

hypoblastic baud which gives rise to the intestine is thickest at the

posterior end of the embryo, and gradually thins out and widens as it

extends toward the head. This is rendered obvious upon comparing a

section near the tail end of the embryo, fig. Ill, with a more anterior

one, fig. 109, from the region of the back part of the medulla oblongata.

The lumen of the intestine in this anterior region is also no longer pore-

like, but flattened, cleft-like, and transverse.

At a slightly earlier stage than is shown by the sections represented

in figs. 100 and 107, the chorda ch is found to be united interiorly with

the layer i, which gives rise to the intestine. The chorda, myotomes,

and the intestine are therefore to be regarded as differentiations of the

layer h in figs. 9G and 118.
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The myotomes gradually increase in number, and at the time the blas-

topore closes but three or four are visible, as shown in fig. 120. Some-
what later more are added behind those already formed, as shown in

figs. 98, 101, 102, 103, 123, 126, 127, until the full complement is devel-

oped, as shown in fig. 151. •

Of the sense organs, the optic lobes, from which the eyes are formed,

are the first to become developed. These appear as a pair of lateral

elongated thickenings of the epiblast at the front end of the embryonic

axis. Four stages of the differentiation of the optic lobes are shown,

as viewed from the above, in figs. 114 to 117. These phases of the de-

velopment Of the eyes and head may be readily connected with the more
advanced ones represented in figs. 113 and 128.

The gradual extension of the cleavage cavity sc under the growing

blastodisk may be traced by reference to figs. 137, 138, 139, 140, 141, 118,

119, 120, 121, 98, 102, 103, 122, 126, and 127. After the entire yelk is cov-

ered by the blastoderm the only cellular membranous covering invest-

ing it externally is the extremely thin epiblastic membrane e, shown
in section, fig. 121, and between this and the periblast p of the same
figure the cleavage cavity sc is included ; this again being directly con-

tinuous with the body cavity be on either side of the intestine i. This

relation of the surrounding parts to the cleavage cavity demonstrates

very conclusively that the membrane e, in fig. 121, must be the sorna-

topleure, while the periblast p must undoubtedly be homologized with

the splanchnopleure. The vascular network developed over the peri-

blast and in intimate connection with it, in the ova of many species of

fishes, is also splanchnopleural and homologous with the area vasculosa

or omphalomeseraic meshwork developed over the yelk of higher forms.

Of the correctness of this homology I think there can scarcely be any
doubt whatever.

The yelk of Clupea, and of Teleost embryos generally, it may therefore

be said, is intra-abdominal ; it is excluded from direct connection with

the intestine, but remains adherent to it for a considerable time by its

inferior face, through the intermediation of the periblast immediately

underlying the intestine. The yelk is almost naked were it not for the

thin syncytium, known as the periblast, and which, on the lower and
lateral portions of the yelk, can hardly be considered to rank as a true

membrane on account of the widely-scattered or diffused nuclei it con-

tains. The splanchnopleure (= periblast) of osseous fishes is therefore

rudimentary or very feebly developed over the vitellus, so that the lat-

ter may be considered to be intra-abdominal, not only because there

is no umbilical stalk developed, but also because it is very imperfectly

inclosed by the splanchnopleure.

The chorda is unusually well developed in Glupea and forms a mas-

sive axial rod at the time of hatching, as shown in cross-section at

ch, fig. 121, and for its whole length in fig. 148. Derived as already

stated from the median dorsal part of the hypoblast, it retains its con-
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nection with the last-named layer longest at its posterior extremity, as

shown in fig. 98. After the tail begins to bud out, however, its inti-

mate connection with the hypoblastic layer is broken, and it then termi-

nates after becoming somewhat enlarged in the cellular terminal mass
in which the lateral myoblastic m, neural JV

r
, and post anal section of the

gut % terminate, as shown in cross-section in fig. 104, and in vertical and

transverse optic section in figs. 103 and 113. The histological differentia-

tion of the chorda has already been described by Knpffer, Kowalevsky,

and others, so that there is no occasion for me to redescribe it, as it takes

place in very nearly the same way in the embryos of all Chordata. The

cells of the chorda of Clupea are, however, unusually large and contain

very spacious cavities, in which no coagulable albumen is present.

The later stages of the development of Clupea involve mainly the

completion of structures, the rudiments of which were laid down during

the evolution of the stages already described.

The renal apparatus of the larval shad is extremely simple, and con-

sists, at the time the tail begins to bud out, of a pair of parallel tubes

differentiated from before backwards from the outer portions of the

mesoblast at the time it splits into somatopleure and splanchnopleure.

The segmental ducts sd finally lie just above the somatopleural peri-

toneum and extend from a little way behind the pectoral plate pp, fig.

113, or the pectoral fins, fig. 148, to a point just behind the vent where

they debouch into a common cavity, the urinary bladder which opens

outward behind the vent. At their anterior extremities the segmental

ducts terminate in a single nephridial funnel which opens into the body

cavity, the mouths of the pair of funnels being directed backward and

inward, so that the anterior extremities of the ducts are bent upon

themselves in the form of a shepherd's crook.

The development of the cranium is not precocious, and its primary

cartilaginous elements are not very apparent until after hatching. The
most obvious portions are the trabecule Tr, figs. 142, 143, and 144,

the branchial bars i, ii, Hi, iv, and v, and the hyomandibular arch, com-

posed of the hyomandibular Hm, interhyal III, quadrate Q, symplectic

Sy, Meckel's cartilage Ml; and the cerato- and glosso-hyal elements Ch
and Gli. The auditory vesicles An are quite large, but are not entirely

invested by cartilage ; only the outer and inferior aspects being closed in

by chondrified tissue, as shown in cross-section in fig. 147, which was

prepared from a larva about six days old. Fig. 144 represents a very

nearly mesial longitudinal section through the head of a just-hatched

larva, in which the positions of the cranial cartilages crossing the

middle line are indicated. Fig. 143 represents the cranial cartilages

of a slightly older larva constructed from a series of sections. Fig.

142 represents the cranial cartilages of a still more advanced larva, in

which the antorbital process Ao and trabecular rostrum R are more
strongly developed. The branchial and hyomandibular arches have

also reached a considerably greater development than in the preceding
IS. Mis. 70 34
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stage, while the anterior end of the notochord has become more com-

pletely covered by the parachordal cartilages. This inclosure of the

anterior extremity of the chorda by the parachordal elements pa is more

distinctly displayed in figs. 146 and 147, plate xxi, drawn from cross-

sections of the same stage as that represented by fig. 142. The teg-

men cranii Tc, fig. 142, is not developed during the earlier stages, shown

in figs. 143 and 144. The palatopterygoid is not present until the stage

represented by fig. 142 is attained, or perhaps even later. An element

which I identify as palatopterygoid is present in the cross-section rep-

resented in fig. 145, and has been cut through just below the eye atpt.

This element, at any rate, seems to be developed quite independently

of any connection with the hyomandibular.

The heart at the time of hatching opens directly into the cleavage

cavity (= body cavity), as represented in fig. 144, and it is not until

some days after hatching that connection is established between its

venous end and the jugular and portal veins jf, and pv, as shown in

fig. 152. The yelk seems to be absorbed by the heart and portal ves-

sels, which pass above it, and its anterior end is finally drawn out into

a pointed process, which is directed toward the heart, as shown in fig.

152. I have witnessed the budding of free cells from the periblast p
in the stage represented in fig. 144, and have, also, seen such cells pass

directly into the cavity of the heart, though there was, as yet, no com-

plete circulation.

The other visceral organs are differentiated as appendages of the

alimentary canal. The first and most conspicuously developed is the

liver L, figs. 133, 148, 150
v
and 152, it being formed as an outgrowth

of the ventral wall of the intestine. Just a little distance behind the

posterior extremity of the liver, the alimentary canal is constricted at

py; this marks the point just behind which the pyloric appendages will

grow oat. Just in advance of the pyloric constriction, and on the dor-

sal side of the oesophageal portion of the alimentary canal, the air-blad-

der grows out as a saccular diverticulum of the intestinal wall at ab, fig.

133. The first traces of the air-bladder do not appear until some days

after hatching, and the same may be said of the gall-bladder Gb, fig.

133, which is formed at the anterior end of the liver. In the course of

about three weeks the metamorphosis of the visceral organs is nearly

completed, as may be gathered from fig. 131, as this figure represents

the pneumatic duct pn, posterior end of the oesophagus oe, the rudi-

mentary stomach st, and the pylorus py of a young shad nearly an inch

long and three weeks old, reared in confinement. There are still no

pyloric cteca, but the permanent form of the alimentary tract of the

Clupeoids is already very clearly apparent.

We may now review the principal and most striking changes in ex-

ternal form which the young shad undergoes within the egg. Starting

with the phase represented in figs. 137, 138, 139, 140, and 141, when

the first trace of the embrvo becomes obvious at one side of the blasto-
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derm the embryo is finally quite distinctly outlined when the stage

represented in figs. 101 and 102 is reached. A little later the tail be-

gins to bud out as shown in fig. 103. Later still, and usually by the

end of the second day, the young fish has reached the condition repre-

sented in fig. 126. Somewhat later the stage represented in fig. 127

is attained. The yelk is still quite large at this time and the peritoneal

or segmentation cavity so is obvious. At this time the horizontal folds

which give rise to the pectorals appear, as shown in fig. 128 from above

and in diagrammatic section in figs. 129 and 130. A more advanced

stage of the development of the pectoral fin is represented in fig. 134,

at which time it begins to be rotated on its own base. As a result of

this rotation, its posterior or metapterygial border becomes directed

downward, while its anterior or propterygial border is directed upwards

or dorsally. Shortly after the stage represented in fig. 136 is reached

the young fish leaves the egg. By the time this stage is reached the

mouth is open, but there is no open or free passage through the oesopha-

gus. The gill and hyomandibular arches are obvious, though the bran-

chial clefts are still very narrow. After hatching, as shown in fig. 149,

the tail of the larva is perfectly lophocercal and shows no well-marked

signs of heterocercality until some time after the absorption of the yelk.

The larva now measures 10mm in length. Fig. 148 represents a stage

about two days older than that shown in fig. 149, and in which the

gill-arches and jaws are more fully developed, so that the mouth is

opened and closed voluntarily by the young fish. A feeble branchial

respiration is established about this time. The auditory vesicles are

now fully differentiated and the semi-circular canals, otoliths, and audi-

tory end-organs of the seventh nerve are developed as shown in fig.

132. Two pairs of recurved teeth have also been developed in the

lower jaw at this stage.

At the end of about the fifth day the yelk has been almost entirely

absorbed; only a small fusiform mass of vitelline matter, Y, fig. 151,

remains and causes the ventral wall of the abdomen to bulge down-

wards behind the pectoral fins. By this time the mesoblast begins to

proliferate into the median dorsal fin-fold to form the foundation of

the permanent dorsal, as indicated at the base of the widest portion of

the dorsal fold in fig. 151. On the thirteenth clay a decided notch at the

posterior end of the future dorsal, as shown in fig. 133, marks the point

in advance of which that fin will be formed. In the course of twenty-

one to twenty-eight days the young shad has about completed its meta-

morphosis, when it is still much slenderer than the adult, though it has

all of the fins developed, even the ventrals, which grow out quite late

and about midway between a vertical passing through the pectorals

and another passing through the anus. In six months the larvse of the

shad, if kept where they can find an abundance of small Crustacea, in-

sects, &c, will grow to a length of 41 inches. By the time they reach

that size they are readily recognizable by their external characters as

appertaining to this species.
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The gill-clefts remain uncovered for a long time, as shown in figs.

150, 151, and 153, but by tbe twenty-first to the twenty-eighth day the

opercular folds have grown to such an extent that the clefts and gills

are quite concealed from observation externally. When the fish reaches

that stage of development it measures 22mm in length, or not far from

an inch, and has a heterocercal tail in which the permanent rays are

well developed, as they are in all of the fins except the ventrals. The
first obvious intimation of heterocercal ity in the larval shad appears on

the seventeenth day, as shown in fig. 150, representing a rather stunted

larva measuring 14mm in length. The fopd during the later larval stages

does not accumulate in the stomach, but accumulates in the intestine J,

just behind the pylorus, as shown in fig. 150. It is only after the young
fish acquires mobility of its jaws that it begins to feed, and after the

small teeth already mentioned have appeared; indeed, the larvae about

this time occasionally become so ravenous that they have been known
to attempt to eat each other, and finally strangle in their efforts at con-

summating cannibalism.

The temperature at which the ova of the shad develop normally ranges

from about 55°, or perhaps slightly less, up to about 80° Fahr. Experi-

ments made to determine the lowest temperature at which normal de-

velopment would take place gave some very interesting results. It was

found that at a little below 52° Fahr. abnormalities of various kinds were

sure to appear. Some of these I have figured from micro-photographs

on plate xviii. Figs. 122 and 123 show how the development of the

tail and notochord was impaired when the embryos were subjected to a

temperature ranging from 45° to 48° Fahr. Fig. 124 shows how the

development of the blastodisk became impaired when subjected to the

same low temperature.

A great variation in the period of hatching of this species is caused

by variations in the temperature of the water during the hatching sea-

son; for example, at. 74° Fahr. hatching occurs in about seventy hours

;

at 04.5° Fahr. in one hundred and nine hours ; at 57.2° Fahr. in one hun-

dred and forty-eight hours or over six days. 1 have known it to require

seventeen davs for the ova of the shad to hatch when the average tem-

perature of the water was 53.75° Fahr. In ordinary pleasant spring

weather the eggs usually hatch during the third or fourth day after

fertilization.

The first paper of note on the development of the shad was published

by the late Prof. H. J. Rice 46 in 1878. Since then the writer has pub-

lished additional observations 47 on the development and the retardation

of the development of the eggs and on the feeding 48 of this species.

46 H. J. Rice. Notes upon the development of tbe shad (Alosa sapidissima ?). Re-

port of a Commissioner of Fisheries of Maryland, January, 1878, pp. 95-106, pi. vi.

47 J. A. Ryder. On the retardation of the development of the ova of the shad.

Bull. U. S. Fish Com., i, 1881, pp. 177-190 and 422-424.

48 J. A. Ryder. Observations on tbe absorption of the yelk, the food, feeding, and

development of embryo fishes. Bull. U. S. Fish Com., ii, 1882, pp. 179-205. One fig-

ure in text.
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The illustrations accompanying the present note on the development
of Clupea sapidissima have been drawn in part with the camera lucida at

various times during the last five years; a number are redrawn from a

series of very successful micro-photographs made by Mr. T. W. Smillie,

under the direction of the author.

XVIII.

—

Ictalurus albidus (Le Sueur) J. & G. ( White Cat-fish
;

Channel Cat of the Potomac.)

I have already given a short account of the development of this

species elsewhere,49 but as the many remarkable phases presented by
its larval growth cannot be understood without illustrations, I will now
give a fuller and more detailed description, with such figures as are

ready for publication.

A number of individuals of this Siluroid were brought from the Poto-

mac Eiver to the Armory Building in the spring of 1883, and deposited

in the large aquaria in that institution at about the close of the shad-

hatching season of that year. One pair of these fishes afterward

spawned while in confinement, and thus afforded the writer the oppor-

tunity of observing and describing some of the more interesting phases

of development of this singular family of fishes. There has hitherto

been little attention paid to the development of this type, probably

from the lack of opportunity ; and these notes may therefore prove of

interest to naturalists. The literature of the subject is scanty; and,

besides a paper by Jeffries Wyman 50 on the development of Aspredo

IcBvis and Bagrus, I know of no separate essays on the development of

this group, except some remarks in Giinther's Introduction to the Study
of Fishes, and in his article Ichthyology, ninth edition of the Encyclopae-

dia Britanuica, on the development of Arius. An egg of this genus is

there figured in an advanced state of development, from which it ap-

pears that this form is very similar in its embryological features to

JEluriehthys, some ova of which are in my possession, measuring three-

fourths of an inch in their longest and five-eighths of an inch in their

shortest diameter. Arius and JElurichthys are marine forms, and the

males have the habit of carrying the ova in the hinder part of the

oral cavity or branchial region until the young are hatched. These

marine species, however, have only a few very large ova so concealed

in the mouth of the male at one time. They are probably far less pro-

lific than the species the development of which is about to be described.

The adults were kindly identified for me by Professor Gill. Its habits

of spawning and care of the young are probably characteristic of all of

the species of the genus, of which there are said to be eight found within

the limits of JSTorth America.

49J. A. Ryder. Preliminary notice of the development and breeding habits of the

Potomac cat-fish, Amiurus albidus (Le Sueur) Gill. Bull. U. S. Fish. Com., iii, 1883,

pp. 225-2:50.

50 J. Wyman. On some unusual modes of gestation. Am. Journ. Arts and Sciences,

xxvii, 1859, pp. 5-13.
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On the morning of the 13th ofJuly, a little after 10 o'clock, we noticed a

mass of whitish eggs in one ofour aquaria inhabited by three adult speci-

mens of Ictalurus albidus, two of which were unmistakably the parents of

the brood, for the reason that they did notpermit the third one to approach

near the mass ofeggs which one ofthem was watching vigilantly. One of

the individuals remained constantly over the eggs, agitating the water

over them with its anal, ventral, and pectoral fins. This one subsequently

proved to be the male and not the female, as was at first supposed. The

female, after the eggs were laid, seemed to take no further interest in

them, the whole duty of renewing and forcing the water through the

mass of adherent ova devolving upon the male, who was most assidu-

ous in this duty until the young had escaped from the egg-membranes.

During all of this time, or for a period ofabout a week, the male was never

seen to abandon his post, nor did it seem that he much cared even after-

words to leave the scene where he had so faithfully labored to bring

forth from the eggs the brood left in his charge by his apparently care-

less spouse. The male measured 15 inches in length, the female a fourth

of an inch more.

On the 30th of June, or when the young were seventeen days old, it

was determined to make an examination of the internal organs of both

parents, which was done in the presence of Professor Gill, to learn which

one of the parent fishes it was that had acted as nurse. Fortunately

there was considerable difference between the two in color ; the female

had also lost a part of one maxillary barbel, so that it was easy to dis-

tinguish the two fishes apart. The darker specimen, with the broader

head, we found was the male, which, as already stated, had acted as

the nurse. Upon cutting him open and removing a portion of the milt

or testes they were found as a lobulated pair of organs, lying one on

either side of the mesentery and depending from the dorsal wall of the

abdominal cavity. The lobes of the testes were digitate. Upon com-

pressing fragments of the testes under the microscope, active sperma-

tozoa wrere passed out. The spent roe or ovary of the female was a

paired organ, the right and left sacs of which were joined together pos-

teriorly. The ovarian lobes or leaflets were disposed transversely in

the sacs.

The mass of ova deposited by the female on the 13th of July in one

corner and at one end of the slate bottom of the aquarium measured

about 8 inches in length and nearly 4 inches in width, and was nowhere

much over one-half to three-fourths of an inch in thickness. There were

probably 2,000 ova in the whole mass, as nearly as could be estimated.

The single ova measured about one-sixth of an inch in diameter a short

time after oviposition.

The ova were covered with an adhesive but not gelatinous envelope,

so that they were adherent to the bottom of the aquarium and to each

other where their spherical surfaces came in contact, and consequently

had intervening spaces for the free passage of water, such as would be
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found in a submerged pile of shot or other spherical bodies which had
been piled in a heap. It was evident that the male was forcing fresh

water through the interstices in this mass of eggs by hovering over it

and vibrating the anal, ventral, and pectoral fins rapidly.

All of the ova left in the care of the male hatched, while about one-

half of the mass which he had detached from the bottom of the aqua-

rium on the third day, during some of his vigorous efforts at changing

the water, were transferred to another aquarium, supplied with run-

ning water, and left to themselves. Those which were hatched by the

artificial means just described did not come out as well as those left to

hatch under natural conditions. Nearly one-half of the former failed

to hatch, apparently because they were not agitated so as to force fresh

water through them and kept clean by the assiduous attentions of the

male parent.

The eggs measure about one-sixth of an inch after the large water

space is formed, which is normally developed in this, as in the ova of

other fishes, after fertilization, the zona radiata being lifted up some-

what from the vitellus. The vitellus measures one-eighth of an inch in

diameter. The egg-membrane is double, that is, there is a thin inner

membrane representing the zona radiata, external to the latter and
supported on columnar processes of itself which rest upon the inner

membrane ; there is a second one composed entirely of a highly elastic

adhesive substance. The columns supporting the outer elastic layer

rest on the zona and cause the outer layer to be separated very dis-

tinctly from the inner one. It is these elastic columns and the elastic

outer adhesive membrane which permits the adult fish to shake and
move the mass of ova so violently without injury to the embryos in

process of development within. This peculiar double egg-membrane,

with a well defined space between its inner and outer layers, is highly

characteristic, and bears no resemblance to the thick, simple zona in-

vesting the egg of JElurichthys, nor has anything resembling it ever

been described, as far as I am aware, in the ova of any other Teleos-

tean.

The germinal disk was formed at the upper pole of the vitellus im-

mediately after oviposition and gradually spread in the usual manner
over the lower pole of the opaque, whitish, granular, vitelline globe.

In the early part of the second day the body of the young fish was dis-

tinctly outlined and the tail had grown out to a considerable length,

and before the body of the embryo had encircled much more than one-

fourth of the circumference of the vitellus, as shown in figs. 154 and
155—the first figure being drawn from a hardened embryo of the

second day, viewed as an opaque object and the second from a living

embryo of the same age, viewed as a transparent object. On the third

day, the tail of the embryo had acquired considerable length, as shown
in fig. 159, and its free extremity was moved from side to side grace-
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fully and rhythmically through the contents of the water space sur-

rounded by the zona.

The water space from the first was filled with an immense number of

free refringent but very minute corpuscles, which made it difficult to

make out the form of the embryo during the early stages, unless the

zona was first removed. These corpuscles were not of the nature of

blood cells, and seemed to become less abundant toward the close of

the period of development within the egg. So abundant were these

corpuscles at first, coupled with the opacity of the vitellus and the

peculiar whiteness of the germinal matter, that even an experienced

observer would be led to suppose at first that all of the eggs were

bad, having the "rice-grain" appearance of blasted shad ova. The
corpuscles mentioned are visible in sections of the entire egg of lc-

talurus, and are very abundant in the water space forming adherent

masses. In life the movements of the tail of the embryo cat-fish whirl

these corpuscles about in the water space in clouds, so that it seems as

if a whitish sediment was being constantly stirred up within the egg-

membrane. The presence of vast numbers of such bodies of plasmic

origin within the egg-membranes of Teleosts it seems had not been ob-

served in any other form up to the time that the writer had published

his observations on the development of the cat-fish. Recently, however,

it has been found by Solger 51 that they are present in the water space

of the ova of other species, especially of Leuciscus rutilus. These

corpuscles becoming less abundant toward the close of the hatching

period is very probably to be accounted for on the supposition that

they are taken up and appropriated by the epiblastic tissues of the em-

bryo by a process of intracellular digestion.

On the third day the vascular system begins to be evident, and the

heart h, figs. 156 and 157, is extended forward beneath and in advance

of the head over the anterior end of the yelk. A pair of vascular arches

(Cuvierian ducts) are soon formed just in advance of the rudiments of

the pectorals. These vessels grow outward and split up into vitelline

capillaries and eventually join a median ventral vitelline vessel which

empties into the venous end of the heart, as shown in figs. 163 and 164.

The mouth is not yet open on the second day, fig. 155, but at this

stage if the embryo be removed from its envelope and viewed as an*

opaque object, the rudimentary branchial arches and clefts, fig. 154,

&, are visible. The first traces of the pectoral thickenings or outgrowths

2>, in advance of the lateral extensions of the muscular somites of the

body, are evident at this stage. The eyes e, fig. 154, are unusually

small for young fishes at this stage, and remind one of the compara-

tively small eyes of embryo sturgeons, bony gars, and amphibians. The
choroid fissure is prolonged obliquely downward and forward on the

second day, as shown in fig. 155.

51 B. Solger. Dottertropfen in der intracapsuliircn Fliissigkeit von Fischoieru.

Arch. f. ruik. Auat. xxvi, 1885 pp. 321-334.
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On the third day the mouth is wide open, figs. 156 and 157, and the

branchial clefts b, fig. 158, are developed with a free circulation through

the arches. The opercular folds op, fig. 159, which lead to the forma-

tion of the opercles of the adults, are also beginning to be quite obvious.

The caudal part of the aorta and caudal vein are also developed at this

stage, and the intersegmental vessels are formed a little later, from

which loops run out into the mesoblast of the median fiu-folds.

Tbe pectoral fin is formed as a lateral outgrowth p, figs. 158 and

159, just in advance of the inferior and lateral extension of the muscu-

lar segments m m, which eventually form the muscular portions of the

lateral body-walls. In this early condition the pectoral is a mere flat,

immobile lobe, into which muscular and other mesoblast has prolifer-

ated ; it also begins to show evidences of a slight rotation or torsion on

its own base. At its base and a little way toward the middle line of

the embryo there is a patch of thickened epiblastic tissue composed of

very large cells. This is the rudiment of a peculiar integumentary or-

gan, situated in the adult above the base of tbe pectoral aud behind

or upon the shoulder girdle, and is composed of a series of vesicular

cavities which contain particles of calcareous matter.

The development of the median fins is very similar in character to

that usually observed in other forms. On the second day the median

natatory fold began to grow out on the dorsal and ventral sides of the

embryo and over the end of tbe tail. By the end of the third day the

median fin-fold was well developed, and the tail had not yet exhibited

any inclination to become heterocereal.

The remarkably developed barbels of the embryos of this species make
their appearance very early, especially the maxillary pair; these appear

on the second day as a pair of bosses or thickenings of the epiblast at

points near where the future angles of the mouth will be situated. On
the third day this pair of barbels is developed as flat prominent lobes

bl at the angles of the mouth, as shown in figs. 156, 157, and 158. The

barbels on the lower jaw do not appear till the fourth day of develop-

ment is completed, as shown in fig. 152. The last of all to be devel-

oped is the nasal pair, which grow out at the anterior side of the pos-

terior nareal openings, as shown in fig. 164; this pair does not appear

until the seventh day. The development of a cartilaginous axis in the

barbels takes place as early as the formation of the other portions of

the chondro-skeleton, but the fuller description of these supports of the

barbels will be postponed until I come to the account of tbe cartilagi-

nous cranium, with which the cartilages found in the barbels are in in-

timate relation.

The nasal pits, or the first traces of the olfactory organs of Ictalurus,

appear on the second day as a pair of thickenings of the epiblast, just

in advance of the eyes. On the third day they are visible as a pair of

much antero-posteriorly elongated depressions or pits, in the same lo-

cation, as shown in fig. 160. On the fourth day the edges of the elon
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gated olfactory depressions begin to grow toward each other in the

middle, and by the fifth day a bridge is formed across the nasal sack,

so that an anterior and posterior opening is left, corresponding to the

anterior and posterior nostril of the adult.

Hatching occurs on the sixth day, at which time the embryo presents

the appearance shown in fig. 163, when viewed as a transparent object.

It now measures 9mm in length, or somewhat over a third of an inch.

The heart is now prolonged downward over the anterior pole of the yelk.

The branchial arches are quite hidden by the downward and backward

extension of the opercular folds. The tail has also become decidedly

heterocercal, and distinct indications of the future permanent caudal

rays are developed. The anterior dorsal fin is also becoming evident,

just behind the head, where mesoblast has begun to proliferate into the

median dorsal fin-fold.

On the seventh day, as shown in fig. 164, the fins have undergone

still farther development. The pectoral has completed its rotation,

and the anterior dorsal and the anal fins are outlined. The caudal lobe

is wider and its rays more evident. The entire set of four pairs of bar-

bels is also now evident, and a more intricate meshwork of vessels

traverses the surface of the yelk.

On the eighth day, as shown in fig. 165, the yelk has diminshed

somewhat in size. The anterior dorsal is now also sharply defined, and

some distance behind it the dorsal fin-fold is widening at the point

where the second or soft dorsal will be formed. The ventral fins have

also appeared as a low horizontal fold at the ventral side, between the

vent and the yelk-sack. The rudiments of permanent rays are also evi-

dent in the pectoral.

On the ninth day, as shown in fig. 166, the ventral is a more pro-

nounced lobe than on the preceding day, but no rays have yet made
their appearance. The upper or first ray of the pectoral is also now
developed as a spine, and the position of the soft dorsal is indicated by

a decided notch at its posterior extremity.

On the tenth day the permanent rays of the dorsal become clearly

defined, as shown in fig. 167, and the ventral has become somewhat

more prominent. The yelk is now rapidly disappearing, and by the

eleventh day comparatively little is left to distend the abdomen, as

may be noted in fig. 168, representing a young Ictahirus of that age.

At this stage the rays of the ventral begin to be apparent, while those

of the pectoral, dorsal, anal, and caudal are clearly differentiated; acces-

sory caudal rays are also beginning to be formed, and the nasal bar-

bel is conspicuous.

Ou the fifteenth day all of the fins are well developed and permanently

outlined, but the lower lobe of the caudal is still shortest, as shown in

fig. 169. Five days later the lower lobe of the caudal is somewhat

longer, as shown in fig. 170. The anterior spinous ray of the first dor-

sal and of the pectoral is now developed, and the latter has assumed a
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nearly horizontal position. The young Ictalurus is now twenty days

old and would be readily recognized as possibly belonging to one of

several American genera, though at this stage it resembles most nearly

the adult of the genus AToturus, indicating that the latter is a less

specialized type than the one here under consideration.

When the young Ictalurus is eighty-eight days old, as shown in figs.

171 and 172, from the side and from above, its external generic fea-

tures become distinctly apparent. The anterior dorsal spine and the

pectoral spines, armed posteriorly with recurved hooks, are now devel-

oped. The post-scapular process is evident beneath the skin and tbe

air bladder forms a strongly marked rounded prominence just behind

the shoulder girdle, where it presses the body-wall outwards. The soft

dorsal is now quite free and sharply defined posteriorly, and the pig-

mentation, which has gradually increased in depth since the time of

hatching, is now very nearly that of the adult. At this stage of devel-

opment the young fish measures lO.o 111111 in length. At the end of one

hundred and twelve days theyouug of Ictalurus, measures 25mm in length,

or about 1 inch. When one hundred and seventy days old the young

fish measures 35uim in length. These two stages I have not figured, since

the resemblance to the adults is sufficiently obvious in fig. 171, repre-

senting a much younger individual. The young of Ictalurus therefore

more than double their length in eighty-two days, and nearly quadruple

it in one hundred and sixty-four days after hatching, as the foregoing

data demonstrate.

On the fifteenth day after oviposition it was found that the young fishes

would feed. While discussing with the writer what should be provided

for them Mr. J. E. Brown threw some pieces of fresh liver into the

aquarium, which they devoured with avidity. It was now evident that

they were provided with teeth, as they would pull and tug at the frag-

ments of liver with the most dogged perseverance and apparent feroc-

ity. This experiment showed that the right kind of food had been sup-

plied, and as they were then fed, up to August 1, with nothing else with-

out our losing a single one of the brood, nothing more in the way of

food seemed to be required.

It is worthy of note that when pieces of liver were thrown into the

aquarium the parent fish would apparently often swallow them, with

numbers of his offspring eating at and hanging to such fragments. I

was soon agreeably surprised to find that the parent fish swallowed

only the meat, and that he invariably ejected the young fish from the

mouth uninjured, as he seemed to be able to discriminate, instinctively

and before deglutition occurred, between what was his proper food and

what were his own young. As soon as the young began to feed they

commenced to disperse through the water and to all parts of the aqua-

rium, and to manifest less desire to congregate in schools near the male,

who also abated his habit of fanning the young with his fins, as was his

wont during the early phases of development,
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The air-bladder became perceptible through the semi-transparent

bodies of the young on the tenth day, as a dorsal outgrowth of the back

part of the oesophagus, and is placed far forward, a little above and

behind the level of the insertion of the pectoral fins, and as it grew more

capacious the young fish commenced to swim higher in the aquarium.

When first hatched, and for some days afterwards, tbe young fish ex-

hibited a great tendency to gather together in a dense school.

Of the development of the viscera I shall have but little to say at

present. The intestine is not prolonged backwards very far beyond

the posterior end of the yelk-sack. On the thirteenth day the greenish

secretion of the liver can be seen in its cavity.

The liver is developed on the ventral side of the intestine and very

soon displaces, more or less extensively, the coarsely granular yelk

below it. It is crowded into the anterior end of the yelk-sack close to

the heart, at first growing downward and outward on the left side as a

rather elongated structure lying between a vertical traversing the hinder

part of the opercles anteriorly and a vertical cutting through the

shoulder girdle posteriorly. A capillary network of vessels traverse

the liver and pour their contents directly into the vitelline or portal

system of vessels which convey the blood back to the heart.

Behind the vent a distinct urinary duct could be seen by the sixth

day, and by the tenth day the urinary bladder was developed in the

usual position in the extreme hinder portion of the body cavity and

just behind the posterior section of the gut. The renal apparatus was

present and had reached an advanced stage of development on the

tenth day, urinary tubules and glomeruli being found in advance of the

air-bladder, and also behind it.

In the upper posterior part of the gill-cavity of either side a large

glandular organ is found on the tenth day, which is undoubtedly the

thymus glaud ; it is embedded only in the posterior part of the upper

wall of the gill-chamber.

The air-bladder is formed as an outgrowth of the dorsal wall of the

fore-gut. The saccular diverticulum, from which this organ is formed,

acquires a lumen about the fifth day after the commencement of devel-

opment, and on the tenth day the organ presents the form of a depressed

oval sack. By the twentieth day the hinder end of the air-bladder be-

comes emarginate and shows traces of the bilobed character which it

presents in the adult. By this time also the muscle plates overlying its

exterior right and left aspects have aborted more or less completely, so

that its walls come into close juxtaposition with the integument just

behind the shoulder girdle.

The cranium of Ictalurus albidus when ten days old I have figured on

plate xxx. At this time its principal elements are represented by car-

tilage, though the membranous representatives of parostoses are rap-

idly developing external to the chondrified parts. None of these have

been represented in fig. 173. This drawing was made from a series of
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superimposed outlines of the cartilages of the skull, as cut at successive

levels iu a series of sections of uniform thickness, extending from the

outer side of the head to the middle line. Stereograms of this character

may be readily constructed with the aid of the camera lucida from a se-

ries of sections, if a uniform amplification is employed and patience and

care is exercised in drawing the outlines.

It will at once be noticed that, as compared with the chondrocranium

of Salmo, as figured by Parker,52 or of Gambusia, as figured by my-

self,
53 the cartilaginous cranium of Ictalurus presents some very impor-

tant modifications. These involve mainly the structure of the palatop-

terygoid arch PIPt, which is composed in Ictalurus of two pieces in-

stead of one. The narrow bar T Cr, representing the tegmen cranii

in Ictalurus, is much wider in both the other types named, and the build

of the skull in the type here described is complicated by the presence of

no less than three pairs of cartilaginous appendages for the support of

the barbels, representing chondrified elements which are probably not

found in the skulls of young fishes of any other type. The skulls of

the Nematognathi are therefore distinguishable from those of other or-

dinal groups of fishes at a very early period of development.

The chondrocranium of the young Ictalurus, as a whUe, is depressed,

but relatively far less so than in the adult. The auditory apparatus is

quite completely covered in laterally and inferiorly by a cartilaginous

investment in the region marked Au. Below and mesially, the para-

chordal elements Pa C are found, although now quite completely fused

with the audi tory capsules laterally and the trabecular bars Tr anteriorly.

The cartilaginous brain box is perforated laterally on either side in the

exoccipital region to give passage to the ninth and tenth pairs of nerves

at IX and X. In advance of the articulation of the hyomandibular bar,

Hm, there is a large lateral fenestra in the cranial box through which

the second or optic, the fifth or trigeminal, and the seventh or facial

nerves pass at II, \, and VII. Just in front of this is the orbit 0, and

forming its lower inner walls is seen the chondrified plate Ps destined

to form the presphenoid. In front of the orbit there is a high ect-

ethmoidal ridge, EE, in advance of which lies the olfactory fossa 01.

Anteriorly the skull terminates in the trabecular rostrum B. There is

a wide fontanelle behind the tegmen cranii or frontal bridge, and a

smaller one in front of it. These fontanelles persist in the median line

as narrow clefts, partly separating the frontals in the ossified cranium

of the adult. At the posterior end of the cranial box and in the median

line, the supraoccipital, so, is developed as a separate block of cartilage.

The extent to which the chorda js prolonged iuto the base of the skull

is indicated by the dotted line below the auditory capsule Au.

62 W. K. Parker and G. T. Bettany. Morphology of the skull, London, 1877, p. 59,

fig. 17.

" J. A. Ryder. Development of Viviparous Oss. Fishes. Proc. U. S. Nat. Mus., 1885,

pi. x, pp. 150-151.
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The appendicular skeleton of the cranium, or the cranial visceral

arches possessing endoskeletal supports, are apposed to theinfero-lateral

parts of the skull at the anterior part of the auditory region.

The most important of these arches is the compound hyoid and man-
dibular, supported by a common hyomaudibular element, Hm, which

abuts with its upper end upon the anterior wall of the auditory capsule.

Iuferiorly the hyomandibular gives support (1) to the mandible, now
entirely constituted of Meckel's cartilage, il/fr, but around which articu-

lar, angular, and dentary parostoses are subsequently laid down in

membrane; and (2) to the hyoid arch, through the intermediation of a

short cylindrical element, the interhyal I Hy, which in its turn sup-

ports a series of elements consisting of the ceratohyal G Hy, hypohyal
H Hy, and urohyal G Hy.
The changes which the hyomandibular has undergone in the course

of further development are quite complex. The principal portion -of

the upper half becomes the ossified hyomandibular element of the

adult, an articular knob being formed on its posterior border, which

supports the operculum. Its inferior half represents the quadrate of

authors. Between the quadrate and hyomandibular portion the carti-

lage representing the symplectic does not seem to be well distinguished.

The inner, upper, anterior part of the hyomandibular bar takes part in

the formation of the hinder part of the pterygoid, i. e., the metaptery-

goid of the adult. The ecto- and entopterygoid are apparently differen-

tiations of the posterior separate element of the palatopterygoid arch

PI PL
The branchial arches are five in number; the posterior is imperfectly

developed above. At the inner ends of the posterior branchial bars

are placed a pair of epipharyngeal plates, Phb, bearing teeth even at

this early stage. The branchial bars are not yet definitely segmented
into their lateral elements. Cartilaginous copula? or basibranchials, B
jB, are present in the floor of the branchial region, as shown in section

in fig. 174.

A very remarkable series of cephalic appendages now remains to be

described. These are the maxillary, nasal, and mental barbels. Of
these the nasal pair only is not represented in cartilage at the stage of

development here under consideration, but even this one develops a

chondritied axial support at a later stage.

Whether the endoskeletal part of the upper end of the so-called max-

illary barbel in reality represents the maxillary bone of other fishes

seems somewhat open to doubt, as the proximal ossification of the car-

tilaginous support of this barbel would give this element in the cat-

fishes a cartilaginous origin, which is at variance with what is known
of the development of its homologue in all other forms of Teleosts, in

which it arises as a membrane bone. True, it ossifies on the surface of

the cartilaginous support of the barbel, even in Ictalurus, yet it is barely
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possible that the so-called atlnasal of McMurrich,54 may, if not actually

a part of the suborbital chain, as he surmises, in reality represent the

maxillary of other fishes, since this adnasal element is clearly a mem-
brane bone, while it is not altogether certain that the so-called "max-
illary" of the Nematognathi can be considered such. While the ossifica-

tion of the upper end of the cartilaginous bar Mxb is superficial, old

specimens of Ictalurus show that the cartilage is invaded and replaced

by the process, so that its terminal portion only remains cartilaginous.

The other barbels, viz, the nasal and the mental, are also occasionally

ossified at the base, especially in old specimens. Both the internal

pair of mental barbels lb and the external pair Eb are at first laid down
in cartilage in the embryo. The strongest argument in favor of regard-

ing the ossified basal parts of the lateral barbels as maxillary elements

is derived from a study of the distribution of the branches of the fifth

group of nerves as worked out by Wright,55 though it must not be for-

gotten that these organs in Siluroids are specialized as tactile organs,

and that they may therefore be richly supplied with nerves, in corre-

spondence with their high degree of specialization.

A longitudinal, median, vertical section through the head of Ictalurus

is represented in fig. 174, prepared from an embryo of the same age

as that used in working out the cranium represented in the preceding

figure. The brain is shown in mesial section and illustrates the rela-

tions of the cerebrum Cer anteriorly to the pineal body Pn just behind

it. The narrow midbrain mb is also shown, and upon which the re-

markably voluminous cerebellum Cb encroaches from behind. At an

earlier stage the great antero-posterior width of the cerebellum is far-

less obvious, so that it is quite clear that the excessive anterior exten-

sion of the cerebellum in the Siluroids is a result of the exaggerated

development or specialization of this portion of the brain of the ordi-

nary Teleostean type. The medulla oblongata mo is massive. The in-

fundibulum Inf departs but little in its form from that usually met with

in the embryos of osseous fishes. The cranial nerves and brain of

Amiurus has been so carefully described by Wright (op. cit.) that no

further discussion of this part of the subject will be entered upon here,

except to call attention to the disposition of the sacculus vasculosus 8
and the hypophysis My.

A mesial section of the heart is also displayed in fig. 174. The thin-

walled sinus venosus S V, the muscular ventricle Fc, and the bulbus aortoe

Ba, have been cut through. The tip of the liver i, crowded into a cav-

ity in the coarsely granular yelk F, is also shown, together with the more
homogeneous periblast P, which invests the mass of granular deuto-

plasm. The granules of deutoplasm in the yelk-sack are characteris-

51 J. P. McMurrich. Osteology of Amiurus, Proc. Canadian Inst. Toronto. N. S., ii,

No. 3, p. 278, pi. ii, fig. 1, An.
65 R. R. Wright. On the nervous system and sense organs of Amiurus. Proc. Cana-

dian Inst. Toronto. N. S.
;

ii, No. 3, pp. 3GG-3G8, pi. iv.
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tically firm in character, but globular instead of flattened and oval or

elongated, as in the ova of Ganoids, Amphibians, and Elasmobranchs.
The muscular bundles M M, cut through at several points, actuate or

belong to the pharyngeal, branchial, submaxillary, and hyoid regions

of the head. The intestine 7, oesophagus Oe, and air-bladder Ab, are

cut through in the middle line in the section here represented. The
anterior part of the chorda Ch has also been divided in the middle line,

and the rudiments of the three anterior centra x x x are seen to be
shorter than those which follow. Two of these centra eventually coa-

lesce with each other, and with the fourth and fifth form the co-ossified

anterior segment composed of four vertebral bodies in the spinal col-

umn of the adult. Some of the lateral processes and parts of the neural

arches of these co-ossified vertebras, especially the first, second, and third,

give rise, according to McMurrich, to the series of ossicles by which the

air-bladder and auditory apparatus are brought into intimate physiolog-

ical relations with each other.

The development of the shoulder girdle is remarkable from the cir-

cumstance that the coracoid portion originally laid down in cartilage is

excessively developed, extending downward as a great flat cartilagin-

ous blade, Cor, from the base of the pectoral fin, as shown in fig. 173.

In front of the coracoid the membranous basis of a parostosis is already

formed ; this is clearly the rudiment of the element termed the clavicle

by Huxley and Parker in other osseous fishes. The scapular portion 8c

of this cartilage is small, and is prolonged anteriorly into two cornua,

between which there is a well-marked glenal fossa in which the basal

ends of the pectoral rays are lodged 5 two nodules of cartilage, 1, 2, rep-

resent with some doubt, the actinosts. The metapterygial actinost, if

it be such, is the larger of the two and the most anterior, forming, in

fact, the basal part of the first pectoral ray which eventually becomes
developed as a strong spine. This relation of these nodules to the rays

would indicate that they were actinophores and that therefore true ac-

tinosts are not developed in Ictalurus.

The nomenclature followed above in naming the choudrified parts of

the shoulder girdle is that used by Huxley. Dr. Gill, however, regards

the whole cartilaginous plate 8c and Cor as scapula, but there is no sub-

division of this plate into hypercoracoid and hypocoracoid elements, but

it forms a solid piece, the upper part of which alone gives support to

the pectoral and the reduced actinosts, or perhaps rather actinophores,

already described.
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EXPLANATION OF PLATE I.

Gadus morrhua. (The Cod.)

Fig. 1. Young cod 5mm long showing the large supracephalic integumentary sinus ss

over the head and body ; i, intestine
; y, yelk. Viewed from the side, x 32.

Fig. 2. Same, viewed obliquely from in front to show the size of the sinus ss.

Fig. 3. Position of cod's egg in the water shortly after impregnation, showing the

polar cells, germinal plasma, and micropyle at inferior pole.

Fig. 4. Illustrating the inferior position of the blastodisk when the egg of the cod is

at rest at the surface of the water.

Fig. 5. Illustrating the slight rotation of the egg as the embryo is gradually length-

ened.

Fig. 6. Illustrating the quarter-rotation of the egg when the blastopore is about to

close, bringing the embryo into an inferior position.
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EXPLANATION OF PLATE II.

Fig. 8. Embryo Clupca vernalis on the second clay after hatching, x 32.

FiG. 9. Embryo golden ide, Idus melavotus,j nst hatched. 6.6mm long, x 20.

FiG. 10. Embryo gold-fish, Carasaius auratus. Five and one- half days after hatching.

x21.

FiG. 11. Head of a larval fish; a hybrid between the shad and rock-fish, the former

being the female and the latter the male parent, x 32.
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EXPLANATION OF PLATE III.

Fig. 12. Head of young Siphostoma fuseum.

Fig. 13. Developing egg of Elacate Canada, showing the spacious cleavage cavity 8 8,

Kupffer's vesicle lev, the chorda ch, the segments mm of the embryo, and the limbs

br of the concrescing blastopore, the oil-drop o, and the optic vesicles op.

Fig. 14. An earlier phase of the development of an egg of the same species.

Fig. 15. The unimpregnated ovum of the file-fish, Monacanthus broccus, showing the

position of the oil-drops and the form of the blastodisk.

Fig. 16. The developing ovum of the gold-fish Varassius aurulus, showing the extent

to which the embryo embraces the circumference of the vitellus. x 32.

Figs. 17 and 18. Other views of a similar stage of the same species.
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EXPLANATION OF PLATE IV.

Siphostoma fuscum. (The Pipe-fish.)

Fig. 19. A young embryo, in which the tail is still archicercal and the dorsal and pec-

toral fins are just developing.

Fig. 20. A still younger stage, in which the tail is just beginning to grow out.

Fig. 21. An older stage, in which the caudal fin is beginning to be formed.
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EXPLANATION OF PLATE V.

Apeltes quadracus. (Four-spined Stickleback.)

Fig. 22. Embryo in the egg, showing the asymmetrically disposed vitelline vessels.

Figs. 23 and 24. Other views of the same stage, showing the lateral position of the

heart.

Fig. 25. Dorsal view of a recently hatched embryo, showing the distribution of the

brown pigment blotches on the median line and the symmetry in the distribution

of the vascular channels on the dorsal side of the yelk.

Fig. 26. Side view of the same stage, showing the pigmentation and vascular loops in

the dorsal fin-fold.
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EXPLANATION OF PLATE VI.

FlG. 27. Young Apeltes one week old, with the lower lobe of the caudal developing

and becoming heterocercal.

Fig. 28. Recently hatched embryo of Esox reticulatus, showing the wide median fin-

folds, the distribution of vitelline vessels, and the course of the caudal and subin-

testinal veins.

Fig. 29. A much older stage of Esox reticulatus, in which the flat snout is becoming ap-

parent and the rudiments of the caudal, anal, and dorsal fins are becoming evi-

dent.
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EXPLANATION OF PLATE VII.

(Species No. 1.)

Fig. 30. Showing developing egg removed from its membrane. The spreading blas-

toderm has greatly constricted the yelk.

Fig. 31. A somewhat earlier stage of the same in its membrane, over a part of which
the adhesive covering of the latter has collected and formed a disk-like mass, by

which it adhered to a piece of leather.

Fig. 32. A more advanced stage of the same.

Fig. 33. A still more advanced stage, in which the distribution of the oil-drops is evi-

dent and Kupffer's vesicle is developed under the posterior end of the embryo.

Fig. 34. A larva which was developed from this same lot of eggs, three days after

hatching, showing the distribution of the pigment on the body, tail, and at the

junctions of the vessels of the yelk-sack.
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EXPLANATION OF PLATE VIII.

Fig. 35. Magnified view of an egg of the common yellow perch, showing the micro

-

pyle m, the thin zona radiata z, the thick, elastic, canaliculated or fibrillated

layer g, and the outer adhesive layer a.

Figs. 36 and 37. Views of ova of the white perch, in which the large blastodisk is

formed; also showing the way in which the adhesive covering of the egg forms

disk-like accumulations where they come in contact with each other or with flat

surfaces.

Fig. 38. A more advanced stage of the development of the same species, showing the

very thick blastoderm in optic section.

Fig. 39. A still more advanced stage of the same species.
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EXPLANATION OF PLATE IX.

Roccus amekicanus. (The White Perch.)

Fig. 40. The just hatched embryo, x 32.

Fig. 41. The young white perch one day old. x 32.

Fig. 42. The same, three days old. x 32.

Fig. 43. The same, five days old. x 35.

Fig. 44. The same, six days old. x 32.
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EXPLANATION OF PLATE X.

Scomberomorus maculatus. (Spanish Mackerel.)

Fig. 46. Cross-section through nasal region of young embryo ; na, nasal pit. x 65.

Fig. 47. Cross-section through region of the optic cms. x 65.

Fig. 48. Cross-section through mid-brain, trabecule cranii tr, and eyes, x 65.

Fig. 49. Section through a segmental sense-organ of the lateral line, x 250.

FlG. 50. Cross-section through back part of mid-brain, infundibulum, eyes, and optic

nerves, x 65.

Fig. 51. Cross-section through fore part of medulla oblongata, x 65.

Fig. 52. Cross-section through the auditory vesicle au, a segmental sense-organ 88,

front end of chorda, heart, and branchial region, x 65.

Fig. 53. Longitudinal vertical section through the head of an embryo near the me-

dian line ; h, heart
; p, periblast

;
pc, pericardiac cavity ; tr, cranial trabecula

;

o, space of oil-drop, x 65.

Fig. 54. Cross-section through the pectoral region ; sd, segmental duct
; p, periblast

;

p
1

,
pectoral fin. x 65.

Fig. 55. Cross-section through the tail. A segmental sense-organ has been cut

through at one side, x 65.

Fig. 56. Longitudinal nearly median vertical section through the head, trunk, and

yelk-sack of an embryo; ch, chorda; m, myotomes; ad, segmental duct ; al, uri-

nary bladder
;
pn, pronephric funnel ; i, intestine

; p, periblast ; o, space oc-

cupied by oil-drop ; h, heart
;
pc, pericardiac cavity ; tr, cranial trabecula. x 65.
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EXPLANATION OF PLATE XL

Ch-ETODIPTF.rus faber. (The Moonfish.)

Fig. 57. Blastodisk of an unimpregnated egg, viewed from the side.

Fig. 58. Mature egg, showing the position of the oil-drop, and with the blastodisk

formed.

Fig. 59. Blastodisk, with about 3*2 cells, viewed from above, and showing the subquad-

rate form usually assumed at this stage.

Fig. 60. Entire egg, with the blastodisk developed to about the condition represented

in the preceding figure.

Fig. 61. The blastodisk of Chcetodipterus more advanced in development, with the large

marginal, flattened cells very apparent.

Fig. 62. An egg in which the embryo is apparent, the oil-drop covered by periblast

cells, pigment cells developed, and Kupffer's vesicle formed.

Fig. 63. An embryo sixteen hours after hatching, showing the increased capacity of

the cleavage space sc, due to the rapid absorption of the yelk ; the pigment cells

aggregated at definite points.
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EXPLANATION OF PLATE XII.

CH-ffiTODiPTERUS faber. (The Moonfish.)

Fig. 64. Young fish just hatched, with the oil-drop lying at the inferior side of th<»

yelk, partly invested by cells derived from the periblast.

Fig. 66. Young fish twenty-eight hours after hatching, showing the yelk nearly ab-

sorbed.
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EXPLANATION OF PLATE XIII.

Fig. 66. Young Chcetodipterus fdbcr, sixty-three hours after hatching.

Fig. 67. Young tom-cod, Gadua tomcod, just after hatching, drawn from a dead

specimen, the mouth being thrown wide open, x 24.
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EXPLANATION OF PLATE XIV.

Clupea sapidissima. (TJie Common Shad.)

Fig. 68. The freshly extruded egg enlarged, showing its envelope much wrinkled and
its surface covered with small round vesicles.

Fig. 69. An optic section of the periphery of the preceding more enlarged, showing

the zona z, the cortical layer cl, with its emhedded vesicles, and the large yelk-

spheres y surrounded by their films of protoplasm.

Fig. 70. A shad's egg, showing the vitellus and distended egg-membrane, natural

size.

Figs. 71, 72, and 73. Represent three stages in the development of the blastodisk of the

shad's egg at the lateral pole of the vitellus.

Fig. 74. Shows the gradual accumulation of the germinal matter at one pole of the

egg, the polar prominence externally, and the presence of plasmic processes ex-

tending down through the vitellus.

Fig. 75. Shad ovum with the blastodisk just forming, viewed from above. '

Fig. 76. Shad ovum with the blastodisk formed and with protoplasmic processes pass-

ing from its under surface down into the vitellus.

Figs. 77 and 78. Views in optic section of shad ova at the time the first cleavage

furrow is developed.

Fig. 79, a, b, c, d, e,f. The changes which the polar prominence showu in fig. 74, under-

went at short intervals of time, during half an hour, till the polar cells were de-

tached.

Fig. 80. Surface view from above of the blastodisk of the shad, at the time of the first

cleavage.

Fig. 81. A similar view of an older blastodisk at the time of the completion of the

second cleavage.

Fig. 82. Side view of a similar stage.

Fig. 83. Side view of blastodisk which has abnormally segmented into five cells.

Fig. 84. Blastodisk actively segmenting, and rapidly approaching the sixteen-celled

stage. The irregularities in the form of the cells is due to the unequal contrac-

tractions of their plasma.

Fig. 85. Blastodisk composed of four cells at the time of the second cleavage ; side

view.

Figs. 86 and 87. Oblique views of two different blastodisks at the end of the third

cleavage after eight cells have been developed.

Fig. 88. Side view of a blastodisk at the same stage as the preced

Fig. 89. Side view of a blastodisk during th8 active stage of the fourth cleavage.

Fig. 90. Surface view of a blastodisk which has advanced somewhat beyond the fifth

cleavage, or thirty-two celled stage.

Fig. 91. Optic section through a still more advanced stage of the development of the

blastodisk, when the latter is composed of three to four layers of cells.

Fig. 92. Blastodisk at the time it has assumed the lenticular form, and is composed of

very small cells, just before it begins to spread over the yelk. Optic section.
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EXPLANATION OF PLATE XV.

Clupea sapidissima. ( The Common Shad. )

Fig. 93. Section through the hlastodisk of an egg at a stage intermediate between

those represented in figs. 91 and 92.

Fig. 94. A section of the germinal pole, same egg, near the edge of the blastodisk,

showing the thick layer of periblast just under its margin.

Fig. 95. Section through a blastodisk somewhat older than that shown in fig. 92,

showing the epidermal layer differentiated and with large nuclei at one side

embedded in the periblast.

Fig. 96. Sagittal section through a more advanced stage, showing the cleavage cavity

sc beneath the central portion of the epiblast e, and the inflected hypoblastic

layer h just within the lips oo of the blastopore.

Fig. 97. Portion of a longitudinal vertical section of the side of the body of an embryo

at the stage represented in fig. 98, to show that the solid myotomes MMM are

more intimately united to the hypoblast h than to the epiblast e. Very much en-

larged.

FlG. 98. Semidiagramuiatic longitudinal median section through an embryo after

the blastopore has closed, to show the position of the first myotomes and the con-

tinuity of the chorda ch posteriorly with the lower or hypoblastic layer; sc, cleav-

age cavity.

Fig. 99. Median longitudinal section through the head of a more advanced embryo,

through the nasal pit, eye, gill-arches, brain, and chorda, and showing the rela-

tions of the periblast p.

Fig. 100. A similar section of the same stage somewhat off of the median line. The

auditory capsule au is cut through, also the gill-arches, the heart h, and the oral

cavity b above the latter.
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EXPLANATION OF PLATE XVI.

Clupea sapidissima. {The Common Shad.)

Fig. 101. An embryo shad, somewhat older than the stage represented in section in

fig. 98, in its natural position in its spacions enveloping membrane. From a

photograph.

Fig. 102. An embryo of the same age drawn without details, and showing the position

of Kupffer's vesicle at lev, and the heart h.

Fig. 103. A still more advanced embryo, showing the hind gut hg just under the out-

growing tail.

Fig. 104. Cross-section through the budding tail of an embryo of the preceding stage,

showing the relations of the muscle plates m m to the nervous cord N, the chorda ch,

and the post-anal section of the intestine i. The median fin-folds are still quite

rudimentary, and are developed as very slight, ridge-like folds of the skin above

and below in the median line.

Fig. 105. A similar cross-section of an embryo of the same age, somewhat farther for-

ward.

Figs. 106 and 107. Cross-sections through the body of an embryo somewhat younger

than that represented in fig. 102. The hypoblastic layer has not yet been differ-

entiated into the intestine at i. The nervous cord JVis still continuous with the

epiblast e of the embryo. The chorda ch and muscle plates have been differen-

tiated.

Fig. 108. A similar cross-section through the anterior part of the trunk of an embryo

of the same age as that from which the preceding sections were prepared.

Figs. 109, 110, 111, and 112. Four cross-sections through different regions of the body

cavity of a much more advanced embryo, the first being the most anterior. The

nervous cord N is detached from the skin, the segmental ducts are well denned,

and the intestine i has a narrow lumen.

Fig. 113. Diagrammatic representation of an embryo of about the age of the one rep-

resented in fig. 103, but unrolled from the vitellus, to show the course of the

segmental ducts sd and the extension outward of the pectoral plates pp, which

are intimately concerned in the development of the pectoral fins.
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EXPLANATION OF PLATE XVII.
i

Clupea sapidissima. (The Common Shad.)

Figs. 114, 115, 116, and 117. Four views of successive stages of the development of

the head and optic lobes of the embryo shad, commencing with the stage when
the front end of the head of the embryo is visibly differentiated when viewed as

a transparent object with transmitted light.

Fig. 118. Section through the spreading blastoderm of the shad at a somewhat earlier

stage than that shown in fig. 96 ; h, hypoblast; e, epiblast ; sc, segmentation cav-

ity ; o o, lips of the blastopore.

Fig. 119. Diagrammatic sagittal section through the embryonic axis eof a shad egg,

the blastoderm of which has enveloped one-half of the vitellus. The jagged line

represents the lateral limit of the cleavage cavity sc.

Fig. 120. Egg of the shad in which the blastopore has just closed. Only four myo-

tomes have been developed in the mid-region of the embryonic axis.

Fig. 121. Cross-section through the body and yelk-sack of a young shad in about the

conditiou of development represented in fig. 127; ch, the thick chorda; i, intes-

tine; be, body cavity; p, periblast or splanchnopleure investing the yelky ; sc,

cleavage cavity ; e, thin outer epiblastic investment of the yelk.

S. Mis. 70 37
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EXPLANATION OF PLATE XVIII.

Clupea sapidissima. (The Common Sluid.)

Figs. 122 and 123. Two views of unhatehed embryos of nearly the same age, which

developed in a temperature of 45° F., producing distortions of the tail andnoto-

chord. From photographs.

Fig. 124. Egg which was impregnated at a normal temperature and which developed

the blastodisk in a normal way, but subsequently, exposed to a temperature of

45° F., the blastodisk was distorted as here shown. From a photograph.

Fig. 125. Transparent view from below of front eud of an embryo at about the time

the mouth is formed.

Fig. 126. An egg-envelope with its contained embryo, forty-four hours after impreg-

nation, viewed as a transparent object.

Fig. 127. An egg-envelope with its contained embryo at the beginning of the third

day of development. From a photograph.

Fig. 128. Dorsal view of the front part of an embryo at the time the pectoral fins

are beginning to appear as lateral folds.

Fig. 129. Diagrammatic cross-section through the pectoral fin of an embryo, to illus-

trate the way in which the mesoblast is proliferated into the integumentary fin-

fold.

Fig. 130. Transverse profile view of the dorsal pectoral region of an embryo in the

stage represented in fig. 128.
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EXPLANATION OF PLATE XIX.

Clupea sapidissima. (The Common Shad.)

Fig. 131. Pneumatic duct pn, rudimentary stomach st, pylorus py, and swollen an-

terior part of hind gut J, and back part of oesophagus oe, of a young shad 22mm

long, which had acquired ventral fins. From a specimen three weeks old reared

in confinement.

Fig. 132. View from above of the head of a young shad fourteen days old, showing

the relations of the auditory capsules, brain, and eyes.

Fig. 133. Side view of a young sbad thirteen days old, viewed as a transparent object.

db rudimentary air-bladder, L liver, Gb gall-bladder.

Figs. 134 and 135. Two views of the heads of embryos nearly ready to hatch, show-

ing the rudimentary gill-arches and pectoral fin, nasal pits, wide oral fossa, and
short lower jaw. Drawn from opaque specimens bardened in chromic acid.

Fig. 136. An embryo in its envelope, on the third day of development, nearly ready

to hatch.

Figs. 137, 138, and 139. A lateral, a posterior, and a view from above of the blasto-

derm of the shad, just at the time the cleavage cavity, sc, is beginning to be evi-

dent, the tail swelling, s, formed, and the hypoblast developed by inflection of

the edge of the blastoderm.

Figs. 140 and 141. Two views of an egg after the blastoderm has spread considerably

and the embryonic area e is well defined. From photographs.
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EXPLANATION OF PLATE XX.

Clupea sapidissima. (The Common Shad.)

FlG. 142. Cartilaginous cranium of the larval shad on the sixth day after hatching.

Au auditory capsule, Mm hyomandibular, Ch' ceratohyal, Gh glossohyal, Mk
Meckel's cartilage, Ih interhyal, Tr cranial trabecula, Ao antorbital process, B ros-

trum, i, ii, iii, iv, v, branchial arches ; To tegmen cranii, Sy symplectic, Bp basip-

terygial plate from which the actinosts are developed, So coraco-scapular plate

perforated by a foramen.

Fig. 143. Cartilaginous cranium of a young shad shortly after hatching. Lettering

as before, except Ch, which in this figure indicates the chorda
; Q the quadrate, a

continuation of the hyomandibular.

Fig. 144. Mesial section through the head of a young shad shortly after hatching.

mo medulla oblongata, Co cerebellum, mb mid-brain, Pn pineal body, Cer cer-

ebrum, Inf infundibulum, Hy hypophysis, bb basibranchial, Ch' basihyal, Gh glos-

sohyal, Tr anterior prolongation of the trabecules as the rostral plate,Mk Meckel's

cartilage, i, ii, iii, iv, v, the open lumina of the branchial clefts, MMM an-

terior myotomes, ba bulbus aortas, ve ventricle, sv sinus venosus, po pericardia

cavity, Y yelk, p periblast, so cleavage cavity.
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EXPLANATION OF PLATE XXI.

Clupea sapidissima. (The Common Shad.)

Fig. 145. Cross-section through the region of the eyes of an emhryo ten days old;

bb basibranchial, cli ceratohyal, ME Meckel's cartilage, pt palatine, Tr trabecule

cranii, E eye, Mb mid-brain, Cer cerebrum.

Fig. 146. Cross-section through the anterior part of the auditory region of the same

embryo ; au auditory vesicle with acoustic macula or end organ in its lower

wall, Mo medulla oblongata, Ch chorda, Hm upper eud of hyomandibular, i, ii, ill,

and iv branchial arches, pa parachordal cartilages.

Fig. 147. Cross-section through the posterior part of the auditory region of the same;

lettering the same, except that the basibranchial bar bb is cut through, as well

as the whole five branchial arches, also the auditory canals and vestibule of the

membranous labyrinth.
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EXPLANATIONS OF PLATE XXII.

Clupea sapidissima. (The Common Shad.)

Fig. 148. Young fish on the third day after hatching, viewed as a transparent object

to show the extension of the segmental duct forward ; the chorda ch, and liver L.

Fig. 149. Young fish immediately after hatching, viewed as an opaque object and

somewhat obliquely from one side, so as to display the relations of branchial and

hyomandibular arches, and the position of the pectoral fin.

FlG. 150. Young fish seventeen days after hatching, viewed partly as an opaque and

partly as a transparent object
; py pylorus and rudimentary air-bladder above it

;

I intestine, filled with the remains of ingested food. The opercula are already

so far developed as partly to conceal the branchiae.

Fig. 151. Young fish five days after hatching, very much enlarged, and viewed as an

opaque object. Only a slight remnant of the yelk-sack Y remains.

Fig. 152. Anterior portion of a young fish on the fourth day. To show the relations

of the liver L to the yelk Y, over which the portal vessel pv passes forward to

empty into the venous sinus, in common with the anterior and posterior jugu-

lars/ and j, la bulbus aortsB, ve ventricle.

Fig. 153. View of the fore part of a young fish seventeen days old, from the ventral

side.
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EXPLANATION OF PLATE XXIII.

Ictalurus albidus. (White Cat-fish.)

Fig. 154. Embryo of the second day removed from its envelope; b rudimentary branch-

ial arches and clefts, e eye, m m myotomes, p pectoral plate or thickening. Drawn
from a hardened specimen, x 24.

Fig. 155. Living embryo of the second day freed from its envelope, and viewed as a

transparent object, x 16.

Fig. 156. Head of embryo on the third day, viewed from in front and somewhat

obliquely ; h heart, bl maxillary barbel, x 16.

Fig. 157. Head of embryo on the third, from in front, viewed as an opaque object ; bl

maxillary barbels, h heart, n nasal grooves, x 24.

Fig. 158. Head of embryo on the third day, from the side, viewed as an opaque object

;

b branchiae, bl barbels, m myotomes, p pectoral, x 24.

FlG. 159. Embryo of third day freed from its envelope, and viewed from above, as an

opaque object ; op opercular fold, p pectoral, mm myotomes, x 24.
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EXPLANATION OF PLATE XXIV.

Ictalurus albidus. (White Cat-Jish.)

Fig. 160. Embryo on the fourth day, viewed as an opaque object from the front, x 24.

Fig. 161. The same, viewed from the side, x 24.

Fig. 162. Head and yelk-sack of embryo on the fifth day, viewed from in front, x 24.
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EXPLANATION OF PLATE XXV.

Ictalurus albidus. ( White Cat-fish.)

Fx«J. 163. Young cat-hsh of the sixth day, just hatched, viewed as a transparent ob

ject. x 16.

164. Young cat-fish of the seventh day, viewed as a transparent object, x 16.
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EXPLANATION OF PLATE XXVI.

Ictalurus albidcs. ( White Cat-Jisk.)

FlO. 165. Young cat- fish, eight days old, viewed as an opaque object, x 16.

FlG. 166. Young cat-fish, nine days old, viewed as an opaque object, x 16.
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EXPLANATION OF PLATE XXVII.

Ictalurus albidus. ( White Cat-fish.)

Fig. 167. Young cat-fish, ten days old, viewed as an opaque object, x 16.

Fig. 168. Young cat-fish, eleven days old, viewed as an opaque object, x 10
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EXPLANATION OF PLATE XXVIII.

Ictalurus axjjidus. {White Cat-fi8h.)

Fig. 169. Young cat-fish, twelve days old, viewed as an opaque object, x 10.

Fig. 170. Young cat-fish, twenty days old, viewed as an opaque object, x 10,
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EXPLANATION OF PLATE XXIX.

ICTALUKUS ALBIDUS. (White Cat-fish.)

Fig. 171. Young cat-fish, eighty-eight days old, viewed as au opaque object, x 8.

Fig. 172. The same, viewed from above, x 8.



Report U. S. F. C. 1885.—Ryder. Osseous fishes. PLATE XXIX.







604 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [116]

EXPLANATION OF PLATE XXX.

Ictalurus albidus. (White Cat-fish.)

Fig. 173. Cartilaginous crauium of young fish, ten days old, constructed from a series

of longitudinal vertical sections, x 35.

A u, auditory vesicle ; CEy, ceratohyal ; Cor, coracoid ; EE, ectethmoid ridge : Eb, car-

tilage of external chin barbel ; Fo, fontanelle ; GHy, urobyal ; lb, cartilage of

internal chin barbel ; IEy, interhyal ; Em, hyomaudibular ; EEy, hypohyal; Mk,

Meckel's cartilage; Mxb, cartilage of maxillary barbel; 0, orbit; 01, olfactory

fossa; PaC, parachordal region; Phb, pharyngobranchials; Ps, presphenoid la-

mina; PIPt, palatopterygoid elements; B, rostrum; Sc, scapular portion of

shoulder-girdle; so, supraoccipital ; TCr, tegmen cranii; Tr, trabecula; II, V,

VII, IX, X, foramina for cranial nerves.

Fig. 174. Median longitudinal vertical section of the bead of a young fish, ten days old.

x35.

Ab, air-bladder ; BB, basibranchials ; Ba, bulbus aortse ; Cb, cerebellum ; Cer, cere-

brum ; Ch, chorda ; ES, erector spinse ; Ey, bypophysis ; I, intestine ; Inf, infun-

dibulum ; L, liver ; M, pharyngeal and oesophageal muscles ; mb, mid-brain
;
ME,

Meckel's cartilage ; mo, medulla oblongata ; Oe, oesophagus ; Ot, optic tract
;
P,

periblast ; Pc, pericardiac cavity ; Pn, pineal body ; B, rostrum ; S, sacculns

vasculosus; SV, sinus venosus; Tr, trabecula; Ve, ventricle; x x x, rudiments

of anterior co-ossified vertebrae ; Y, yelk.
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XXI -REPORT ON THE DECAPOD CRUSTACEA OF THE ALBA-
TROSS DREDGINGS OFF THE EAST COAST OF THE UNITED
STATES DURING THE SUMMER AND AUTUMN OF 1884.

By Sidney I. Smith.

In addition to all the true Decapoda which have been submitted to me
for examination from Albatross dredgings during the summer and au-

tumn of 1884, this report includes a few specimens taken in 1883, but

omitted from the report for that year.

In the tables of specimens examined the following abbreviations are

used to indicate the nature of the bottom :

Materials.
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mens examined were carrying eggs a zero (0) is used. The National

Museum Crustacea Catalogue numbers are given in the tables of speci-

mens examined, or are simply placed in parentheses after the mention

of the specimens. In a few cases among the Paguroidea, specimens

selected for their carcincecia, were catalogued among Actinozoa, in a

different catalogue from the Crustacea, and such catalogue numbers are

preceded by an A, to distinguish them from the Crustacea catalogue

numbers.

In the first report on the Crustacea of the Albatross collections, I

gave no general statement of results, but confined myself strictly to

the enumeration of the specimens taken and the description of the

many new forms discovered. Here, however, I propose to discuss some

of the results of the examination of the Decapoda of the two seasons'

work. The collections made in the West Indian region by the Alba-

tross, during the winters of 1884 and 1885, have not yet been fully ex-

amined, and are not referred to in the following statements, which apply

exclusively to the region north of Cape Hatteras ; but some of the re-

sults, in regard to bathyinetrical range, &c, of a partial examination

of the collection of the summer of 1885 are included.

The most interesting feature of the Crustacea collected by the Alba-

tross is the great number of very deep-water, or abyssal, species of

Decapoda which it contains. The whole number of species of true

Decapoda dredged by the Albatross north of Cape Hatteras is over 130,

but nearly one-half of these are from shallow or comparatively shallow

water. None of the shallow-water species were taken below 1,000

fathoms, and it is, perhaps, best to limit the abyssal fauna to species

occurring in depths greater than this, although some true deep-water

species are probably excluded by adopting so great a depth. Taking

this limit strictly, however, we have 43 abyssal species, of which 22 have

been taken below 2,000 fathoms, as shown in the following list:

LIST OF DECAPODA TAKEN NORTH OF CAPE HATTERAS, BELOW 1,000

FATHOMS, BY THE ALBATROSS IN 1883-'84-'85, WITH THE BATHYMET-
RICAL RANGE OF EACH SPECIES AND A BRIEF STATEMENT OF THE
CHARACTER OF THE EYES.

BRACHYURA.

CANCROIDEA.

1. Geryon quinquedens. 105 to 1,081 fathoms.

Eyes well developed, black.

DORIPPOIDEA.

2. Ethusina abyssicola. 1,497 to 2,221.

Eye-stalks very small, immovably imbedded in the orbits, and tipped with

minute, distinctly faceted, black eyes, much smaller than the diameter

of the stalks.
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LITHODOIDEA.

3. Lithodes Agassizii. 410 to 1/255.

Eyes well developed, black.

FAGUROIDEA.

4. Parapagurus piiosimanus. 250 to 2,221.

Eyes very small, no larger than the diameter of the stalks, distinctly faceted,
black.

GALATHEOIDEA.

5. Munidopsis curvirostra. 75 to 1,290.

Eye-stalk very short, capable of considerable motion, and its whole terminal

portion covered with an ovoid, unfaceted cornea; pigment white.

0. Munidopsis crassa. 1,742 to 2,620.

Eye-stalks short, capable of very little motion, bearing the small hemispher-

ical cornea partially imbedded near the distal end, which projects in a
spine; cornea unfaceted

;
pigment white.

7. Munidopsis similis. 1,060.

Eyes as in the last species.

8. Munidopsis Bairdii. 1,497 to 1,742.

Eyes nearly as in 6 and 7.

9. Munidopsis rostrata. 1,098 to 1,356.

Eye-stalks short, capable of some motion, cornea terminal, large, swollen,

reniform, unfaceted
;
pigment white.

MACRTJRA.

ERYONTIDiE.

10. Pentaeheles sculptus. 250 to 1,081.

Eyes reduced to lobes of the ocular somite imbedded in sinuses in the front

of the carapax ; each lobe with a small cornea-like area above and a
smaller one below tipping a projecting process; no colored pigment nor

faceted surface.

11. Pentaeheles nanus. 705 to 1,917.

Eyes as in the last species.

12. Pentaeheles debilis. 1,290 to 1,309.

Eyes nearly as in 10 and 11.

CRANGKJNID^J.

13. Pontophilus abyssi. 1,917 to 2,221.

Eye-stalks very short ; eyes about as large as in most species of the genus,

but much smaller than in the closely allied species (P. gracilis) inhabiting

200 to 500 fathoms; cornea rather indistinctly hexagonally faceted; pig-

ment almost colorless except over an area on the outer dorsal side (which
is apparently of somewhat different structure from the rest of the eye),

where there are many points of dark pigment.
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GLYPHOORANGONID51.

14. Glyphocrangon sculptus. 1,006 to 1,434.

Eyes very large, almost spherical, and mounted on very short stalks ; cornea

distinctly faceted
;
pigment purplish brown ; a minute papilla on the

mesial side of the stalk, but perhaps not of the same nature as that in

the Miersiidae and Penseidse.

15. Glyphocrangon longirostris. 828 to 1,081.

Eyes similar to those of the last species.

ALPHEIDiE

16. Bythocaris gracilis. 888 to 1,043.

Eyes hemispherical, small, little larger than the diameter of the stalks; cor-

nea distinctly faceted ; pigment black.

17. Heterocarpw oryx A. M. -Edwards.* 1,081.

Eyes well developed, black, but smaller than iu the species of the closely al-

lied genus Pandalus. t

NEMATOCARCINIDiE

.

18. Nematocarcinus ensiferus. 588 to 2,033.

Eyes rather small, but well developed, black
;
papilla minute and very ob-

scure ; no dorsal area.

MIERSIID2E.

19. Acanthephyra Agassizii. Surface and 105 to 2,949.

Eyes rather small, but highly developed; stalks expanded distally and capa-

ble of great mobility
;
pigment black and abundant : papilla well devel-

oped, prominent; dorsal area present.

20. Acanthephyra, sp.J 2,069.

Eyes imperfect in the single specimen seen, but apparently nearly as in the

last species
;
pigment black

;
papilla prominent ; dorsal area present.

21. Acanthephyra microphthalma. 2,574 to 2,620.

Eyes imperfectly developed; stalks capable of comparatively little motion,

and contracted distally to the very small eyes
;
pigment light brownish ;

papilla minute ; apparently no dorsal area.

22. Acanthephyra brevirostris. 1,395 to 2,949.

Eyes much less highly developed than in 19, but larger than the diameter of

the stalks
;
pigment brownish black

;
papilla well developed ; dorsal area

apparently absent.

* Station 2550, August 9, 1885, north latitude 39° 44' 30", west longitude 70° 30' 45"

1,081 fathoms, brown mud, temperature 30°,—1$ (10661).

t The peculiar, conspicuously faceted area on the dorsal side of the eye and near to

the margin of the cornea proper, and often darker than it, which is conspicuous in

many Alpheidae and Palaenionidae, is entirely absent in this species. This area, how-

ever, is also absent in Pandalus propinquus, although it is very conspicuous in P. Mon-

tagui, leptoctrus, and borealis. For convenience, I refer to this area, in the following

part of the list, as the " dorsal area."

t A single very imperfect specimen of this species, which is very distinct from any

other in the collections of the Fish Commission, was taken at station 2565, August

28, 1885, north latitude 38° 19' 20", west longitude 69° 02' 30", 2,069 fathoms, gray and

brown ooze, temperature 37°.
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23. Acaiithephyra gracilis. 1,632 to 2,51'2.

Eyes highly developed ; cornea more expanded than in 19
;
pigment hlack

ami abundant; two well-developed papilla) on each stalk; dorsal area

conspicuous, elongated, in contact with the cornea proper.

24. Notostomua robustus. 1,309 to 1,555.

Eyes rather small, hut larger than the diameter of the stalks, which are some-

what expanded distally; pigment black; papilla well developed; dorsal

area absent or perhaps represented by a conspicuous narrow process from

the margin of the cornea.

25. Notostomus vescus. 2,949.

' Eyes larger than the diameter of the stalks; pigment black; papilla well

developed.

26. Meningodora mollis. 1,106 to 1,632.

Eyes imperfectly developed, smaller than the diameter of the stalks, which
are somewhat tapered distally

;
pigment black

;
papilla conspicuous; dor-

sal area absent.

27. Hymenodora glacialis. 2,369 to 2,949.

Eyes similar to those of 26, except that the pigment is brownish white.

28. Hymenodora gracilis. 826 to 2,949.

Eyes as in the last species, but the pigment apparently a little darker in color.

FASIPHAXD.S3.

29. Pasiphae princeps. 444 to 1,342.

Eyes highly developed, black ; no distinct papilla nor dorsal area.

30. Parapasiphae sulcatifrons. 516 to 2,949.

Eyes somewhat similar to those of 27 and 28; cornea hemispherical, not

larger than the non-expanded stalks
;
pigment brown

;
papilla very con-

spicuous, projecting by the margin of the cornea ; dorsal area absent.

31. Parapasiphae cristata. 826 to 1,628.

Eyes similar to those of the last species, but the cornea a little smaller and
the papilla very much larger, broad at base anil tapered to an obtuse tip,

which reaches considerably beyond the whole cornea.

32. Parapasiphae compta. 1,537 to 2,369.

Eyes similar to those of 30, but somewhat smaller, and the pigment black.

PENiEIDiE.

33. Hyrnenopeiiceus microps. 906 to 2,620.

Eyes very much smaller than in any of the closely allied species, yet slightly

larger than the diameter of the stalks, and hemispherical
;
pigment black

;

papilla well developed. and situated near the middle of the stalk.

2 1. Aristeus ? tridens. 843 to 2,620.

Eyes rather small but well developed, larger than the diameter of the stalks

and hemispherical
;
pigment black or brownish black

;
papilla well de-

veloped, broad and low, and on the middle of the stalk.

.' >. Hepomadus tener. 1,209 to 2,949.

Eyes as in the last species, except that the papilla is more prominent.

:- i. Amalopenasus elegans. 445 to 2,369.

Eye-stalks not expanded distally, with a spot of black pigment on the outer

side a little way from the cornea, which is hemispherical and little larger

than the diameter of the stalks
;
pigment brown

;
papilla very promi-

nent, conical, directed upward and inward from the middle of the stalk.

S. Mis. 70 39



610 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [6]

37. Benthcecetes Barlletti. 578 to 1,081.

Eyes about as large and of the same color as in the last species
;
papilla very

conspicuous, but low and obtuse; a mass of black pigment near the mid-

dle of the stalk, more distinctly visible from the ventral than from the

dorsal side.

38. Benthonectcs filipes. 693 to 1,043.

Eyes very large, swollen, reniform, extending far along the mesial side of the

stalk; pigment dark brown, abundant; papilla prominent.

39. Benihcsicymus? carinatus. 1,020.

Eyes apparently very nearly as in 37, but imperfect in the single known spec-

imen.

40. Beuthesicymus? moratus. 1,537 to 1,710.

Eyes nearly as in 38, except that the pigment is apparently white or very

light in color.

SEEGESTID^I.

41. Seigestes arcticus. 221 to 2,516.

Eyes highly developed, large
;
pigment black; apparently neither papilla

nor dorsal area.

42. Serge&tes robustus. 372 to 2,574.

Eyes similar to those of the last species, but even larger, the cornea being

nearly hemispherical.

43. Sergestes mollis. 373 to 2,94'J.

Eves small, little larger than the diameter of the stalks; pigment black,

abundant.

The following species, though not yet recorded from below 1,000

fathoms, might properly enough be added to this list, as they undoubt-

edly all extend below the 1,000-fathom line

:

44. Sclcrocranyon Agassizii. 390 to 959.

Eyes small, no larger than the stalks, which are very little dilated distally;

pigment black or nearly so.

45. Sabinea princepx. 353 to 888.

Eyes highly developed, large; pigment black.

46. Nematocarcirms cursor. 384 to 838.

Similar to 18, but somewhat larger, and with the papilla very distinct, though

small.

47. Acanthephyra eximca. 938.

Eyes very nearly as in 19.

48. Ephyrina Bencdicti. 959.

Eyes rather small, apparently not capable of great mobility, very little larger

than the diameter of the stalks
;
pigment black

;
papilla distinct ; dorsal

area absent.

The first question which arises in discussing the bathymetrical hab-

itats of the species in this list is, Which of them actually inhabited the

bottom, or the region near the bottom, at the depths from which they

are recorded, and what depths do the remaining species inhabit? That

none of them are truly pelagic surface species may, I think, be taken

for granted, for, with the single exception of Acanthephyra Agassizii,

none of the free-swimming species have been taken anywhere near the
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surface. Species well known to be inhabitants of the surface are some-

times found in the trawl (and of course excluded from the list of species

dredged), but are rarely so taken.

The first fifteen species in the list, and 44 and 45 as well, are unques-

tionably inhabitants of the bottom, and never swim any great distance

from it. Nos. 16, 17, 18, and 4G, though species which may swim freely

for considerable distances from the bottom, undoubtedly rest upon it

a part of the time, the structure of the pefaeopods being fitted, appar-

ently, to do this.

The species of Acanthephyra, Ephyrina, Notostomus, Meningodora, and

Hymenodora, which are very much alike in the structure of the articular

appendages and branchiae and are here grouped together as Miersiidas,

are among the most common and characteristic forms taken in trawling

at great depths, but it is perhaps doubtful whether any of them are,

strictly speaking, inhabitants of the bottom. The occurrence at the

surface of a living and active specimen of Acanthephyra Agassizii, shows

that this species at least is capable of living at the surface in water of

a temperature of more than 30 degrees higher than that of the abyssal

depths. Such facts make it very difficult to draw any conclusions from

the mere finding of specimens of any free-swimining species in the trawl

coining from particular depths, and we are compelled to resort to the

structure of the animal itself for evidence as to the depth of its habitat.

The highly developed black eyes, the comparatively small eggs, and the

firm integument of A. Agassizii and A. cximea are some evidence, though

perhaps inconclusive, that these species do not normally iuhabit the

greatest depths from which the former species has been recorded ; and

neither the length nor the structure of the perseopods shows special adap-

tation for resting on soft oozy bottoms. We are therefore led to con-

clude that these two species normally inhabit the upper part of the vast

space between the surface and the bottom regions. The similarity in the

structure of the perseopodsin all the species of the genus except A. gra-

cilis, apparently indicates similarity in habits, but the imperfectly de-

veloped eyes and soft integument of A. microphthalma and brevirostris

are evidence that these species inhabit greater depths than A. Agas-

sizii and cximea, and that they are truly abyssal if not bottom-inhabit-

ing species, and their absence from the trawl when coming from moder-

ate depths, as shown in the records of their capture, helps to confirm this.

The small number and great size of the eggs of A. gracilis would seem

to indicate an abyssal habitat for that species aiso, but the large black

eyes are probable evidence that it does not descend to the extreme

depths inhabited by A. microphthalma.

Their similarity of structure makes it probable that the species of

Ephyrina, Notostomus, Meningodora, and Hymenodora are similar in hab-

its to the species of Acanthephyra, and the structure of their eyes and

integument and the small number and great size of the eggs, in the spe-
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cies in which they are known, as well as the records of their capture*,

indicate that they are all abyssal, or at least deep water species.

The form of the body and the structure of the peneopods of Pasiphae

prinaeps indicate that, like the other species of the genus, it is a free-

swimming species, probably never resting on the bottom. It is proba-

bly neither a truly abyssal, nor, judging from the size of the eggs as well

as the record of its capture, a surface species. The structure of the

eyes, the very small number and great size of the eggs, and the soft in-

tegument of the species ofParapasiphae render it probable that they are

really abyssal species, though probably not couiiued to the immediate

region of the bottom.

The eight species of PenaeidsB in the list are undoubtedly all free-

swimming forms not confined to the immediate region of the bottom,

but, judging from the relatively small size of the eyes and the presence

of well-developed ocular papilhe, they are all deep-water if not abyssal

species.

The records of the occurrence of the three species of Sergestes show
(hat they are not confined to abyssal depths. The relatively small eyes

and exceedingly soft integument of S. mollis would seem to indicate

that it inhabited much greater depths than the other species, but the

records of its capture afford no additional evidence of this.

We may then divide these species provisionally into the four follow-

in a
- classes:

I.

—

Species inhabiting the bottom or its immediate neighborhood.

Geryon quinquedens.

Ethusina abyssicola.

Lithodes Agassizii.

Parapagurus pilosimanus.

Munidopsis curvirostra.

Munidopsis crassa.

Munidopsis similis.

Munidopsis Bairdii.

M unidopsis rostrata.

Pentacheles sculptus.

Pentacheles nanus.

Pentacheles debilis.

Sclerocrangon Agassizii.

Pontophilus abyssi.

Sabinea princeps.

Glyphocrangon sculpt us.

Glyphocrangon longirostris.

Bythocaris gracilis.

Heterocarpus oryx.

Nematocarcin us ensi ferus!

Nematocarciuus cursor.

II.

—

Species probably not confined to the immediate neighborhood of the

bottom, but showing structural evidences of inhabiting abyssal depths.

Acanthephyra microphthalma.

Acanthephyra brevirostris.

ISrotostomus robustus.

Notostomus vescus.

Meningodora mollis.

I lymenodora glacialis.

Hymenodora gracilis.

Parapasiphae sulcatifrous.

Parapasiphae cristata.

Parapasiphae compta.
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III.

—

Doubtful, but probably inhabiting abyssal depths.

Acanthepliyra gracilis.

Ephyrina Benedicti.

Hymenopenseus micro] >s.

Aristeus t tridens.

Hepomadus tener.

Amalopenseus elegans.

Benthceeetes Bartletti.

Benthonectes filipes.

Benthesicymus'2 carinatus.

] Jenthesicymus '? moratus.

Sersrestes mollis.

IV.

—

Species probably not inhabiting abyssal depths.

Acanthepliyra Agassizii.

Acanthepliyra eximea.

Acanthepliyra, sp.

Pasiphae princeps.

Sergest.es arcticus.

Sergestes robustus.

Summing up these lists according to the greatest depths from which

the species are recorded we have the following

:

Number of species.

Class.

T.—From the neighborhood of the bottom...
II.—Abyssal, but not confined to the bottom
HI.— Doubtful, but probably abyssal
IV.—Probably not abyssal

Total

The great differences in depth through which some of the species,

unquestionably inhabiting the region of the bottom, are recorded as

ranging is worthy of notice. Of the 18 inhabitants of the neighborhood

of the bottom which are recorded as taken below 1,000 fathoms, 9 have

;i recorded range of over 800 fathoms, and one of them, Parapagurus

pilosimanus, of nearly 2,000 fathoms. The case of the Parapagurus is

very remarkable. It was taken at fifteen stations and in 250 to 640

fathoms by the Fish Hawk and Blake in 1880-'81-'82, and in great

abundance at one station in 319 fathoms, where nearly four hundred

large specimens were taken at once. All these earlier specimens were

inhabiting carcinoscia of Epkoanthns paguriphilus. In the Albatross

dredgings of 1883-'S4-'85, it was taken at twenty-one stations, ranging

in depth from 353 to 2,221 fathoms; but at fourteen of these stations,

all of which were below ] ,500 fathoms, none of the specimens were asso-

ciated with the same species of JEJpisoanthus, some of them being in Dpi-

zoantliU8 abyssorum, others in naked gastropod shells, and still others

in an actiniau polyp, apparently the Urticina consors Verrill, which often

serves for thecarcincecium of Sympaguruspietus, from 164 to 264 fathoms.

The color of the abyssal Crustacea is very characteristic. A few

species are apparently nearly colorless, but the great majority are some
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shade of red or orange, and I have seen no evidence of any other bright

color. A few species from between 100 and 300 fathoms are conspicu-

ously marked with scarlet or vermilion, but such bright markings were

not noticed in any species from below 1,000 fathoms. Below this depth,

orange red of varying intensity is apparently the most common color,

although in several species, very notably in Notostomus robustus, the

color is an exceedingly intense dark crimson.

The structure of the eyes of the abyssal Decapoda is of the highest in-

terest, and worthy of the most minute and careful investigation and

comparison with the corresponding structures of the shallow-water and

surface forms. Such an investigation I have not been able thus far to

make, but the importance of the subject induces me to record the re-

sults of a superficial examination of the external characters of the eyes

of most of the abyssal species from the Albatross collections. These

imperfect observations have been briefly given under each species iu

the list of species taken below 1,000 fathoms.

If we exclude from this list all the species whose bathymetrical habi-

tats are in any degree doubtful, and examine the 21 species given as

inhabiting the immediate neighborhood of the bottom, we find that

Geryon quinqucdens, Lithodes Agassizii, and Sabinea princeps have nor-

mal, well-developed large black eyes apparently entirely similar to

those of allied shallow-water species. Sclerocrangon Agassizii, Bythoca-

ris gracilis, Heterocarpus oryx, Nematocarcinus erisiferus, and jV
7

. cursor

have normal black eyes apparently a little smaller than those of the

allied shallow-water species. Ethusina abyssicola and Parapagurus

pilosimanus have distinctly faceted black eyes, which, though very

much smaller than inmost shallow-water species, are still fully as large

aud apparently quite as perfect as in those of some shallow-water

species iu which they are evidently sensitive to ordinary changes of

light. The eyes of the species of Glyphocrangon are very large, with the

faceted surface much larger than the allied shallow-water species, but

they are borne on very short stalks with comparatively little mobility,

aud have dark purple instead of black pigment. The eyes ofPontoph Hits

abyssi are lighter in color than those of the species of Glyphocrangon,

but are faceted and apparently have some of the normal visual elements.

All the species of Munidopsis and of Pentaehclcs have peculiarly modified

eyes from which the normal visual elements are apparently wanting.

Of these 21 abyssal species, 7 are thus seen to have normal black eyes,

2 have abnormally small eyes, and 3 have large eyes with purplish or

very light colored pigment, while 8 have eyes of perhaps doubtful func-

tion. If we confine this examination to the 5 species taken below 2,000

fathoms, we have 1 species with well-developed black eyes, 2 with ab-

normally small black eyes, 1 with light colored eyes, and 1 with eyes of

doubtful function.

These facts and the comparison of the eyes and the color of the abys-

sal species with the blind and colorless cave-dwelling crustaceans cer-
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tainly indicates some difference in the conditions as to light in caverns

and in the abysses of the ocean, and make it appear probable, in spite of

the objections of the physicists, that some kinds of luminous vibrations

do penetrate to depths exceeding even 2,000 fathoms. The fact that, ex-

cluding shallow-water species, there is no very definite relation between

the amount of the modification of the eyes and the depth which the

species inhabit, many of the species with the most highly modified eyes

being inhabitants of much less than 1,000 fathoms, might at first be

thought antagonistic to this view. But when we consider how vastly

greater the purity of the water must be in the deep ocean, far from

land, than in the comparatively shallow waters near the borders of the

continents, and how much more transparent the waters of the ocean

abysses than the surface waters above, we can readily understand that

there may usually be as much light at 2,000 fathoms in mid ocean as at

500 or even at 200, near a continental border. These considerations

also explain how the eyes of specimens of species like Parapagurm

pilosimanus, coming from 2,220 fathoms, are not perceptibly different

from the eyes of specimens from 250 fathoms.

Although some abyssal species do have well-developed black eyes,

there can be no question that there is a tendency toward very radical

modification or obliteration of the normal visual organs in species in-

habiting deep water. The simplest and most direct form of this tend-

ency is shown in the gradual reduction in the number of the visual

elements, resulting in the obsolescence and, in some cases, in final ob-

literation of the eye. The stages of such a process are well represented,

even among the adults of living species. The abyssal species with

black eyes, referred to in a previous paragraph, contains the first part

of such a series, beginning with species like Gcryon quinquedens and

Liihodes Agassizii and ending with Ethusina abyssicola, in which there

are ouly a very few visual elements at the tips of the immobile eye-

stalks. A still later stage is represented by A. M.-Edwards's genus

Cymonomus, in which the eye- stalks are immobile, spiny rods, taper-

ing to obtuse points, without visual elements, or even (according to the

description) a cornea. Cymonomus is not known to be an abyssal genus,

neither of the species having been recorded from much below 700 fath-

oms, and is a good example of the fact already mentioned, that many
of the species with the most highly modified eyes are inhabitants of

comparatively shallow water. There are, however, several cases of

very closely allied species inhabiting different depths, where the eyes

of the deeper-water species are much the smaller, for example : Symj)it-

gufus pictus, 164 to 2G4, and Parapagurus pilosimanus, 250 to 2,221

fathoms; Pontophilus gracilis, 225 to 458, and P. abyssi, 1,017 to 2,221

fathoms ; and Nematocarcinus cursor, 384 to 838, and N. ensiferus, 588

to 2,033 fathoms.

In a large number of deep-water and abyssal species (lie ocular pig-

ment is deep purplish, brownish, reddish, light purplish, light reddish,
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or even nearly colorless, while the number of visual elements may be

either very milch less or very much greater than usual. The eyes of

the species of Glyphocranr/on and of Benthonectcs are good examples of

well-developed eyes of this class. In many cases the presence of light-

colored pigment is accompanied with reduction in the number of visual

elements precisely as in black eyes, Parapasiphae sulcatifrons, P. cris-

tata, Acanthephyra microphthalma, and the species of Hymenodora being-

good examples.

In other cases there are apparently radical modifications in the struct-

ural elements of the eye without manifest obsolescence. The large and

highly developed but very short-stalked eyes of the species of Glypho-

crangon, apparently specialized for use in deep water, probably repre-

sent one of the earlier stages of a transformation which results finally

in the obliteration of the visual elements of the normal eye and the

substitution of an essenti ally different sensory structure. In Pontophilus

abyssi the transformation has gone further; the eyes, though fully as

large as in the allied shallow-water species, are nearly colorless, not

very distinctly faceted, and have probably begun to lose the normal

visual elements over a portion of the surface. In the eyes of several of

the species of Munidopsis the normal visual elements have entirely dis-

appeared and there is an expanded transparent cornea backed by whit-

ish pigment and some kind of nervous elements. I am very well aware

that there is as yet no conclusive evidence that these colorless eyes in

the species of Munidopsis are anything more than the functionless rem-

nants of embryonic or inherited organs, but the fact that in some spe-

cies they are as large as the normal eyes of allied shallow-water species

is certainly a strong argument against this view.

In the species of Pentacheles there is better evidence that the eyes are

not functionless, for, although they have retreated beneath the front of

the carapax, they are still exposed above by the formation of a deep

sinus in the margin, and the ocular lobe itself has thrown off a process

which is exposed in a special sinus in the ventral margin. It is very

easy to conceive how the eyes of Pentacheles, probably as highly modi-

fied as those of any deep water species, may have been derived from

eyes like those of the species of Glyphocrangon and Pontophilus abyssi

through a stage like the eyes of Calocaris, which are practically sessile,

have lostall the normal visual elements, and haveonly colorless pigment,

but still present large flattened transparent non-faceted corneas at the

anterior margin of the carapax. It is interesting to note that the highly

modified eyes of Pentacheles are found in a well-defined group confined

to deep water and of which all the species have probably been inhabi-

tants of deep water for considerable geological periods, while the equally

deep-water species with less modified or obsolescent eyes are much
more closely allied to shallow- water species, from whose ancestors they

may have been derived in comparatively recent times.

Many of the deep-water Caridea have a peculiar papilla like process
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on the mesial or mesio-dorsal side of the eye-stalk, somewhere between

the middle of the stalk and the cornea. This organ is very highly de-

veloped in many of the Miersiidse and deep-water Penaeidse, appears to

receive a branch of the optic nerve, is apparently sensory in its function,

and has sometimes been referred to as a phosphorescent organ. A some-

what similar, though very small, papilla is present in some shallow-

water Caridea and Schizopoda, but, having no knowledge whatever of

its function, I have simply described it, in the list of abyssal species

already given, as the "papilla."

The large size and small number of the eggs is a very marked char-

acteristic of many deep-water Decapoda. The eggs are extraordinarily

large in several species of Munidopsis, Glyphocrangon, and Bythocaris,

and in Elasmonoius inermis, Sabinea princeps, Acanthephyra gracilis, and

Pasiphae princeps. But the largest crustacean egg which I have seen

is that of the little shrimp Parapasiphab' sulcatifrons, which carries only

fifteen to twenty eggs, each of which is more than 4 millimeters in

diameter, and approximately equal to a hundredth of the bulk of the

animal producing it—a case in which the egg is relatively nearly as

large as in many birds! My suggestion (Amer. Jour. Sci., II, xxviii, p.

50, 1884) that the great size of the eggs in the deep-water Decapoda

was probably accompanied by an abbreviated metamorphosis within

the egg, thus producing young of large size and in an advanced stage

of development, specially fitting them to live under conditions similar

to those environing the adults, has already been proved true by Prof.

G. O. Sars, in the case of Bythocaris leucopis, in which the young are in

a stage essentially like the adult before leaving the egg.

Although the great size of the eggs is highly characteristic of many
deep-water species, it is by no means characteristic of all, and, as the

following table of measurements shows, the size of the eggs has no defi-

nite relation to the bathymetrical habitat, and is often very different in

closely allied species, even where both are inhabitants of deep water.

For example, the eggs of Acanthephyra gracilis are very large, while

those of A. brevirostris and Agassizii are normally small, and those of

PontopMlus abyssi are fully as small as in the comparatively shallow-

water species of the genus, and much smaller than those of many shal-

low-water Crangonidre.

For the purpose of comparing the size of theeggs of the deep-water and
shallow-water species, I have measured a considerable number of Deca-

pod eggs, and in several cases have estimated approximately the num-
ber of eggs carried by an individual. The results are given in the fol-

lowing table, in which the bathymetrical habitat is given approximately

in even hundreds of fathoms, habitats of less than 100 fathoms being

indicated by —100; the diameter is the approximate, average of the

longer and shorter diameters, usually of several eggs from two or three
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individuals; and the number of eggs is the estimate for a single indi-

vidual of medium or large size, or the extremes of variation in two or

more individuals. The measurements given have all been made from

alcoholic specimens, and in some cases, where the eggs were not very

well preserved, may not agree perfectly with measurements of fresh

eggs, though all the measurements are probably vithin the range of

variation for the species. Measurements of fresh eggs of Romarus

Americmius and Palcemonetes vulgaris, and of the same eggs after pres-

ervation in alcohol, show no marked shrinkage in the diameter of the

chorion, and this probably holds good for other Decapod eggs when well

preserved. In many cases the form of the egg, and possibly the size

also, changes slightly during the development of the embryo, there

being a tendency for the egg to elongate as development proceeds. For

this reason, as well as for greater ease of comparison, the average of

the longer and shorter diameters is given.

Diameter and number of Decapod eggs.

Speeies and bathymetrical habitat.

BRACHYURA.

Maioidea.

Hyas araneus
Hyas coarctatus
Lispognathua Thomsoni
Collodes depressus
< Jollodes robnstus
Eupiognatha rastellifera
jSletoporhapis calcaratna
Leptopodia sagittaria
Podochela Riisei

Canceoidea.

Callinectes hastatus
Neptnnus Sayi
A ehelous anceps .

.'

( leivoii quinqnedena

OCYPODOIBEA.

TTantilograpsus minutns
Pinnixa cbactopterana....

ANOMURA.

Latukii.uoidea.

Lafreillia elogans

nOMOLOIDEA.

Homola barbata

LlTHODOIHEA

Lithodes Agassizii

PAOUUOniEA,

Eupagurus I lernhardus
Eupagurus politus
Eupagurus pubescens ...

Eupagurus Kroyei'i
• latapagurua Sharrcri
i latapagurus gracilis
Parapagurna pilosimanus

Fathoms.

200
300

400
200

-100
-100 to
200 to
-100
-100 to
-100 to
-100
-100
-100

—100
-100
—100
—100 to 1,100

—100
—100

—100 to
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Diameter and number of Decapod eggs—Continued.
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Species and bathymetrical habitat.

ANOMURA—Continued

Galatheoidea.

Mnnida Carib»a ? Smith
Munidopsis curvirostra
Munidopsis Bairdii
Miinidopsia crassa
Munidopsis siruilis

Muuidopsis rostrata
Auoplonotus politus

MACRTJRA.

EETONTID^!.

Pontacheles sculptus
Pentacheles nanus

Homarid^: .

Honiara s Americanus

Crangonid^:.

Crangon vulgaris
Sclorocrangon Agassizii
Seleroorangon boreas
Pontophilus brevirostris
Pontophilus Norvegicus
Pontophilus abyssi ,

Nectocrangon lar
Sabinea septemcarinata
Sabinea Sarsii
Sabinea princeps

GLYPHOCKANGONnXE:.

Glyphocrangon sculptus
Glyphocrangon longirostris

ALPHEID.E.

Hippolyte spinus
Hippolyte Gaimardii
Hippolyte polaris ,

Bythocaris gracilis ,

By t hocaris nana
Latreutes ensi torus
Viibitis zostericola
Paudalus propinquus
Pandalus borealis
Pandalus leptocerus

1'Ai.^MONro^:.

Palaemon forceps
Leander tenuicornis
1 ':i laemonetea v ulgaris

NEMATOCARCINID.E.

Nematocarcinus ensiferus
Nematocarcinus cursor

MIEKSIID2E.

A canthephyra Agassi/.ii
Acanthephy ra brevirostris
Acanthephyra gracilis
Hymenodora gracilis

rAsii'HAiD^:.
•

Pasiphae tarda
Pasiphae princeps
Parapasiphae sulcatifrons ,

Fathoms.

—100 to 300
-100 to 1, 300
1,500 to 1,800
1, 700 to 2, 000

1,000
1,100 to 1,400
-100 to 200

300 to 1,100
700 to 1,900

-100
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BRACHYURA.

MAIOIDEA.

Leptopodia sagittaria Lead).

Station 2280, October 19, off Cape Hatteras, north lat. 35° 21', west
long. 75° 21' 30", 10 fathoms, gray sand ; 2 5,19 (8841).

Metoporhapis calcaratus Stimpson.
Leptopodia calcarata Say, Jour. Acad. Nat. Sci. Phila., i, p. 455, 1818.

Metoporhapis calcarata Stimpson, Ann. Lyceum Nat. Hist. New York, vii, p.

198 (70), I860.

Metoporhapis forfwulatus A. M.-Edwards, Crust. Region Mexicaine, \>. 174, pi.

31, figs. 3-3e, 1878.

Specimens examined.

[Locality: Off Cape Hatteras.]
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Collodes depressus A. M.-Edwards.

621

Crust. Region Mexicaine, p. 176, pi. 32, figs 4-4 e, 1878. Smith, Proc. National
Mas., vi, pp. 5, 8, 1883.

Station 2296, off Cape Hatteras, October 20, north hit, 35° 35' 20",

west long. 74° 58' 45", 27 fathoms,. coarse gray sand; three females, two
of which were carrying eggs (724S).

Collodes robustus Smith.

Specimens examined.

[Locality: Off Chesapeake Bay.]

® .
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Lispognathus Thomsoni A. M.-Edward8.

Ddrynchus Thomsoni Norman, in Thomson, Depths of the Sea, p. 174 (cut),

1873.

Lispognathus Thomsoni A. M.-Edwards. Rapport sur la Faune sous-marine

dans les grandes profondeurs de la Me"diterran6e et de l'Oce'au Atlantique

(Arch. Missions Sci. et Litteraires, ix), pp. 16, 39, 1882 ; Recueil de figures

de Crustacds nouveaux ou peu connus, pi. [3], 1883.

Lispognathus fnrcatus Smith, Proc. National Mus., vi, p. 12, 1883.

(Plate I, Figs. 1, la.)

Specimens examined.

o



[19] DECAPODA FROM ALBATROSS DREDG1NGS. 623

tenths as long as the rest of the carapax. The three erect gastric and

the postorbital spines are siibequal and very slender and acute, and the

postorbital spine each side is situated slightly in front of a line from the

middle to the lateral gastric in the females, but slightly in front of it in

the male. The cardiac spine is considerably stouter and a little higher

than the gastric spines, and either side of it on the dorsal part of the

branchial region there is a much smaller erect spine, and on a line be-

tween this and the lateral gastric there is a similar spine in the females,

but only a minute spine or tubercle in the male. There are two or three

minute spines or tubercles on the protuberant superior lobe of the hepatic

region, and about as many more back of these on the side of the branchial

region, while on the inferior hepatic lobe, opposite the middle of the

buccal area, there is a much larger spine directed downward, and back

of this a smaller one, near the base of the chelipcd. The supraorbital

spine is slender and about as long as the gastric spines, and in the male

the iuterantennular is fully as long, stouter, and directed downward and
curved slightly forward. The basal segment of the antenna is irregu-

larly armed beneath with small spines or teeth, and in the male with a

slender spine at the distal end. The eye-stalk is armed with a minute

spine or tubercle in front, and above with a small tubercle at the emargi-

nation of the cornea. The exposed surface of the ischium and merus of

the external maxillipeds is armed conspicuously with marginal and sub-

marginal spines, of which one on the inner edge of the merus is very

Long.

The chelipeds in the male are stout and nearly twice as long as the

carapax, including the rostral horns ; the merus is a little shorter than

the chela and triquetral, with all three of the angles thickly armed with

very long and slender spines; the carpus is rounded externally, but

armed like the merus; the chela is longer than the carapax, excluding

the rostral horns, and naked and unarmed except by a few spines along

the proximal part of the dorsal edge; the body is stout and swollen,

and the digits slightly shorter than the body, nearly straight vertically

but strongly curved laterally, very much compressed, grooved longitu-

dinally on the sides and on the rather broad dorsal edge of the dactylus,

and the prehensile edges crenately serrate and in contact throughout

when closed. In the female the chelipeds are only about once and a

half as long as the carapax, including the rostral spines, much more
slender than in the male, and armed with proportionally longer spines;

the chela is much shorter than the carapax, excluding the rostral horns;

the body is scarcely at all swollen, and is armed with slender spines

along both edges and with minute spines or tubercles on the sides, and

the digits are proportionally longer and narrower than in the male.

The ambulatory legs are very long and slender, clothed to the tips of

the dactyli with numerous curved setiform hairs which persistently re-

tain mud aud other foreign substances, and each is armed with a slender •

spine on the upper side of the distal end of the merus.
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Iu the male the abdomen is much broader relatively to the sternum

than in Euprognatha rastellifera, and has a low tuberculiform elevation

on each somite. The first and second somites are narrow, the third

broadest of all, the fourth and fifth successively a very little narrower,

the fifth fully twice as broad as long, and the sixth and seventh consol-

idated as in Euprognatha and Collodes, together much broader than long

and very broad and obtuse at the tip. The appendages of the first

somite reach nearly to the tip of the abdomen, and their tips are stout

and curved outward very strongly.

The eggs are numerous, nearly spherical, and approximately 0.7""" in

diameter in alcoholic specimens.

These specimens and three others from the Bay of Biscay give the

following

:

Measurements in millimeters and hundred/Its of length of carapax.

Station.

Sex
Length of carapax, including rostral spines
Length of carapax, excluding rostral spines
Breadth of carapax, including spines
Breadth of carapax, excluding spines

Same in hundredths of the length, excluding rostral

spines
Breadth of front between orbits

Length of cheliped
Length of chela
Breadth of chela, excluding spines
Length of dactylus
Length of first ambulatory pemeopod
Length of propodus
Length of dactylus
Length of second ambulatory peraeopod
Length of propodus
Length of dact.\ lus
Length of fourt h ambulatory peraeopod v
Length of propodus
Length of dactylus

1,090.

12.0
9.3
7.fi

7.6

82
2.0

23.0
10
3.1
4.6

41.0
13. 5 •

8.6
37.0
10.8
7.0

31.0
9.0
5.5

?
12+
10.8
9.6
9.3

86
2.1

19.0
8.0
2.1
4.0

38.

12.0
8.0

34.0
9.9
6.8

30.0
8.0
6.0

10.5
9.4
9.3

98
2.0

20.

8.5
2.0
4.5

36.0
10.7
7.3

31.0
8.8
6.1

Bay of Biscay.

7.0
5.8
5.7

81
1.6

13.0
5.4
1.3
2.6

27.0
9.0
6.

24.

7.1
5. 3

20.0
6.0
4.2

82
1.4

?
7.1
6.3
5.2
5.1

81

1.4

Anamathia Agassizii Smith.

Amathia Agassisii Smith, Bull. Mus. Comp. ZooL, x, p. 1, pi. 2, figs. 2, 3, 1S82;

Proc. Nat. Mus., vi, p. 3, 1883; Report U. S. Fish Com., x, for 1882, p.

346, 1884.

Anamathia Agassizii Smith, Proc. Natiomil Mus., vii, p. 497, 1885.

(Plato I, Figs. 2, 3, 3a.)

Specimens examined.

® .
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Measurements in millimeters.

Catalogue manlier.
Station :

8043
2200

Sex
Length of carapax, including rostral and posterior spines .

Length of carapax, excluding rostral and posterior spines.
Length of rostral horns or spines
Breadth of carapax, including lateral spines
Breadth of carapax, excluding lateral spines
Length of branchial spines
Length of choliped
Length of chela
Breadth of chela
Length of dactylus
Length of first ambulatory pera;opod
Length of dactylus
Length of second ambulatory peraeopod
Length of dactylus
Length of fourth ambulatory perseopod
Length of dactylus

J
70
57
13
48
45
4

109
51
6.5
18

180
29
144
27
114
24

Prof. G. O. Sars, in his great work on the Crustacea of the Norwegian
North-Atlantic Expedition, states that tins species is evidently con-

generic with Scyramathia Carpenteri A. M.-Edwards, and his excellent

figures and description of that species incline me not only to adopt the

same view, but to include, with A. Agassizii, all the other American

species, and, moreover, to be somewhat doubtful of the validity of the

genus Scyramathia, notwithstanding that Professor Sars regards it as

widely separated from Anamathia. In regard to the systematic position

of Scyramathia, Professor Sars says: "It should certainly, from the

structure of the orbita and other characters, be classed under the family

Maiidse, within the limits at present usually assigned to that family,

hence comparatively remote alike from the genus Amathia and from the

genus Scyra, the first of which belongs to the family Pericerhhe, accord-

ing to the revision of the Oxyrhyncha lately published by E. Miers.

Again, among the Maiidoe it unquestionably belongs to the sub-family

Maiinse, and would seem to approximate closest to the genus Hyastenus

White, chiefly represented in the northern part of the Pacific Ocean."

When proposing the genus Scyramathia, A. Milne-Edwards (Comp.

lend. Acad. Sci. Paris, xci, p. 35G, 1881) gives no characters whatever

by which it may be distinguished from Anamathia, but from the fact

that he places in it Scyra umbonata Stimpson,it is very readily inferred

that he regarded the peculiar truncated tubercles with which the cara-

pax is armed in both species as the principal generic character. That

he did not base the separation on the character of the orbits is evident

from the fact that he has retained in the genus Amathia several species

(one of which is very likely specifically identical with A. Agassizii) in

which the structure of the orbits is similar to that in Scyramathia Car-

penteri. Unfortunately I have seen no specimens of the Mediterranean

A. Eissoana, the type of the genus Anamathia, but judging by the fig-

ures given by Eoux, and more particularly those in the third edition of

Lo Itegne Animal de Cuvier, it is very closely allied to the American

species referred to the genus, and the structure of the orbits appears to

be not unlike that in Scyramathia Carpenteri, except that no supraorbital

or preorbital spines or processes are shown in the figures, and their ab-

S, Mis. 70 40
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seiice is confirmed by Miers's diagnosis of the genus. The preorbital

spines/though prominent in A. Agassizii, crassa, Tanneri, and hystri.r, are

small and inconspicuous in Scyramathia Carpenteri, their absence would

apparently change the character of the orbits very little, and, as Miers

has said in another place, is " a character which by itself cannot be con-

sidered of generic importance." It is still quite possible that A. Rissoana

is different enough to be separated from the American species, in which

case they should all, apparently, be referred to Scyramathia, which, as

Professor Sars remarks, belongs most properly to the Maiidae. Miers,

however, evidently saw the resemblance between A. Rissoana and the

Maiidse, for he says that the genus Halimus, which he places next to

Amathia, " establishes a transition to the Maiidw.''1 Until A. Rissoana

is. carefully compared with the other species, it seems best to retain them

all in the genus Anamathia.

Though Professor Sars is "greatly disposed to regard the two forms as

identical," I think there can be very little doubt that Stimpson's Seyra

umbonata is at least specifically distinct from Anamathia, Carpenteri.

Stimpson says of his species that " the rostrum is rather longer than

the interorbital width of the carapax," while in A. Carpenteri the rostrum

is more than twice as long as the interorbital width of the carapax.

Moreover, Stimpson compares his species with Scyra acntifrons Dana,

which has a broad lamellar rostrum, divided only at the tip, and very

unlike the long and spreading rostral horns of the species of Anamathia,

and he nowhere alludes to rostral horns, as he does under his Amathia

modesta, or even mentions that the rostrum is divided at all. It is, per-

haps, useless to speculate upon the affinities of Stimpson's species until

it is rediscovered, but I am confident that it will be found to have a ros-

trum very different from that of Anamathia Carpenteri.

Anamathia Tanneri Smith.

Amathia Tanneri Smith, Proc. National Mus., vi, p. 4, 1883.

Anamathia Tanneri Smith, Proc. National Mus., vii, p. 493, 1885.

(Plate I, Fig. 4.)

I have seen only the type specimens taken by the Fish Hawk in 1881.

The figure is from the larger of these specimens.

Hyas coarctatus Leach.

Specimens examined.

-2-°
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Station 2308, off Cape Hatteras, is the farthest south that this species

has been observed.

LlBINlA EMARGINATA Leach.

Libinia emarginata Leach, Zoological Miscellany, ii, p. 130, pi. 108, 1315.

Libinia canaliculate Say, Jour. Acad. Nat. Sci. Phila., i, 77, pi. 4, fig. 1, 1817.

Specimens examined.

[Locality: Off Cape Hatteras.]

3 a
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Lambrus Verrillii Smith.

Proc. National Mus., iii, p. 415, 1881; vi, p. 14, 1883.

(Plate II, Fig. 2.)

Specimens examined.

[Locality: Off Martha's Vineyard.

J
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Platylambrus serratus A. M.-Edwards.

Lambrus serratus M.-Edwards, Hist. Nat. Crust, i, p. 357, 1834 (teste A.M.-
Edwards).

Lambrus crenulatus Saussurc, Crnst. Mexique et des Antilles, p. 13, pi. 1, fig 4,

1858. Stimpson, Ann. Lyceum Nat. Hist. New York, vii, p. 201 (73), I860;

Bull. Mus. Comp. Zool., ii, p. 129, 1870 (Platylambrus is suggested as an

appropriate name for a group, to which this species and L. laciniatus De
"Haan belong, if future studies prove it to be distinct from the triangular

Lambri, but the new name is not adopted).

Platylambrus serratus A. M.-Edwards, Crust. Region Mexicaine, p. 15G, pi. 30,

1-lc, 1878.

With the last species at station 2296 ; one male and one small female

(7249).
CANCROIDEA.

Cancer borealis Stimpson.

Specimens examined.

[Locality: Off Chesapeake Bay.]

IIa a
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Cancer irroratus Say.

Specimens examined.

[Locality: Off Martha's Vineyard.]

[26]
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Geryon quinquedens Smith.

Specimens examined.

[Locality: Off Chesapeake Bay.]

631
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All the specimens from stations 2269, 2271, 22S3, 2291, 2302, anft

2303 differ conspicuously in color from all the specimens from stations

2285 and 2286, and from all ordinary specimens from the New England
coast, and represent a well marked variety. These specimens, though
recently preserved, like the others, in strong alcohol, present no trace

whatever of the beautiful dark purplish red markings upon the dorsal

surface of the carapax, chelipeds, and ambulatory peraeopods, these

parts being a uniform obscure brownish yellow, except the spine on the

inner side of the carpus and a few tubercles on the chela, which are dark

reddish brown in many of the specimens. The smooth areas between

the teeth of the anterolateral margin of the carapax are very much
larger'and more conspicuous, and the tubercles of the margin itself are

larger and more regular, as are also the tubercles on the dorsal sur-

face of the chelae in most of the specimens. The following measure-

ments of seven specimens of the unspotted variety, followed by sim-

ilar measurements of four normal specimens from the same region, and

two others from Vineyard Sound, show no noticeable differences in the

proportions of the carapax or chelae

:

Measurements in millimeters.

Catalogue number.

Station

Sex
Length of carapax, including frontal spine.

.

Breadth of carapax in front of lateral spiue.
Breadth of carapax, including lateral spine.
Breadth between external angles of orbits...
Length of chela
Height of chela
Length of dactjius

7228.

2283.

d
42.0
48.0
52.0
22. ::

:::>. 5

11.4
19.0

8779.

2271.

d
45. 5
51.0
51.5
25.6
39.

5

12. 2

20.8

8813.

2303.

<S

47.5
54.0
57.3
25.3
42.0
12.7
22.0

7283.

2383.

d
50.0
56.5
6(1.

26.7
48.0
14.0
24.8

8751.

2269.

d
51.5
58. 5

63. (I

26.6
49.0
14.0
26.0

8811.

2302.

?
49.7
56.6
60.0
26.0
39.8
13.2
22.0

8856.

2291.

?
52.

59.

63.0
27.6
42.0
13 8
24.5

Catalogue number

Station

Sex
Length of carapax, including frontal spine.
Breadth of carapax in front of lateral spine
Breadth of carapax, including lateral spine
Breadth between external angles of orbits..,
Length of chela ,

Height of chela
Leugthof dactylus

,

8791.
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Bathynectes longispina Stimpson.

Bathynectes longispina Stimpson, Bull. Mus. Comp. Zool., Cambridge, ii, p. 146,

1870 (young <J ). A. M.-Edwards, Crust. Region Mexicaine, p. 234, pi. 42,

fig. 1, 1879 (young $ ). Smith, Proc. National Mus., iii, p. 418, 1881 ; vi, p.

17, 1883.

Bathynectes hrevispina Stiiup. ,loc. cit.,p. 147, 1870 (large 9). A. M. -Edwards,

op. cifc., p, 235, 1879 (=Stimpson).

Specimens examined.

[Locality: Off Martha's Vineyard.]

be «
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with Ordway's description, I mention an indeterminable "sterile"

female from the same locality as possibly belonging to qrnatus or to

Iwoatus.

Achelous spinimanus De Haan.

Portunus spinimanus Latreille.

Lupa spinimana Leach, in Desinarest, Considerat. Crust., p. 98, 1825.

Jchelous spinimanus De Haan, Fauna Japonica, Crust., p. 8, 1833. A. M.-Ed-

wards, Archives Mus. Hist. Nat., x, p. 341, pi. 32, fig. 1, 1861; Crust. Re-

gion Mexicaine, p. 230, pi. 39, figs. 2-2a, 1879.

Station 2285, October 19, off Cape Hatteras, north lat. 35° 21' 30",

west long. 75° 24/ 25", 13 fathoms, gray sand ; 1 6 ,
and 7 9 (8853).

Achelous Gibbesii Stiinpson.

Lupa Gibbesii Stimpson, Ann. Lyceum Nat. Hist. New York, vii, p. 57 (11),

1859.

Achelous Gibbesii Stimpson, loc. cit., p. 222 (94), 18(50.

Neptunus Gibbesii A. M. -Edwards, Archives Mus. Hist. Nat., x, p. 326, pi. 31,

fig. 1, 1861 ; Crust. Region Mexicaine, p. 215, 1879.

Specimens examined.

[Locality: Off Cape Hatteras.]

fi
St©CO
as
«s



[31] DECAPODA FROM AU4ATROSS DREDG1MGS. G35

Achelous spjnicarpus Stimpson.

Bull. Mus. Comp. Zool., ii, p. 148, 1870.

Neptunus spinicarpus A. M. -Edwards, Crust. Rtfgiou Mexicaine, p. 221, pi. 40,

figs. 1-16, 1879.

Specimens examined.

[Locality: Off Cape Hatteras.]

0,0
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HErATUS decorus Gibbes ex Herbst.

Specimens examined.

[Locality: Off Cape Hatteras.]

[32]
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Measurements in millimeters.

Length of carapax to middle of front 18.

Length of carapax, including lobes of front 18.

4

Breadth of carapax, including lateral teeth 20. 2

Greatest breadth, excluding lateral teeth 19.

8

Length of cheliped 20.0

Length of chela 10.

2

Breadth of chela, including teeth 6.

1

Length of dactylus 5.

Length of first ambulatory perseopod 20. 6

Length of second ambulatory perseopod 15.5

Persephone punctata Stimpson ex Browne.

Specimens examined.

[Locality: Off Capo Hatteras.]

o
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PORCELLANOIDEA.

POKCELLANA SAYANA White.

Specimens examined.

[Locality: Off Cape Hatteras.]

[34]
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Measurements in millimeters.

639

Catalogue number
Station

Six
Length of carapax, including rostrum and posterior spines
Length of carapax, excluding rostrum and posterior spines
Breadth of carapax between tips of hepatic spines
Breadth of carapax between tips of branchial spines
Greatest breadth of carapax, excluding spines
Length of rostrum
Length of spines at base of rostrum
Length of anterior gastric spines
Length of anterior cardiac spines
Length of right chcliped
Length of right chela '.

,

breadth of right chela
Length of dactylus of right chela
Length of loft cheliped
Length of left chela
Breadth of left chela
Lengl h of dactylus of left chela . ..t

Length of first ambulatory pencopod
Length of second ambulatory pergeopod
Length of third ambulatory peraeopod
Greatest expanse of ambulatory peiasopods

8050
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Specimens examined—Continued.

[Locality: Off Long Island.]

©
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Eupagurus pubescens Brandt ex Kroyer.

Specimens examined.

[Locality: Off Martha's Vineyard.]

641
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Eupagurus longicarpus Stimpson ex Say.

Station 2288, Oct. 20, 1884, off Cape Hatteras, north lat. 35° 22' 40'%

west long. 75° 25' 30", 7 fathoms, coarse gravel; 1 specimen (8885).

Eupagurus pollicaris Stimpson ex Say.

Specimens examined.

[Locality: Off Cape Hatteras.]

® .
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Parapagurus pilosimantjs Smith.

Specimens examined.*

643
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Specimens examined—Continued.

[Locality : Off Chesapeake Bay.]

* .
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Munidopsis curvirostra Whiteaves.

Specimens examined

645
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Female.—The carapax is very broad and the lateral margins nearly

parallel. The front is gradually narrowed from between the bases

of the peduncles of the antennae into a very broad, stout, triangular,

and nearly horizontal rostrum about half as long as the greatest

breadth of the carapax, and over the bases of the ocular spines fully

half as broad as long. The rostrum is flat or very slightly concave,

and nearly smooth beneath, but the dorsal side has a strong median

carina, and is roughened with small tubercles ; the sharp lateral edges

are armed with a few minute teeth. There is a prominent acutely

triangular spine on the anterior margin over the base of the antenna

each side, and outside of this a conical spine directed forward from the

angle of the small hepatic region, which really forms the anterolateral

angle of the carapax, though the anterior lobe of the branchial region

expands laterally much beyond the hepatic region, and is armed at its

anterior angle with a great dentiform spine, back of which there are

several smaller spines on the lateral margin of this lobe and a single

small one at the anterior angle of the posterior branchial lobe. The
gastric region is prominent, and armed in front with a pair of sharp

conical spines, and back and outside of these with many smaller spines

and tubercles, as are also the anterior branchial lobes, and the extreme

anterior portions of the branchial and cardiac regions. The cervical

suture and the suture between the anterior and posterior lobes of the

branchial region are marked by smooth grooves, of which the gastro-

cardiac portion of the cervical is the most conspicuous. The whole pos-

terior part of the cardiac and branchial regions is armed with sharply

crenulated, transverse, and brokeu rugae with smooth spaces between,

and a broader smooth space along the posterior margin, which is armed

with a high double crest, the edges of which are sharply crenulated.

The eye-stalks are short, broad, and somewhat cuboidal in form, are

capable of very little motion, bear the rather small hemispherical white

eye partially embedded at the end, which projects on the dorso-mesial

side in a slender spine longer than the diameter of the cornea, and are

armed with a much smaller spine on the outer edge just back of the eye,

and with a very small spine or tubercle similarly situated on the lower

mesial angle.

The stout first segment of the peduncle of the antennula is armed
distally with two long spines on the outer side, and beneath with a

short, somewhat truncated and minutely dentate process. The sec-

ond segment of the peduncle of the antenna is armed with a denti-

form process below and a sharp tooth on the outer side ; the third seg-

ment is armed with a single large distal spine on the outside; the fourth

and fifth segments are only inconspicuously armed. The flagellum is

slightly compressed, more than twice as long as the carapax, and

sparsely clothed with slender setae.

The infero-mesial edge of the merus of the second gnathopod is armed
with three conical spines.
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The chelipeds are not very much longer than the carapax, including

the rostrum, and very stout; the merus is considerably shorter than
the chela and armed with a few sharp spines aloug the dorsal edge and
.at the distal end, and with numerous small tubercles; the carpus is

armed somewhat like the merus, but there are more and smaller spines

at the distal end; the chela is about as long as the breadth of the car-

apax between the hepatic spines, more than a third as broad as long,

considerably compressed vertically, somewhat roughened with small

tubercles, especially along the inner edge, and with the stout and
straight digits making more than half the whole length. The three

pairs of ambulatory peraeopods are very nearly alike and a little longer

than the chelipeds ; the meri and carpi are roughened with small tu-

bercles, angulated, and armed with a series of spines above; the pro-

podi are angulated, with all the angles rough and tuberculous and the

dorsal spiny ; the dactyli are very stout, very slightly tapered except

near the curved, acute, and chitinous tip, and armed along the lower

edge with a series of stout spiniform teeth which rapidly decrease in

size and become obsolete proximally. The posterior peraeopods are

very nearly as in the allied species.

The pleon is about as broad as the carapax, only slightly narrowed
posteriorly, and the dorsum is transversely rounded and devoid of lon-

gitudinal carinas, teeth, or spines. The second and third somites each
have two slightly roughened transverse ridges upon the dorsum sepa-

rated by a smooth sulcus, but the dorsa of the succeeding somites are

nearly smooth. The posterior margin of the sixth somite projects in a
prominent median lobe, with a smaller and much less prominent lobe

either side. The exposed parts of all the pleura are sparsely tubercu-

lous and their lower edges obtuse. The second pleuron is broader than
the others and its anterior edge upturned, leaving a broad depression

between it and the prolongation of the transverse carina of the dorsum,
which makes a median ridge.

The telson, uropods, and pleopods are very nearly as in M. Bairdii

ane M. rostrata.

The eggs in the recently preserved alcoholic specimen measure 3.4 by
3.6mm in less and greater diameter.

Measurements are given farther on with those of the next species.

Munidopsis similis Smith.

Proc. National Mns., vii, p. 496, 1885.

(Plate V, Figs. 1-le; Plate VI, Figs. 2, 2a.)

Station 2192, August 5, 1884, north lat. 39° 46' 30", west long. 70©

14' 45", 1,060 fathoms, globigerina ooze, temperature, 38.0°; one fe-

male (8255).

This species, represented by a single egg-bearing female, is very

elosely allied to M. crassa, and will possibly prove to be a variety of it.

The single specimen is very much smaller than those of M. crassa, but
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is evidently fully adult if not grown to the full size to which the species

attains.

Female.—The form and proportions of the carapax are almost exactly

as in the last species, but all the marginal spines are more slender and

the only spines on the dorsal surface proper are a single pair on the

anterior part of the gastric region ; the rest of the anterior part of the

carapax being only slightly roughened with minute transverse broken

rugae, while the posterior portions are armed very nearly as in crassa,

though the carina of the posterior margin is proportionally wider and

not distinctly double nor sharply crenulated.

The eyes, antennulae, and antennas are almost exactly as in the last

species, and so are the oral appendages, except the merus of the second

gnathopod, which is armed with a few scarcely spiniform tubercles in

place of conical spines.

The right cheliped is considerably smaller than the left, and is appar-

ently a reproduced appendage. The left is considerably more slender

and much longer than in crassa, being fully once and two-thirds as

long as the carapax, including the rostrum; the merus is armed along

all the angles, except the outer or posterior, as well as at the distal

end, with long spines ; the carpus is armed dorsally with three spines

at the distal end, and with one or two on the inner edge; the chela is

much longer than the greatest breadth of the carapax, a third as broad

as long, armed along the inner edge with two or three spines, and has

the digits about half the whole length. The ambulatory peraeopods are

nearly alike and a little longer than in crassa ; the meri and carpi are

armed nearly as in that species, but the propodi each have only a single

spine on the dorsal edge.

The whole dorsal surface of the pleon is nearly smooth, though there

is a shallow transverse sulcus on the second and third somites. The

middle of the posterior margin of the sixth somite is truncated and less

prominent than the small lobe on either side.

The eggs are apparently considerably smaller than in crassa, meas-

uring 2.7 by 2.9mm in the recently preserved alcoholic specimen, which

was carrying only 24 eggs, the bulk of which was equal to between an

eighth and a ninth of the bulk of the entire animal excluding the eggs.

Measurements in millimeters.

M. crassa.
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Measurements in millimeters—Continued.

649

M. similis.

Length of spine
Diameter of eye
Length of right cheliped
Length of right chela
Breadth of risht chela
Length of dactylns
Length of left cheliped
Length of left chela
Breadth of chela .

Length of dactylus
Length of first ambulatory perseopod
Length of propodus ,

Length of dactylus
Length of posterior peraeopod
Length of telson
Breadth of telson
Length of inner lamella of uropod . .

.

Breadth of inner lamella of uropod. .

.

Length of outer lamella of uropod . .

.

Breadth of outer lamella of uropod . .

.

MUNIDOPSIS EOSTEATA Smith.

Galacantha rostrata A. M.-Edwards, Bull. Mus. Comp. Zool., viii, p. 52, 1880.

Smith, ibid., x, p. 21, pi. 9, figs. 2-2a, 1882; Eeport U. S. Fish Com., x,

for 1882, p. 355, 1884.

Munidopsis rostrata Smith, Proc. National Mus., vii, p. 493, 1885.

(Plate VI, Figs. 1, la.)

Specimens examined.

a u
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EUMUNIDA PICTA Smith.

Proc. National Mus., vi, p. 44, pi. 2, fig. % pi. 3, figs. 6-10, pi. 4, figs. l-3a, 1883.

Station 2264, October 18, off Chesapeake Bay, north lat. 37° 07' 50",

*vest long. 74° 34' 20"; 167 fathoms, gray sand, temperature, 58°; one

male and one small female (8891). The male, which is larger than any

previously seen, gives the following:

Measurements in millimeters.

Length from tip of rostrum to tip of telson 50

Length of carapax, including rostrum 26.

2

Length of rostrum 8.2

Breadthof front 6.9

Breadth at basis of antennal spines 12.

4

Greatest breadth, including spines 18.7

Length of eye-stalk and eye 3.

9

Greatest diameter of eye 3.

1

Length of cheliped 70

Length of merus 29

Length of carpus 5.

5

Length of chela* --- 30

Breadthof chela 3.4

Length of dactylus 15

Length of first ambulatory peraBopod 42

Length of propodus 13-3

Length of dactylus 6. 3

Length of telson 4.4

Breadth of telson 9.5

Length of inner lamella of uropod 4.5

Breadth of inner lamella of uropod 3.1

Length of outer lamella of uropod 5.5

Breadth of outer lamella of uropod 3.2

MACRURA.

ERYONTID-ffi.

Pentacheles sculptus Smith.

Specimens examined.

© .
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Pentacheles nanus Smith.

(Plate VII, Figs. 1, la.)

Specimens examined.

651
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SCLEROCRANGON AGASSI!!.

[48]

Ceraphilus Agassizii Smith, Bull. Mue. Comp. Zool., x, p. 32, pi. 7, figa. 4-5a,

1882; Rep. U. S. Fish Com., x, for 1882, p. 362, 1884.

Specimens examined.

bee
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PONTOPHILUS BREVIROSTRIS Smith.

Specimens examined.

[Locality: Ofi Long Island.]

653
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Length of second perseopod 9.5

Length of third perseopod 25.0

Length of merus 6.

Length of carpus 7.3

Length of propodus 3.

7

Length of dactylus 1.9

Length of fourth peneopod 23.

Length of merus 5.

4

Length of carpus 3.

3

Length of propodus 4.5

Length of dactylus 2.8

Length of sixth somite of pleon 11.0

Height of sixth somite of pleon 3.

5

Length of telson 11.5

Length of inner lamella of uropod 9.0

Breadth of inner lamella of uropod 1.7

Length of outer lamella of uropod 8.4

Breadth of outer lamella of uropod 2.5

PONTOPHILTJS GRACILIS Smith.

Bull. Mus. Comp. Zool., x, p. 36, pi. 7, figs. 2, 2a, 26, 2c, 3, 3a, 1882.

(Plate XI, Figs. 1, la, 2.)

This species, first described from a single specimen in the Blake col-

lection of ] 880, has not yet been found in the Albatross collections, al-

though two specimens were taken by the Fish Hawk in 1881 off Martha's

Vineyard : Station 994, September 8, north lat. 39° 40', west long. 71°

30', 3G8 fathoms, mud, temperature 40°—one female ; and station 1029,

September 14, north lat. 39° 57' 6", west long. 69° 16', 456 fathoms, mud
and sand, temperature 40°—one male.

Sabinea princeps Smith.
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A female 130mm in length, taken in 1885 at station 2546, was carrying

353 eggs, about 2.6 by 3.0mm in shorter and longer diameter. Although
so few in number the eggs were equal to a fifth of the bulk the entire

animal exclusive of the eggs.

Sabinea Sarsii Smith.

(Plate X, Figs. 3, 3a, 4.)

This northern species was not taken in 1884 and is figured from

specimens taken the year previous.

GLYPHOCRANGONID-S3.

Glyphocrangon sculptus Smith.

(Plate VIII, Fig. 3; Plate IX, Figs. 1, 2.)

Station 2196, August 6, north lat.39° 35', west long. 69° 44', 1,230 fath-

oms, green mud, temperature 38°; one female carrying 97 eggs (8073).

The eggs measured 2.6 by 3.4mm in shorter and longer diameter, and the

entire number were equal to rather more than a tenth of the bulk of the

entire animal exclusive of the eggs.

Glyphocrangon longirostris Smith.

Bhachocaris longirostris Smith, Bull. Mus. Couip. ZooL, x, p. 51, pi. 5, fig. 1,

pi. 6, fig. 1, 1882.

Glyphocrangon longirostris Smith, Report U. S. Fish Com., x, for 1882, p. 365,

1884.

(Plate VIII, Figs. 1, 2 ; Plate IX, Figs. 3, 4, 5.)

Specimens examined.

• .
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tion, and toward the tip there is in addition a slight median carina.

The carinas of the carapax have nearly the same arrangement as in G.

sculptus. The tubercles of the slightly prominent dorsal carinas are all

very low, obtuse, and punctate, and the space between the carinae un-

armed or armed only by a few small tubercles in front. On the lateral

lobes of the gastric region the tubercles are all low and more or less

obtuse, except the anterior, which is acute and much more prominent

than the others. The antennal and antero-lateral spines are nearly as

in G. sculptus. The lateral carina of the antennal region is continuous

and terminates anteriorly in a sharp tooth, back of which the edge is

obtuse and punctate. Back of the cervical suture the upper lateral

carina is prominent ; the tubercles with which it is surmounted are all

obtuse and punctate. The middle lateral carina is continuous, broad,

and punctate, and the lower carina is very low, but well marked by
being punctate. The inferior margin of the carapax is carinated, as in

the other species.

The eye-stalks are very short, and the eyes themselves relatively about

as broad as in the other species, and in the alcoholic specimen are dark

purplish brown.

The peduncles of the antennulse reach to the tips of the antennal

scales in the female and a little beyond in the male, and are less hairy

than in G. sculptus. The inner flagellum is very slender, regularly

tapered, slightly longer than the outer, about as long as the carapax

excluding the rostrum, in the male, and considerably shorter in the

female, but in other respects not different in the two sexes. The proxi-

mal half of the outer flagellum is very broad and strongly compressed

vertically in the male, and tapers suddenly to the very slender termi-

nal portion, while in the female the proximal half, though compressed

and expanded, is only about half as broad as in the male. The anten-

nal scales are smaller than in G. sculptus, being only about three-sev-

enths as long as the carapax, excluding the rostrum, ovate, about three-

fifths as broad as long, and have a very indistinct tooth about the mid-

dle of the outer margin, which is only obscurely ciliated back of the

tooth.

The second gnathopods and first peraeopods are almost exactly as in

G. sculptus. The second peraeopods are alike in the two sexes and very

nearly like those of G. sculptus, but a little longer, reaching slightly by

the tips of the antennal scales, and the right carpus has about twenty-five

segments, two or three more than the left, which is very slightly shorter

than the right. The third peraeopods are nearly as in the other species,

reach a little beyond the tips of the antennal scales, and their dactyli

are a little more than a third as long as the propodi and very slender.

The fourth and fifth pairs of peraeopods are but very little if at all stouter

than the third; the fascicles of setae at the tips of the propodi are about

half as long as the propodi themselves, and the propodi are about as long

as in the third pair, strongly compressed as in G. Agassizii, but slender

and not expanded at all in the middle.
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The sculpturing of the abdomen resembles that of G. sculptus, but the

dorsal carina is less prominent and more obtuse, and the tubercles are

fewer in number, obtuse, and punctate. The marginal spines of the

pleura of the second to the fifth somite are all short, and there is

usually no posterior spine on the fifth. The lateral spines of the sixth

somite are about as prominent and fully as stout as in G. sculptus.

The telson is shorter than in the young specimen originally described,

being considerably shorter than the carapax exclusive of the rostrum,

and has nearly the same form and -sculpturing as in G. sculptus, though

the tip is slightly more upturned and the carinas smoother toward the

base. The outer lamella of the uropod is only about three-fourths as

long as ihe telson, rather more than a third as broad as long, with the

lateral spine farther from the tip than in the other species. The inner

lamella is narrow and usually longer than the outer. The uropodal

lamellae are, however, occasionally subject to considerable variation, as

shown in the first column of the accompanying table of measurements.

There is no appearance of injury or redevelopment in the uropods of

the specimen from which these measurements were taken, although the

abnormal variation is very likely due to some such cause.

A female 104mm long, taken, 1885, at station 2550, was carrying 80

eggs, 2.8 by 3.1mm in shorter and longer diameter, and the entire num-
ber were equal to a little more than a tenth of the bulk of the entire

animal, exclusive of the eggs.

Measurements in millimeters.

Catalogue number
Station -

Sex
Length from tip of rostrum to tip of telson ..

Length of carapax, including rostrum
Length of rostrum
Breadth of carapax in front, including spines
Breadth of carapax at cervical suture
Breadth of carapax back of cervical suture ..

Length of eye-stalk and eye
Greatest diameter of eye
Length of antenna! scale
Breadth of antenna! scale
Length of second guathopod
Length of lirst peneopod
Length of morns
Length of carpus
Length of propodns
Length of dactylus

Length of second peraeopod
Length of rooms
Length of carpus
Length of chela
Length of third peraeopod
Length of propodus
Length of dactylus '

Length of fifth'perfeopod
Length of propodus
Length of dactylus
Length of sixth somite of pleon ,

Length of telson

Length of inner lamella of uropod
Breadth of inner lamella of uropod
Length of outer lamella of uropod
Lroadth of outer lamella of uropod

~S7 Mis770 42~~

8257
2200

41.

19.

20.

13.

16.

5.

5.

8.

5.

22
21
8.2
2.

4.

2.

right.

29
5.3
13.5
1.2
35

2.

8.

17.

right.
13.3
2.9
12.0
4.8

1

5

left.

28
5.4
12.0
1.5

.5

.5

.0

3

5
left.

11.3
2.8

13.6
4.7

8257
2206

<s
101

5.8
5.7

18.3
right, left.

13.6
3.0
13.0
4.7

13.6
3.0
13.0
4.7

8256
2205

?
107
43.4
18.0
20.0
15.0
18.6
5.5
5.8
11.0
6.5
23
22
8.8
2.1
4.6
2.8

right, left.

32
5.5
14.5
1.6

33
5.5

15.0
1.3
35
8.2
2.6
36
8.4

9.0
20.0

right, left

14.5
3.5
14.0
5.8

14.6
3.5
14.0
5.7
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ALPHEIDiE.
Alpheus minus Say.

Station 2280, October 19, off Cape Hattoras, north lat. 35° 21', west,

long'. 7o° 21' 30", 10 fathoms, gray sand ; 15 specimens (8840).

Hippolyti: Liljeborgii Dauielsseii.

Specimens examined.

[Locality: Off Long Island.]

® .
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This species is closely allied to B. Payeri G. O. Sars, but the speci-

mens differ conspicuously from specimens of B. Payeri from the Faroe

Channel, received from the Bev. Dr. Norman, in the size' of the eyes

and the form of the antennal scales.

Female.—The carapax is about two-thirds as broad as its length

along the dorsum, and the front about a sixth as broad as the length

and very nearly as in B. Payeri, but the lateral teeth are a little more
prominent than in that species. The short median carina on thegastric

region terminates abruptly in a small tooth anteriorly, not present in

any of the specimens of B. Payeri. The eye-stalk and eye are about a

fourth as long as the dorsum of the carapax, and the diameter of the

black eye about three-fifths of the length of the stalk and eye. In the

specimens of B. Payeri the eyes are considerably smaller, about a fifth

as long as the carapax, and the diameter about half the length of the

eye and stalk. The first segment of the peduncle of the antennula is

armed with a very slender and acute lateral spine, which reaches nearly

as far forward as the segment itself. The antennal scale is fully as long

as the dorsum of the carapax and less than a third as broad as long,

while in B. Payeri it is rather shorter and considerably broader. The
perseopods and pleon are very nearly as in B. Payeri.

The eggs in the alcoholic specimens are about 1.8 by ±Amm in longer

and shorter diameter.

In the following table similar measurements of this species and a

specimen of B. Payeri are given for comparison.

Measurements in millimeters and hundredths of length of carapax.

B. gracilis. B. Payeri.

StatioD

Sex

Length from front to tip of telson.
Lengt h of carapax .

Breadth of carapax
Breadl h of front
Length of eye-stalk and eye
Greatest diameter of eye
Length of antennal scale ,

Breadth of antennal scale
Length of sixth somite of pleon...
Height of sixl h somite of pleon . ..

Length of telson
Length of inner lamella of uropod
Breadth of inner lamella of uropod
Length of outer lamella of uropod
Breadth of outer lamella of uropod

2116

Per
Mm. cent.

39. 0=464
8. 4 100
5.5
L4
2.0
1.3
8.5
2.8
(i. 1

2.3
7 5

5.6
1.8
7.0
2.4

65
17
24
15

101

35
73
27
80
67
21
83
29

Per
Mm. cent.

50. 0=476
10. 5
6.7
1.6
2.0
1.0
9.6
4.3
8.0
3.6
9.0
7.3
2.4
8.8
3.5

100
64
15
19
10
92
41
76
34
86
70
23
84
33

Bythoearis Payeri and the following species, B. nama, differ remarka-

bly from Hippolyte and the allied genera in the reduced number 'of the

branchiae and epipods. There are no epipods proper at the bases of any



6G0 REPORT OF COMMISSIONER OF FISH AXD FISHERIES. [56]

of the gnathopods or peraeopods, and no podobranchiae nor arthrobian-

chiae on any of the somites, as the following branchial formula shows:

Somites.

Epipotls
Podobranchiso . .

.

Arthrobranchite
Vleurobranchise

.

VII.
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tal end of the segment itself. The outer flagellum is very stout in both

sexes, and tapers rapidly to a very slender tip, reaching to, or a little

beyond, the tip of the antennal scale. The inner flagellum is very slen-

der, and slightly longer than the outer. The antennal scale is shorter

than the dorsum of the carapax, a little more than a third as broad as

long, and has the tip more elongated than in the last species. The fla-

gellum of the antenna is very slender, subcylindrical, and much longer

than the body of the animal.

The endopod of the second gnathopod reaches nearly to the tip of the

antennal scale ; the distal and proximal of the three segments of which

it is composed are approximately equal in length; the middle segment
is about two-fifths as long as the proximal, and the exopod scarcely

reaches to the middle of the proximal segment of the endopod and is

very slender. The first perseopods reach to near the tips of the peduncles

of the antennse ; the carpus and chela are together as long as the rest

of the endopod; the chela is about once and two-thirds as long as the

carpus, slightly stouter, about a fourth as broad as long, and the digits

slender and a little less than half as long as the whole length of the

chela. The second perseopods are very slender and reach considerably

beyond the antennal scales; the ischium and merus are subequal in

length; the carpus is a little less than twice as long as the merus, and

composed of eight segments; the chela is nearly cylindrical and about

once and two-thirds as long as the distal segment of the carpus, and

no stouter. The third, fourth, and fifth peraeopods are nearly alike, and

about as long as the second; the meri and propodi are subequal in

length, and the meri are armed with three to seven spines along the

distal part of the lower edge; the lower edges of the propodi arc

clothed with a few plumose hairs, and firmed with several very slender

spines ; the dactyli are approximately a fourth as long as the propodi,

slightly curved, regularly tapered to an acute tip, and armed along the

lower edge with a regular series of spinules.

The pleon is' somewhat geniculated and slightly compressed dorsally

at the third somite, but none of the somites are earinated. The telson

is a little shorter than the sixth somite, evenly rounded above, and

regularly tapered to a narrow truncated tip armed with six slender

spines, of which the sublateral pair are much larger than the lateral

and median.

The eggs, in the alcoholic specimens, are approximately 1.0 by 0.8™ '"

in longer and shorter diameter.

Many of the specimens, after long preservation in alcohol, show dark

bands of pigment spots across the antennal scales, uropodal lamellae,

and somites of the pleon.
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This is the species to which I have referred as Bythoearis, sp. indet.,

in Proc. National Mus.^ iii, p. 437, 1881, and Bull. Mus. Comp. Zool., x,

p. 55, 1882.

Measurements in millimeters and hundredths of length, of carapax.

Station

Sex.

Length from front to tip of telson.
Length of carapax
Breadth of carapax
Breadth of front
Length of eye-stalk and eye
(

; reatest diameter of eye
Length of antenna! si ale
Breadth of antennal scale
Length of sixth somite of pleon ...

Height of sixth somite of pleon. . .

.

Length of telson
Length of inner lamella of nropod .

Breadth of inner lamella of uropod
Length of outer lamella of uropod.
Bread! h of outer lamella of uropod

PandALUS MoNTAGrUi Leach.

(Plate XIII, Fig. 2.)

Not taken in] 884.

PANDALUS PROPINQULTS G. O. SarS.

(Plate XIII, Fig. 1.)

Specimens examined.

| Locality: Off Long Island.]

« .
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Pandalus leptocerus Smith.

Specimens examined.

[Locality : Off Chesapeake Bay.]

« a
"S3



664 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [60]

NEMATOCARCINIDiE.

Nematocarcinus ensiferus Smith.

(Plate XVII, Fig. 2.)

Specimens examined.

(1

0,0
es a
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Nematocarcinus cursor A. M.-Edwards.

Ann. Sci. Nat., Zool., VI, ix, No. 4, p. 14, 1881 ; Recueil de figures de Crustacea
nouveaux ou peu connus, pi. [37], 1883.

,
• (Plate XVII, Figs. 1, la.)

Specimens examined.

9
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of the digits. The raerns is slightly longer than the carapax, excluding

the rostrum, and reaches by the tips of the antenna! sqales, often by
halt its length. The carpus is much longer than the merus, and the

chela is scarcely more than a tenth as long as the carpus. The third,

fourth, and fifth peraeopods are approximately equal in length and
nearly as long as the length from tip of rostrum to tip of telson, or even

considerably longer ; the ischia and meri are armed nearly as in the

second pair, and the propodi and dactyli have the same structure and
nearly the same relative proportions as in TV. ensiferus.

The pleon is, in general, as in N. ensiferus ; the dorsum of the third

somite, however, is slightly prolonged over the fourth, but not in a

prominent tooth, and the pleuron of the fifth somite, though slightly

produced posteriorly, is obtusely angular and not prolonged in an acute

tooth.

The eggs are apparently very slightly smaller than in N. ensiferus,

measuring about 0.52uuu in shorter and 0.75D,m in longer diameter. A
specimen I01 uini in length from station 2180, was carrying approxi-

mately 20,000 eggs, which were equal to nearly one fourth the bulk of

the animal, exclusive of the eggs.

Measurements in millimeters.

Catalogue number.
Station

Sox
Length from tip of rostrum to tip of telson

Length of carapax, including rostrum
Lengtb of rostrum
Height of carapax
Breadth of carapax
Length of eye-stalk and eye
( ; real est diameter of eye
Length of antenna! scale

breadth of antennal scalo.

Length of fi rst pera?opod
Lengtb of merus
Length of carpus
Length of chela
Breadth of chela ,

Length of dactylus
Length of second pcrseopod
Length of merus
Length of carpus
Length of chela
Breadth of chela
Leugth of dactylus
Length of third perreopod
Length of merus
Length of carpus
Length nf propodus
Length of dactylus
Length of fourth perseopod
Length of merus
Length of carpus
Length of propodus
Length of dactylus
Length of fifth' perwopod
Length of merus
Length of carpus
Length of propodus
Length of dactylus
Length of sixth somite of pleon
Height of sixth somite of pleou
Length of telson
Length ofinnei lamella of uropod
Breadth of inner lamella of uropod
Length of outer lamella of uropod
Breadth of outer lamella of uropod

8147
2202

?
77
24.2
5.4

10.1
9.4
3. G
2.7
13.2
3.2

31
8.5
12.5
3.6
0.7
1.5

72
22
30
3.5
0.55
1.2

80
28
«2
2.5
3.0

79
28
31
2.5
3.0

80
29
32
2.4
0.5
12.2
6.0
12.6
9.9

11.2

7971
2180

110
3G
44
2.4
4.0

108
36
45
2.6
3.3

110
35
46
2.5
0.6

13.8
6.7
14.8
11.3
2. 4

13.2
3.0

7970
2180

d
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MIERSIIDiE.

ACANTHEPHYRA EXIMEA Smith.

(Plate XIV, Fig. 1.)

This species is still represented only by the single specimen taken in

1883.

A CANTHEPHYRA AGASSTZII Smith.

(Plate XV, Figs. 1, 6, 6a, 7; Plate XVI. Fig. 2.)

Specimens examined.

S3 ri
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region intermediate between the surface and the bottom, such a one as

might occasionally stray to the surface or to considerable depths. There

is nothing in the structure of this species or of A. eximea to render this

supposition improbable; in the two next following species, however,

the structure of the eyes makes it extremely improbable that they ever

approach the surface.

ACANTHEPHYRA MICKOPHTHALMA Smith.

Proc. National Mns., vii, p. 502,1885.

(Plate XIII, Fig. 3.)

Station 2224, September 8, north lat. 36° 16' 30", west long. C8° 21/,

2,574 fathoms, globigerina ooze, temperature 37°; two males and two
females (8584).

Also taken in 1885, station 2566, August 29, north lat. 37° 23', west

long. 63° 8', 2,620 fathoms, gray ooze, temperature 37°
; one male and

two females (10831).

This species differs remarkably in general appearance from those

previously described, but agrees with them in all important generic

characters. The rudimentary character of the eyes would seem to in-

dictate that this, at least, is a true deep-water species.

The carapax is scarcely as broad in front as at the middle of the

branchial region, and is neither compressed nor carinated'dorsally, but

broadly rounded, except at the high and laterally compressed base of

the very slender rostrum, which is strongly upturned, wholly unarmed

above except by three very obscure teeth above the orbit, and armed

beneath with a series of about seven small and nearly equidistant

teeth on the distal two-thirds of the length, but not quite reaching the

very slender and acute tip. The orbital sinus is much smaller than in

A. Agassizii, the lobe beneath is much broader and somewhat truncated,

and the antennal and branchiostegal spines are less prominent.

The eye-stalks are much shorter than in A. Agassizii, strongly tapered

from near the base to the minute brownish eyes, which are placed ob-

liquely upon the outer side of the tip of the stalk.

The proximal segment of the peduncle of the antennula is less deeply

excavated for the reception of the eye than in A. Agassizii, and the ex-

panded proximal portion of the outer flagelliim is a little narrower, but

otherwise the antennula is as in that species.

The antennal scale is about two-thirds as long as the carapax exclud-

ing the rostrum, near the base about a fourth as broad as long, and

narrowed to a truncated tip about a third as broad as the base. The

spine upon the second segment of the peduncle below the articulation

of the scale is much shorter than in A. Agassizii.

The oral appendages differ only slightly from those of A. Agassizii.

The mandibles are thicker and heavier, the opposing edges of the ven-
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tral processes a little narrower, and their teeth fewer in number, thick

and obtuse, and the terminal segment ot the palpus is a little narrower.

The mandibles are in fact more like those of A. eximea. The fold on the

ventral side near the tip of the eudopod of the first maxilla is armed, in

place of the two to four short spines in A. Agassizii, with a series often

to twelve setae, of which the proximal are stout, and somewhat spini-

form, but the distal very slender. The two lobes of the distal segment
of the protognath and the endognath of the second maxilla are slightly

more slender than in A. Agassizii. The anterior lobe of the scaphognath

is much longer and narrower, contracted near the middle and slightly

expanded at the obtuse and somewhat truncated tip, while the posterior

lobe is slightly broader. The endopods and exopods of the maxillipeds

are much longer and more slender than in A. Agassizii, but these ap-

pendages do not differ in other respects. The propodus and dactylus

of the first gnathopod are a little more narrowed distally, and the line

of articulation between them slightly less oblique than in A. Agassizii.

The second gnathopods differ scarcely at all.

The perceopods are similar to those of A. Agassizii, but are a little

more slender, somewhat less hairy, and the proportions of the segments
slightly different ; the carpus in the second pair is nearly as long as the

merus and much longer than the chela, which is considerably shorter

and much more slender than in the first; and the carpi in the third,

fourth, and fifth pairs are relatively shorter than in A. Agassizii.

The first and second somites of the pleon are rounded above, but the

third and fourth are very strongly compressed dorsally and project in a

very high and sharp crest, highest at the articulation between the two
somites and on the third produced into a very long, slender, compressed,

and spiniform tooth which is arched over nearly or quite the whole length

of the fourth somite, which is itself without any carinal tooth. The
fifth and sixth somites are sharply carinated dorsally, but the carina

does not project in a tooth or spine on either. The pleura are of about

the same form as in A. Agassizii, but are somewhat less deep.

The telson is very long and slender, only very obscurely sulcated

above, armed with seven or eight pairs of small dorsal aculei, and tipped

with three to five slender spines between a pair of much larger lateral

ones.

The uropods and pleopods are nearly as in A. Agassizii, but the ovate

inner lamelliform ramus of the first pleopod of the male is a little nar-

rower and the marginal stylet reaches slightly beyond the tip of the

lamella itself.
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Measurements in millim/iters.

Sex

Length from tip of rostrum to tip of telson. -

Length of carapax, including rostrum
Length of rostrum
Length of carapax, excluding rostrum
Height of carapax
Breadth of carapax at branchiostegal spines
( i t catcst breadth of carapax
Length of eye-stalk and eye
( ; iv.atest diameter of eye
Length of antennal scale
Breadth of antennal scale ,

Length of second gnathopod
Length of first perajopod
Length of chela
Breadth of chela
1,en -tli of daetylus
Length of second perajo|>od

Length of chela
Breadth of chela
Length of daetylus
I ,eng1 h of third perasopod
Length of propodus
Length of daetylus
Length of fourth peraeopod ,

Length of propodus
Length of daetylus
Length of fifth perajopod
Length of propodus
Length of daetylus
Height of third somite of pleon
Length of its dorsal spine
Length of sixth somite of pleon
Height of sixth somite of pleon
Length of telson
Length of inner lamella of uropod
Breadth of inner lamella of uropod
Length of outer lamella of uropod
Breadth of outer lamella of uropod

14.0

ACANTHEPHYRA BREVIROSTRIS Smith.

Proc. National Mus., vii, p. 504, 1865.

(Plate XIV, Fig. 2; Plate XV, Figs. 2,8; Plate XVI, Figa. 1, 6.)

Specimens examined.

CD
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and eariuate tooth of the third somite of the pleon. All the specimens

are in bad condition, very largely dne, apparently, to the soft and 'mem-

branaceous character of the integument, which resembles that of Mcn-

ingodora mollis and several other deep-water species.

The carapax proper is higher and more compressed at the base of

the rostrum than in A. Agassizii and the branchiostegal spines are less

prominent. The rostrum is approximately a fourth as long as the rest

of the carapax, very high at base as in A. exiinea, acutely triangular in

a side view, terminates in a slender and slightly upturned tip, and is

unarmed below but armed above, at base and back upon the carina of

the carapax, with a series of live or six very small and obscure teeth.

The eye-stalks are a little shorter than in A. Agassizii and the eyes a

little smaller, but broader than the stalks, somewhat compressed verti-

cally, face obliquely inward and. forward, and are black or brownish

black. The peduncle of the antenna and its scale are nearly like those

of A. microphthalma.

The oral appendages are very nearly as in A. Agassizii. The oppos-

ing edges of the ventral processes of the mandibles are a little narrower,

almost exactly alike on the two sides, armed with about seven teeth

each, and without the small anterior teeth seen in A. Agassizii. The

first maxillae, show no differences. The divisions of the distal segment

of the protoguath of the second maxilla are very slightly broader than

in A. Agassizii, the endognath and the anterior lobe of the scaphognath

are both considerably longer and the posterior lobe of the scaphognath

slightly narrower. The exopod of the maxilliped does not reach be-

yond the endoped and the tip is broader and more truncated than in

A. Agassizii. The gnathopods do not differ essentially from those of

A. Agassizii.

The perseopods are very similar to those of A. Agassizii, but are all

considerably longer and more slender ; the first reach to the middle of

the antennal scale, the fourth to considerably by its tip, and the fifth

to about the same point as the first.

The pleon is smaller relatively to the cephalo-peroeon than in A. Agas-

sizii and the third somite very differently armed. The first and second

somites are rounded above, but the third is strongly compressed dor-

sally into a very high and sharp cariua which projects in a great later-

ally compressed tooth high at base, tapered to an acute point and over-

hanging the fourth somite and part of the fifth. The fourth, fifth, and

sixth somites are compressed and armed with a sharp carina which pro-

jects posteriorly in a conspicuous tooth on the fourth, and in a similar

but much smaller tooth on the fifth and sixth. The pleura are similar

to those of A. Agassizii, but relatively less deep, the second is consid-

erably broader, and the third, fourth, and fifth more produced and more

evenly rounded posteriorly.

The telson is very long and slender, only very obscurely sulcated

above, armed with approximately five pairs of mirjute dorsal aculei and
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lipped with three slender spines between a pair of much larger lateral

ones with a small subterininal spine near the base of each.

The uropods and pleopods are nearly as in A. Agassizii.

Measurements in millimeters.

Station

Sex

2009

Length from tip of rostrum to tip of telson

i

Length of earapax, including rostrum
Length of rostrum
Height of earapax
Length of eye-stalk and eye
Greatest diameter of eye
Length of antenna! scale —
Breadth of antennal scale
Length of second gnathopod
Length of first perseopod
Length of chela
Breadth of chela
Length of dactylus
Length of second perteopod
Length of chela
Breadth of chela
Length of dactylus
Length of third peraeopod
Length of propodus
Length of dactylus
Length of fourth perasopod
Length of propodus
Length of dactylus
Length of fifth perseopod
Length of propodus
Length of dactylus -

Height of third somite of pleon
Length of its dorsal spine
Length of sixth somite of pleon
Height of sixth soinito of pleon
Length of telson
Length of inner lamella of uropod
Breadth of inner lamella of uropod
Length of outer lamella of uropod
Breadth of outer lamella of uropod

65
23.0
5.1
10.6
2.8
1.5

10.7
3.1

17.5
3.9
0.8
1.2

20
4.2
0.5
1.2

26
7.1
2.1
21
7.C
0.5

11.0
8.4
8.2
4.6
14.0
9.7
2.1
10.6
2.8

77
26.0
6.9

11.7
3.1
1.8

12.1
3.5

21.0
19.0
4.4
0.9
1.3

22
4.9
0.6
1.4

27.0
8
1.9

25
8.7
0.0
12.0
9.0
9.3
5. 2

is! 3

2.5
11.0
3.1

ACANTHEPHYRA GRACILIS.
Miersia gracilis Smith, Bull. Mus. Coinp. Zool., x, p. 70, pi. 11, figs. 4-'\d, pi.

12, fig. 10, 1882.

Acanthephyra debilis, var. Europcea A. M. -Edwards, Recueil Figs. Crust., pi.

[33], fig. 2, 1883.

Station 2225, September 9, north lat. 36° 5' 30", west long. 69° 51/ 45",

2,512 fathoms, yellow ooze, temperature 37°; 1 2 carrying eggs (8597).

Although there has been no opportunity of directly comparing this

specimen with the young male originally described from the Blake col-

lection of 1880, I have very little doubt that the two specimens are spe-

cifically identical. In the present specimen the middle dorsal teeth of

the fourth and fifth somites of the pleon are a little smaller than in the

young male, and the dorsal part of the margin either side is dentate, as

shown in Milne-Edwards's figure above referred to, while in the young

male this dentation was either absent or overlooked, as might readily

have happened in the case of so small an individual. In all other re-

spects this specimen agrees perfectly with my figures and description

of the original specimen.
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The epipod of the fourth perseopod is much further developed than in

any other of the species which I have seen,* bat it is still apparently

of little or no functional importance, as it consists only of a simple elon-

gated horizontal lamella, corresponding to the horizontal basal portion

of the epipods in front of it.

The eggs are very few and very large, being approximately 4 by 3""u

in longer and shorter diameter.

Measurements in millimeters.

Length from tip of rostrum to tip of telson . 80+
Length of carapax, excluding rostrum 15.3

Length of rostrum 20+
Height of carapax 9. 5

Breadth of carapax 7,

5

Length of eye-stalk and eye 3.

2

Greatest diameter of eye 2.5

Length of autcnnal scale 11.4

Breadth of an tennal scale 2. 5

Length of first perseopod 14.

Length of chela 4.2

Breadth of chela 0.8

Length of dactylns 1.8

Length of second perseopod 15.

Length of chela 4.5

Breadth of chela 0. G

Length of dactylus 1.9

Length of third peraiopod .'

23.

Length of propodus 5. 4

Length of dactylus „ 4. 4

Length of fon rth perojopod 22.

Length of propodus 5.0

Length of dactylus 4.2

Length of fifth perseopod 16.

Length of propodus 4.0

Length of dactylus 1.1

Length of sixth somite of pleon 11.

Height of sixth somite of pleon 4. 3

Length of telson 12. 7

Length of inner lamella of uropod 10.

1

Breadth of inner lamella of uropod 1.7

Length of outer lamella of uropod 11.0

Breadth of outer lamella of uropod 1.9

Ephyiuna Smith.

Proc. National Mus., vii, p. 506, 1885.
,

This genus, which is based on a single specimen, wanting the greater

part of the second, third, and fourth peraeopods, is readily distinguished

from Acanthephyra by the ischial and meral segments of the fifth perae-

opods, which are compressed, very broad, and form broad lamellar oper-

*In all the other species here recorded there is an obscure rudiment of this epipod,

a minute appressed lamelliform lobe, not longer than broad, which is not indicated

in the branehio-epipodal formula) I have given for them.

S. Mis. 70 43
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cula along the sides of the carapax. The single species is further dis-

tinguished by the unarmed rostrum, the nou-carinated pleon, and the

broad anterior division of the distal segment of the protognath of the

second maxilla. In all other characters it agrees essentially with the

species of Acanthephyra.

Ephyrina Benedicti Smith.

Proc. National Mus., vii, p. 506, 1885.

(Plate XIV, Fig. 3, Plate XVI, Fig. 4.)

Station 2083, September 5, 1883, north lat. 40° 26' 40", west long.

67° 5' 15", 059 fathoms, gray mud, temperature 40°; one female (7156).

In general the form of the carapax proper is very similar to that of

Acanthephyra Agassizii, but the antennal and branchiostegal spines are

less prominent. An obtuse dorsal carina extends forward from near

the posterior margin and gradually rises in front into a very high and

sharp carina at the base of the laterally compressed lamellar rostrum,

which is short, not reaching beyond the peduncle of the antennula,

acutely triangular in a side view, considerably upturned, and wholly

unarmed.

As in Acanthephyra Agassizii, the eye-stalks are short and terminated

by small hemispherical black eyes, which face slightly inward when the

stalks are directed forward.

Theantennulre, too, are very nearly as in Acanthephyra Agassizii, except

that the proximal portion of the outer flagellum is much less expanded,

though very much stouter than the inner. The antennal scales are im-

perfect at the tips, but are less rapidly narrowed distally, and are ap-

parently more nearly as in Acanthephyra microphthalma.

The mandibles are essentially as in Acanthephyra Agassizii, but are

very nearly alike on the two sides, the posterior part of the mesial edge

of the ventral process in each being armed with six or seven acutely

triangular teeth, in front of which the margin is sharp and chitenous.

but not serrated, though there is a small tooth at the anterior end of

this unserrated edge in the right mandible and a sharp angle at the

same point in the left. The first maxilla? are very like those of Acan-

thephyra Agassizii. The anterior division of the distal segment of the

protognath of the second maxilla is much expanded at the mesial edge,

where it projects farther forward and is more than twice as broad as

the posterior division ; the endoguath is more slender ; the anterior lobe

of the scaphognath is a little narrower and more evenly rounded at the

end. The maxillipeds do not differ from those of A. Agassizii, except

that the autero-mesial angle of the exopod is a little more obtusely

rounded ; nor do the first gnathopods, except the distal part oftheeudopod,

which is more nearly as in Acanthephyra gracilis, the dactylus being

longer than broad and terminally attached to thepropodus by a slightly

oblique articulation. The second gnathopods are imperfect at the tips,
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but are evidently very nearly as in A. Agassizii, and apparently reach

to about the tips of the antennal scales.

The first perseopods are about as long as the carapax including the

rostrum, and are clothed with numerous hairs ; the ischium and merus
make about half the length of the endopod, and are strongly compressed

and broad, the merus being considerably more than a third as broad as

long; the carpus is about three-fifths as long and half as broad as the

merus ; the chela is somewhat stouter than the carpus, not far from

twice as loug, and tapered distally to the bases of the digits, which are

about a third of the whole length, very slender and strongly curved at

the tips. The fifth pergeopods are about a fourth longer than the first

and are clothed with very few hairs ; the ischium and merus make fully

half the entire length ; both are broad and strongly compressed, and the

latter is fully a third as broad as long, with the dorsal margin nearly

straight and the ventral strongly curved upward to the articulation

with the carpus, which is very slender and scarcely longer than the

breadth of the merus; the propodus is about twice as long as the car-

pus aud no stouter ; the dactylus, exclusive of the terminal spines and
setae, is stout and about twice as long as the distal diameter of rhe pro-

podus.

There is no carina on any somite of the pleon, but the dorsum of the

third somite projects back in a small, vertically compressed spine over

the fourth somite, in the dorsum of which there is an obscure, and pos-

sibly accidental, sulcus. The pleura are similar in outline to those of

Acanthephyra Agassizii, but the second is relatively a little broader,

the third and fourth more evenly rounded posteriorly, and the fifth a

little more obtuse at the posterior angle. The sixth somite is about

two-thirds as long as the carapax, excluding the rostrum, and less than

half as high as long.

The telson is very much longer than the sixth somite, tapers into a

very long and narrow tip, and is armed along the distal two-thirds of

either edge with numerous (twenty to twenty-five) small aculei. The
inner latnellae of the uropods are about as long as the sixth somite of

the pleon, lanceolate in outline, and less than a sixth as broad as long.

The outer lamellae reach to near the tip of the telson, are about six

times as long as broad, and evenly rounded at the tips.

Measurements in millimeters.

Length from tip of rostrum to tip of telson 56.

Length of carapax, including rostrum 17.

Length of rostrum 4.8

Height of carapax '. 8. 3

Breadth of carapax 6.2

Length of eye-stalk and eye 2. 8

Greatest diameter of eye 1.7

Length of perteopod - 16.

Length of merus...... ..,.....„, ,...., ..-., 4,6
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Breadth of meras 1.7

Length of carpus 2.9

Length of chela 5.0

Breadth of chela 0.8

Length of dactylus 1.8

Length of fifth peraeopod - 20. 5

Length of uterus - -- 7.

5

Breadth of nierus' 2.

7

Length of carpus 2.9

Length of propodus 5.

8

Length of dactylus 0.

8

Length of sixth somite of pleon 8.8

Heighth of sixth somite of pleon - 4.

1

Length of telson - — - 11.

Length of inner lamella of uropod - 8.6

Breadth of inner lamella of uropod 1. 3

Length of outer lamella of uropod .- - 9.8

Breadth of outer lamella of uropod -- 1.6

Notostomus eobustus Smith.

(Plate XII, Fig. 5.)

Station 2228, September 11, north lat. 37° 25', west long. 73° 6', 1,582

fathoms, brown mud, temperature 37°; one young specimen, in bad

condition (8543).

In this specimen the rostrum is much longer than in the adults origi-

nally described, being only a little less than half as long as the rest of the

carapax, and has the terminal fourth of its length slender and unarmed.

The eyes are proportionally larger than in the adults, as usual in the

young. In other respects the specimen agrees essentially with the

adults referred to.

Measurements in millimeters.

Length from tip of rostrum to tip of telson 53

Length of carapax, including rostrum 23

Length of rostrum 7.2

Length of eye-stalk and eye 3.2

Greatest diameter of eye 2.

1

Length of antenual scale 8. 3

Breadth of antenual scale 2.

5

Length of sixth somite of pleon 5.

1

Height of sixth somite of pleon 3.5

Length of telson 10.

Notostomus vescus, sp. nov.

This species, although represented only by a single imperfect male

specimen, is so different from the other species of the genus that I ven-

ture to describe it. It has no dorsal tooth on the third somite of the

pleon, the carapax is apparently not at all gibbous, and the dorsum is

nearly straight. It is probably a very much smaller species than the

robustus, yibbosus, or elegans, and is perhaps more nearly allied to JV.
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corallinus A. M.-Edwards (Recueil de figures de Crnstaces nouveaux
on peu connus, pi. [32], 1883) than any other known species, although

the areolation of the carapax and the form and dentation of the rostrum

are very different.

The rostrum is a little more than a third as long as the rest of the

carapax, strongly compressed laterally, vertically rather broad at base,

but regularly tapered to an acute tip; the lower edge' is armed with

two slender teeth about a third of the way from the tip to the base, and

the dorsal edge is nearly straight, approximately horizontal, and un-

armed at the tip, but with four teeth above and in front of the orbit and

six others in the same series back of them on the dorsal crest of the

carapax proper, which is a sharp but not very high carina extending

nearly to the posterior margin and entirely smooth and unarmed back

of the teeth above mentioned, which do not extend more than a fourth

of the way from the orbit to the posterior margin. The anterior margin

is very nearly as in JV. robustus. The upper lateral cariua is conspicu-

ous, approximately straight, nearly parallel with the dorsum, and ex-

tends very nearly to the posterior margin. The lower lateral carina is

conspicuous anteriorly, but is not distinct back of the short vertical

hepatic carina.

The eyes and eye-stalks are very nearly as in JSf. robustus ; the eyes

are slightly swollen, more than half as wide as the antennal scale, and

black. The antennal scales are imperfect at the tips, but are apparently

very nearly as in N. robustus.

The dorsum of the third and succeeding somites of the pleon are dis-

tinctly carinated, and the carina projects in a very small tooth on the

fourth and fifth somites, but there is no evidence whatever of any dor-

sal tooth or projection on the third. The sixth somite of the pleon is

more than half as long as the carapax, exclusive of the rostrum, and

less than half as high as long. The telson is a little longer than the

sixth somite, strongly sulcated dorsally the whole length, and armed at

the tip with five spines, of which the outer are much the longer. The
inner lamella of the uropod reaches to the tip of the telson, is lanceo-

late in outline, and between four and five times as long as broad. The
outer lamella is considerably longer than the inner, nearly a fourth as

broad as long, and broadly rounded at the tip.

Measurements in millimeters.

Length from tip of rostrum to tip of telson 45.

Length of carapax, including rostrum 17. 5

Length of rostrum 4.6

Length of eye-stalk and eye 2. 3

Greatest diameter of eye 1.1

Breadth of antennal scale 2.

Length of sixth somite of pleon „ 7.

3

Height of sixth somite of pleon 3.

1

Length of telson 8.3
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Length of inner lamella of uropod 6.9

Breadth of inner lamella of uropod 1.5

Length of outer lamella of uropod 8.0

Breadth of outer lamella of uropod 1.9

Station 2099, October 2, 1883, north lat. 37° 12' 20", west long. 69°

39', 2,949 fathoms, globigerina ooze; one male (5434).

Hymenodora glacialis G-. O. Sars.

Pasiphae glacialis Buchholz, Zweite deutsche Nordpolfahrt, ii, p. 279, pi. 1,

fig. 2, 1874.

Hymenodora glacialis G. O. Sars, Archiv Mathem. Naturvid., Kristiania, ii, p.

341, 1877; Norwegian North-Atlantic Expedition, Crust., i, pp. 37, 275, pi.

4, 1885. Norman, Proc. Royal Soc. Edinburgh, 1881-'82, 684, 1882. Smith,

Proc. National Mus., vii, p. 501, 1885.

(Plate XV, Figs. 3, 10 ; Plate XVI, Fig. 5.)

Specimens examined.

bug

-23
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The eye-stalks and eyes are very similar to those of Meningodora mol-

lis, but the eyes are apparently a little smaller and are reddish, instead

of black, in recently preserved alcoholic specimens.

The mandibles are similar to those of Meningodora mollis, but still

more like those of Acanthephyra Agassizii, the mesial edges being armed
very nearly as in that species. The distal segment of the protognath of

the first maxilla is very much broader than in Meningodora mollis or any
of the species of Acanthephyra which I have examined, the mesial edge

being fully as long as that of the proximal segment, which, however, is

considerably narrower mesially than in Meningodora mollis ; the endo-

gnath is like that of the Meningodora. The two divisions of the distal

segment of the protognath of the second maxilla are nearly equal and

much broader and shorter than in Meningodora mollis, and do not pro-

ject mesially beyond the proximal segment, as they do in the species of

Acanthephyra, Meningodora, Notostomus, and Ephyrina; otherwise the

second maxillae do not differ from those of Meningodora. The maxilli-

peds differ essentially from those in the allied genera in having the en-

dopod composed of two segments only, a very short proximal segment
and a long unsegmented distal one.

The first gnathopods bear no podobranchiae in the typical species,

though there are small or rudimentary podobranchiae in H. gracilis, and
the distal part of the endognath differs from that of Meningodora mollis

in having the dactylus nearly as long as broad and attached to the pro-

podus by a much less oblique articulation. The number and arrange-

ment of the branchiae and epipods on the succeeding somites are the

same as in the allied forms, so that there are in all, on each side, six epi-

pods, six arthrobranchise, and five pleurobranchiae. The second gnath-

opods and first and second peraeopods do not differ essentially from

those of Meninogodora mollis, although the secoud peraeopods are less

slender and more like the first than in that species, and both pairs are

somewhat more hairy. There is a peculiar excavation on the iuner dor-

sal surface of the carpus in the first pair, as in the allied genera and as

shown conspicuously in the species of Notostomus. This excavation is

longitudinal, deepest at the distal end, and the mesial margin hairy or

setose, while the opposite margin rises suddenly into a tubercular or

spiniform protuberance just over the articulation with the chela. The
third and fourth peraeopods are more like those of Acanthephyra Agas-

sizii than those of Meningodora mollis, being armed with small spines

and setae, and the propodi and dactyli neither grooved conspicuously

nor carinated. The fifth peraeopods are shorter and stouter than in

Meningodora and very distinctly subchelate, the stout and conspicu-

ous, though short, dactylus closing against a digital process of the pro-

podus fully half its own length.

The dorsum of the pleon is neither carinated nor toothed. The pleura

of the second somite are not as figured by Buchholz, but overlap those
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of the first and third as in the allied genera, and the pleura of the

third, fourth, and fifth somites are evenly and similarly rounded pos-

teriorly.

In Gr. O. Sars's elaborate and very fully illustrated work on the Crus-

tacea of the Norwegian North-Atlantic expedition, which I had not seen

when the above was written, the telson of II. glacialis is described and

figured as armed at the tip with seven slender spines, a pair of long

lateral separated by five much smaller ones ; while in the female from

station 2039, the only one of the Albatross specimens in which the tel-

son is perfect, there are only six spines, there being no odd median one,

and the same is true of the two specimens from the Faroe Channel.

Partial measurements of two specimens of H. glacialis are given under

the next species.

Hymenodora gracilis, sp. nov.

(Plate XII, Fig. 6.)

This species is apparently somewhat smaller than H. glacialis, and is

distinguished by its more slender form and longer and more slender ros-

trum, which is prolonged in a slender, unarmed tip, reaching as far for-

ward as the tips of the eyes. The antennal scale is apparently consid-

erably narrower. In the only specimen in which the tip of the telson is

perfect, the male from station 2036, it is armed with only four spines,

there being only two between the long lateral spines. The most re-

markable difference, however, is in the first gnathopods, which, as al-

ready remarked, bear distinct podo branchiae. In the larger specimens

these branchiae are conspicuous and composed of several lamellae each,

being nearly as large in proportion to the size of the animal as in Men-

ingodora mollis; but in some of the smaller specimens they are repre-

sented by only one or two small lamellae attached near the base of the

epipod, and are very easily overlooked. There are well-developed pod-

obranchiae at the bases of the first gnathopods in all the species of the

allied genera known to me, Acanthephyra, Epliyrina, Notostomus, and

Meningodora, and I had regarded their absence as one of the best gen-

eric characters of Hymenodora, but their occurrence and variability in

a species so very closely allied to the typical species of the genus shows

that they are not always of generic importance. The two species of

Hymenodora still differ, however, from the species of the allied genera

above-named in the form of the protognath of the second maxilla and in

the number of segments in the endopod of the maxilliped, characters

which, for the present at least, may be regarded as of generic value.
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Measurements in millimeters.-

681

Catalogue number.
Station

Sex
Length, from tip of rostrum to tip of telson
Length of carapax, including rostrum
Length of rostrum
Height of carapax
Breadth of carapax
Length of eye-stalk and eye
( Greatest diameter of eye
Length of antenna! scale
Breadth of antenna! scale
Lengl li of first pn-aeopod
Length of chela
Breadth of chela
Length of dactylus
Leu gth of second perasopod
Length of chela
Breadth of chel a

Length of dactylus
Leu gth of third perajopod
Length of propodus
Length of dactylus.
Length of fourth perajopod
Length of propodus
Lengt h ofdactylus
Length of fifth perasopod
Length of propodus
Length of dactylus
Length of sixth somite of pleon
Height of sixth somite of pleon
Length of telson
Length of inner lamella of uropod
Breadth of inner lamella of uropod
Length of outer lamella of uropod
Bread ih of outer lamella of uropod

J3". glacialis.

Faroe.

d
70
23.0
3.0

3.0
1.0
9.0
3.1
18.0
4.8
0.9
1.8

18.0
4.9
0.7
2.0

8.3
4.0
14.5
10.1
2.0

11. 5

2.7

T.450

2099

f
54+
19.0
2.5
10.0

2.3
0.8

2.4

7.5
3.5

8+

H. gracilis.

7974
2182

d
55
18.0
3.0
8.4
7.3
2.5
0.8

6+
2.0

11.5
3.1
0.7
1.1

11.5
3.2
0.5
1.2

21.0
0.3
2.6
16.0
4.6
0.8
7.5
3.3

10. 5

7158
2036

d
43
13.0
2.3
0.8
5.5
2.0
0.6
5.7
1.5

10.

2.5
0.5
1.0
10.0
2.5
0.4
0.9
14.0
3.5
1.3

16.0
4.3
1.9

13.0
3.6
0.6
6.5
2.8
7.8
5.8
1.1
6.5
1.3

Specimens examined.
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PASIPHAIDiE.

Pasiphae princeps Smith.

Specimens examined.

o
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Parapasiphae sulcatifrons Smith.

Specimens examined.

683

be©
0.3
3a
« 2

8261
8259
8260
8594
8533
8601
8598
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PENiEID^!.

SiCYONIA BREVIROSTRIS StimpSOn.

Sicyonia cristata Saussure, Crust. Antilles et Mexique, p. 55, pi. 3, fig. 25, 1858

(not of De Haau).

Sicyonia hrevirostris Stimpson, Ann. Lyceum Nat. Hist. New York, x, p. 132,

1871.

Station 2296, October 20, off Cape Hatteras, north lat. 35° 38' 20",

west long. 74° 58' 45", 27 fathoms, coarse gravel and sand ; eight males

and four females (8815).

? Sicyonia dorsalis Kingsley.

. Proc. Acad. Nat. Sci. Philadelphia, 1878, p. 97 (9), 1878.

Off Cape Hatteras : Station 2279, October 19, north lat. 35° 20' 55",

west long. 75° 20' 55", 10 fathoms, gray sand, one young specimen (8800)

;

and station 2280, October 19, north lat. 35° 21', west long. 75° 21' 30",

10 fathoms, gray sand, two small specimens (7223).

The specimens agree well with Kingsley's short description, except

that the third and fourth somites of the pleon have no spines at the

postero-inferior angles.

Pen^jus Brasiliensis Latreille.

Specimens examined.

[Locality: Off Cape Hatteras.]

a ti
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epipods ; there is a well-developed pleurobranchia on the fourteenth

somite. The number and arrangement of the branchiae and epipods are

the same for all these species, and as indicated in the following formula:

Somites.



686 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [82]

us in P." longirostris ; and P. Goodvi, which, though resembling the con-

strictus in external characters, has the mandibular palpi, epipods, and

branchiae as in P. longirostris, and long aud slender exopods at the

bases of all the perseopods.

Pauapen^us constrictus Smith.

Penceus constrictus Stiuipson, Ann. Lye. Nat. Hist. New York, x, p. 135, 1871.

Parapenmis constrictus Smith, Proc. National Mus., viii, p. 174, 1885.

Speciviens examined.

[Locality : Off Cape Hatteras.]
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pax, excluding the rostrum ; the proximal segment of the mandibular

palpus is larger and much broader than the distal, which is long and
narrow ; the endognath of the first maxilla is short and unsegmented;
the second gnathopod and the first, second, third, and fourth peraeopods

have well-developed epipods ; and there is, either side, a pleurobranchia

on the fourteenth somite and two arthrobranchiae on the thirteenth.

The branchio-epipodal formula is as follows

:

Somites.
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advanced to show essentially the adult form, and arc very character-

istic. These appendages are each long and very narrow, about three

times as long as broad. There is a small and narrow lobe on the ante-

rior side near the base of the lamella; the outer edge is slightly thick-

ened, and terminates in a short rounded lobe a little way from the tip,

which is about half as wide as the proximal part of the lamella and

deeply bilobed, and near the middle of the mesial edge there is a slight

einargination, probably marking the distal end of that part of the edge

whicb articulates with the lamella of the opposite side.

This specimen, from station 2187, gives the following

:

Measurements in millimeters.

Length from tip of rostrum to tip of telson 33+
Length of carapax, including rostrum 12.

5

Length of rostrum 4.0

Length of eye-stalk and eye 2.

5

G rea I est diameter of eye 2. I

Length of antennal scale 5. fi

Breadth of antennal scale l.b'

Length of flagellum of antenna 100+

HYMENOPENiEUS MICROPS Smith.

CPlateXVI, Fig. 8.)

Station 2224, September 8, north lat. 3G° W 30", west long. G8° 21',

2,574 fathoms, globigerina ooze, temperature 37°
; 15,19 (8001), both

in bad condition and imperfect.

A single fragmentary female (7155), in addition to the two specimens

already recorded from the collection of 1883, was taken at station

2012, July 30, north lat. 39° 30', west.long. 68° 26' 15", 1,555 fathoms,

globigerina ooze, temperature 38°.

In the male, from station 2221, the carapax, including the rostrum, is

20mm long, and the appendages of the first pleopods arc fully developed.

Each of these appendages is a large squarish lamellar plate, consid-

erably narrowed distally, attached by a very short and narrow peduncle,

and with the outer and distal margins slightly thickened, the latter

irregularly lobed, and the median portion longitudinally plicated. There

is a narrow, obtusely-tipped lobe on the mesial side of the peduncle,

and close to it, on the base of the pleopod itself, a similar but more

triangular lobe. The outer margin terminates at the distal end in a

broad rounded lobe, on the mesial side of which there is a very much

smaller rounded lobe, then a deep sinus, and then a broader bidentate

lobe at the mesial side of the distal margin. The mesial edge is nearly

straight, except a slight emargination near the middle, separating the

proximal articular from the distal unarmed portion,
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ARISTEUS % TRIDENS Smith.

(Plate XIX, Figs. 2, 2a.)

Specimens examined.

689
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the entire length, and the spiniform lateral process reaches to about the

extremity of the segment itself, which, however, is armed with a slen-

der spine just outside the base of the second segment; the second seg-

ment is about twice as long as the distal. The flagella are almost ex-

actly as in Aristeus f tridens. The antenna! scale is about three-fourths

as long as the carapax excluding the rostrum, half as broad or a little

less thau half as broad as long, and in form and texture like that of

Aristeus ? tridens.

The sixth somite of the pleon is about half as high as long. The tel-

son is nearly or quite as long as the sixth somite, regularly tapered,

slightly flattened above, armed with small dorso-marginal aculei, and
terminates in an acuminate tip armed with slender setae.

A female taken in 1885, station 2563, north lat. 39° 18' 30", west

long. 71° 23' 30", 1,422 fathoms, is much larger than any of the speci-

mens previously taken, being over 200mm in length. In this speci-

men the rostrum is longer than the carapax proper, the antennal scales

are half as broad as long, and the telson is as long as the sixth somite

of the pleon.

Measurements in millimeters.

Catalogue number.
Station

Sex
Length from tip of rostrum to tip of telson

.

Length of carapax, including rostrum
Length of rostrum
Height of carapax
Breadth of carapax
Length of eye-stalk and eye
Greatest diameter of eye
Length of antennal scale
Breadth of antennal scale
Length of second gnathopod
Length of first peraeopod
Length of chela
Breadth of chela
Length of dactylus
Length of second peroeopod
Length of chela
Breadth of chela
Length of dactylus
Length of third peraeopod
Length of chela
Breadth of chela
Length of dactylus
Length of fourth peraeopod
Length of propodus
Length of dactylus
Length of fifth peraeopod
Length of propodus
Length of dactylus
Length of sixth somite of pleon
Height of sixth somite of pleon
Length of telson
Length of inner lamella of uropod
Breadth of inner lamella of uropod
Length of outer lamella of uropod
Breadth of outer lamella of uropod



[87] DECAPODA FROM ALBATROSS DREDGLNGS.

AmalopentEus elegans Smith.

Specimens examined.

691
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ly problematical, but Bate's genus is described as having the eyes "not
large," the eye-stalks flattened and furnished witb a conspicuous tu-

bercle, and the flagella of the antennula "not longer than thecarapax"
(although under the second species these flagella are said to be "half as

long as the animal"), characters which I should not expect to find in

species congeneric with the one here described.

Benthonectes filipes Smith.

Proc. National Mus., vii, p. 509, 1885.

(Plate XVIII, Figs. 1, la; Plate XIX, Figs. 1, la, l&.)

Specimens examined.

d 6
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show some important differences. The ventral process of the crowo

of the mandible, instead of being truncated at the anterior angle, is

prolonged into an acute angular process which closes by a similar proc-

ess of the opposite side. The palpus is very different in form; the

proximal segment is narrow, about three times as long as broad, reaches

to about the tip of the crown, and expands very slightly distally; the

distal segment is only about half as long as the proximal and about as

wide at the base, but the iuner edge is obliquely truncated from just below

the middle so that the obtuse tip is narrow. The first maxillae differ ouly

very slightly and unessentially. The endognath andepignath of the sec-

ond inaxillae differ very little, but the four lobes of the protognath are

very much more nearly alike, the distal lobe being only a very little broader

than the others, while the proximal is very much like the others, being

as long as the one next it and not narrowed toward the rounded tip.

The endognath of the maxilliped is a little shorter and the small ter-

minal segment either wanting or very obscure; the exopod is shorter

and suddenly narrowed into a short and slender flagelliform tip. The
exopod of the first gnathopod is very much smaller, being very slender

and considerably shorter than the endopod. The endopod of the second

gnathopod is more slender and armed with longer and stronger spines,

and the dactylus is very different, being nearly two-thirds as long as the

propodus, slender, subcylindrical, and strongly tapered distally, where

it is armed with several slender spines nearly as long as itself.

The chelate peraeopods are similar to those of Benthcecetes Bartletti,

but considerably longer and more slender, the first pair reaching con-

siderably by the tips of the second gnathopods. The fourth and fifth

peraeopods are very long, exceedingly slender, and the proximal por-

tions nearly as in Benthcecetes Bartletti. The carpi in the fifth pair are

considerably longer than the ineri ; the propodi in the fourth are much
shorter than the carpi, and in the fifth not half as long as the carpi

;

the dactyli are slender, multiarticulate, flagelliform, and very long, be-

ing in the fourth pair fully three times as long as the propodi. The
number and arrangement of the branchiae and epipods are the same as

in Benthcecetes Bartletti, but there are small rudimentary exopods at the

bases of all the peraeopods, as in Benthesicymus f carinatus.

The pleon is similar to that of Benthcecetes Bartletti except that there

is no spine on the fifth somite. The dorsum is evenly rounded on the

first four somites, but on the fifth and sixth there is a sharp median

carina which projects posteriorly in a very slight angle on each of these

somites. The epimera are all somewhat smaller than in Benthcecetes

Bartletti, and the posterior edges of the fourth and fifth project much
less and are broadly rounded. The telson is narrowly triangular, trans-

versely convex above at the base, but with a broad and shallow sulcus two-

thirds of its length. The extreme tip is spiniform and acute, and just

in front of it the eage each side is armed with three small spines. The

sternum of the first somite is armed with a laterally compressed mesial
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process somewhat as in that species, but longer and obtuse. The pleo-

pods have very long and slender rami, as in Bentlicecetes Bartletti, but

the appendage (petasma) of the first pair in the male is very different,

being as long as the protopod to which it is attached, very narrow, and

acutely triangular at the tip.

Measurements in millimeters.

Station

.

2235 2181

Sex
Length from tip of rostrum to tip of telson
Length of carapax, including rostrum
Length of rostrum
Height Of carapax
Breadth of carapax
Length of eye stalk and eye
Greatest diameter of eye
Lensrth of antennal scale
Breadth of antennal scale
Length of second gna4hopod
Length of propodus
Length of dactylus
Length of first peraeopod
Length of carpus
Length of chela
Breadth of chela
Length of dactylus
Length of second peraeopod
Length ot carpus
Length of chela
Breadth of chela
Length of dactylus
Length of third peraeopod
Length of carpus
Length of chela
Bre;ldth of chela
Length of dactylus
Length of fourth perasopod
Length of merus
Lejisth of carpus
Length of propodus
Length of dactylus
Length of filth peraeopod
Length of merus
Length of carpus
Length of propodus
Length of dactylus
Length of sixth somite of pleon
Height of sixth somite of pleon
Length of telson
Length of inner lamella of uropod
Breadth of inner lamella of uropod
Length of outer lamella of uropod
Breadth of outer lamella of uropod

(f
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In the general form and areolation of the carapax tins species is very

similar to Benthcecetes BartletU, but there is a distinct hepatic spine, as

in Benthonectes Jilipes, though very much smaller. The dorsum is cari-

nated or slightly angulated nearly to the posterior border, but ante-

riorly it does not rise at the base of the rostrum nearly as much as in

the two species just mentioned. The rostrum is strongly compressed,

broad vertically, and the upper edge is somewhat arcuate above and

just back of the orbit, where it is armed with two teeth, but in front it

tapers to an acute point, nearly or quite reaching to the tips of the

eyes.

The eyes are in bad condition in all the specimens. They are similar

to those of Benthcecetes BartletU, but the cornea is apparently a little

larger and more compressed vertically, and the pigment is apparently

white or very light in color. The antennae and antennulae are essen-

tially as in Benthcecetes BartletU. The crowns of the mandibles are also

very nearly as in that species, but the palpi are very much larger; the

proximal segment is nearly as broad as long, and the distal nearly as

long as the proximal and very narrow, much less than half as wide as

long. The maxillae are nearly as in Benthcecetes BartletU. The ultimate

segment of the endopod of the maxilliped is about a sixth as long as

the penultimate segment and intermediate in form and size between

that of Benthcecetes BartletU and that of Benthesicynms f carinatus, and

the distal extremity of the exopod is suddenly narrowed into a slender

flagellum, but otherwse the maxilliped agrees with that of Benthcecetes

BartletU.

The first gnathopod is intermediate in form between that of Benthce-

cetes and that of Benthesicymus ? carinatus ; the mesial side of the

merus is expanded into a thin lamella the whole length of the segment,

which is two-fifths as broad as long, but not much broader distally than

proximally and projects only very slightly beyond the articulation of

the carpus ; the terminal segments are nearly as in Benthesicymus f cari-

natus. The second gnathopods reach beyond the middle of the antenna!

scales, and the relative proportion of the segments is about the same

as in Benthcecetes BartletU, but the form of the dactylus is different,

though it is carried in the same position. This segment is a little longer

and narrower than in Benthcecetes BartletU, and obliquely truncated on

the mesial side at the extremity, so that the triangular tip, which is

armed with a single long spine, is at the outer edge ;
the outer and the

truncated distal edges are setigerous.

There are minute rudimentary exopods at the bases of all the peraeo-

pods, of which the first three pairs are otherwise very much as in

Benthonectes Jilipes. The number and arrangement of the branchiae

and epipods is the same as in Benthcecetes BartletU and Benthonectes

Jilipes.

The first and second somites of the pleon are evenly rounded above;

the third is carinated posteriorly, the fourth and fifth for nearly the

whole length, and on each of these somites the carina projects at the
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posterior margin in a small sharp tooth. The sixth somite is compressed

laterally, more than twice as long as high, and armed with a sharp dor-

sal carina. The telson is about as long as the sixth somite, narrowly

triangular, with a broad and shallow dorsal sulcus except near the base,

terminates in a small spiniform point, with a spine either side, and is

armed in front of these with three pairs of lateral spines. The uropods

and pleopods are very nearly as in Benthcecetes Bartletti, except that the

appendage (petasma) of the first pair of pleopods in the male is long and

narrow, approaching in form that of Benthonectes filipes.

Measurements in millimeters.

Station .

Sex.

0.6

Length from tip of rostrum to tip of telson

Length of carapax, including rostrum
Length of rostrum
Height of carap-.ec

Length of oye-stalk and eye
Greatest diameter of eye
Length of antennal scale
Breadth of antennal scale
Length of first per asopod
Length of chela
Breadth of chela
Length of dactylus
Length of second peraeopod
Length of chela
Breadth of chela
Length of dactylus
Length of third peraeopod
Leugth of chela '.

Breadth of chela
Length of dactylns
Length of eixtli somite of pleon
1 [eight of sixth somite of pleon
Length of telson
Leu nth of inner lamella of uropod ,

Breadth of inner lamella of uropod
Length of outer lamella of uropod

j

21.0
Breadth of outer lamella of uropod

:
5. 4

•:i74

95
37.5
5.5
17.0

6.2
2.6

2222

44.0
6.6

15.6
7.2
16.0
15.5
3.9

?
100
40.0
6.8

6.4
2.8

23.5
7.0
30.0
7.0
1.6
3.1

46.0

64.0
9.5
1.0
5.0
16.0
7.8
17.0
16.4
4.1

2l'. 5
5.8

SERGESTIDiE.

Sergestes arcticus Kroyer.

(Plate NX, Figs. 1,2.)

Specimen s exami n eel.

3-2
a a
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Serg-estes robustus Smith.

(Plate XX, Fig. 6.)

Specimens examined.

c

Ja
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PLATE II.

FlG. 1.

—

Homola barbata. Dorsal view of a male, from station 940, natural size.

Fig. 2.

—

Lambrus Verrillii. Dorsal view of a female, from station 872, natural size.

PLATE III.

Fig. 1.

—

Lithodes Agassizii. Dorsal view, the perseopods omitted, of a male, from

station 2115, one-half natural size.

Fig. 2.—Dorsal view of a male (8048), from station 2196, one-half natural size.

PLATE IV.

Munidopsis crassa. Dorsal view of the female (8563), from station 2224, natural size.

P L AT E V.

Fig. 1.

—

Munidopsis similis. Dorsal view of the female (8255), from station 2192,

natural size.

Fig. la.—Second maxilla of the right side of the same specimen, enlarged eight diam-

eters.

Fig. lb.—First gnathopod of the right side of the same specimen, enlarged eight diam-

eters.

Fig. lc.—Second gnathopod of the right side of the same specimen, enlarged four

diameters.

Fig. 2.

—

Munidopsis Bairdii. Dorsal view of a female (5717), from station 2106, nat-

ural size.

P L AT E VI.

Fig. 1.

—

Munidopsis rostrata. Dorsal view of a male, from the Blake collection of

1880, station 341, natural size.

Fig. la.—Lateral view of the carapax of the same specimen, natural size.

Fig. 2.

—

Munidopsis similis. First maxilla of the right side of the specimen figured

on Plate V, enlarged eight diameters.

Fig. 2a.—Maxilliped of the right side of the same specimen, enlarged the same amount.

P L AT E VI I.

Fig. l.—Pentacheles nanus. Dorsal view of a female (8238), from station 2206, natural

size.

Fig. la.—Lateral view of the carapax and pleon of the same specimen, natural size.

FlG. 2.

—

Pentachele8 deMlis. Dorsal view, the perseopods omitted, of a male (7145)

from station 2074, enlarged two diameters.

P L AT E VIII.

Fig. 1.—Glyphocrangon longirostris. Lateral view of the small female originally de-

scribed from the Blake collection, station 330, enlarged two diameters.

Fig. 2.—Lateral view of an adult female (8256), from station 2205, natural size.

Fig. 3.—Glyphocrangon sculptus. Lateral view of the originally described female,

from the Blake collection, station 330, natural size.
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Fig.
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PLATE XIII.

Fig. 1.

—

Pandalus propinquus. Lateral view of a female, from station 1045, natural

size.

Fig. 2.

—

Pandalus Montagui. Lateral view of a female taken off Massachusetts Bay in

1877, natural size.

Fig. 3.

—

Acanthephyra microphthalmia. Lateral view of a male (8584), from station

2224, natural size.

PLAT E X I V.

Fig. 1.

—

Acanthephyra eximea. Lateral view of the male (5644), from station 2111,

natural size.

Fig. 2.

—

Acanthephyra brevirostris. Lateral view, with most of the appendages omit-

ted, of a male (5673), from station 2105, enlarged two diameters.

Fig. 3.

—

Ephyrina Benedicti. Lateral view of the female (7156), from station 2083,

enlarged two diameters.

PLATE XV.
All the figures on this plate are enlarged eight diameters.

Fig. 1.

—

Acanthephyra Agassizii. First maxilla of the left side of one of the originally

described males, from the Blake collection, station 330.

Fig. 2.

—

Acanthephyra brevirostris. First maxilla of the right side of a female (5448),

from station 2099.

Fig. o.—Hymenodora glacialis. First maxilla. of the right side, of a male, from the

Faroe Channel.

Fig. 4. —Meningodora mollis. First maxilla of the right side of the female originally

described, from the Blake collection.

Fig. 5.—Distal portion of the right mandible of the same specimen, seen from above.

Fig. 6.

—

Acanthephyra Agassizii. Distal portion of the left mandible, from the same

specimen as Fig. 1, seen from beneath.

Fig. 6a.—The same mandible seen from above.

Fig. 7.—Second maxilla of the left side, from the same specimen as Figs. 1 and 6.

Fig. 8.

—

Acanthephyra brevirostris. Second maxilla of the right side, from the same

specimen as Fig. 2.

Fig. 9.

—

Meningodora mollis. Second maxilla of the right side, from the same speci-

men as Fig. 4.

Fig. 10.

—

Hymenodora glacialis. Second maxilla of the right side, from the same speci-

men as Fig. 3.

PLATE XVI.
All the figures on this plate are enlarged eight diameters.

Fig. \.—Acantliephyra brevirostris. Maxilliped of the right side, from the same speci-

men as Figs. 2 and 8, Plate XV.
Fig. 2. —Acanthephyra Agassizii. Maxilliped of the left side, from the same specimen

as Figs. 1, 6, 6a, and 7, Plate XV.
Fig. 3.

—

Meningodora mollis. Maxilliped of the right side, from the same specimen

as Figs. 4, 5, and 9, Plate XV.

Fig. 4.

—

Ephyrina Benedicti. Maxilliped of the right side, from the specimen figured

on Plate XIV.

Fig. 5.

—

Hymenodora glacialis. Maxilliped of the right side, from the same specimen

as Figs. 3 and 10, Plate XV.
Fig. 6.

—

Acanthephyra brevirostris. First gnathopod of the right side, from the same

specimen as Figs. 2 and 8, Plate XV, and Fig. 1, this plate.

Fig. 7.

—

Hymenopenams debilis. Appendage (petasma) of the protopod of the first

pleopod of the right side of a male (8336), from station 2187, seen from

in front.

Fig. 8.

—

Hymenopence.us microps. Appendage of the protopod of the first pleopod of

the right side of a male (8604), from station 2224, seen from in front.
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PLATE XVII.
Fig. 1.

—

Nemalocarcinua cursor. Lateral view of a female (8149), from station 2202,

natural size.

Fig. la.—Dorsal view of the carapax and anterior appendages of the same specimen.

FlG. 2.

—

Nematocarcinus ensiferas. Lateral view of a female, from station 2035, nat-

ural size. This is a corrected copy of Fig. 1, Plate VII, of the Eeport

on the Decapod Crustacea of the Albatross dredgings in 1883.

PLATE XVIII.
Fig. l.—Benthonectes filipes. Lateral view of a male (7163), from station 2235, natu-

ral size.

Fig. la.—Doi'sal view of the carapax and anterior appendages of the same specimen.

Fig. 2.

—

Btnthceeetes Bartleiti. Lateral view of a female (8263), from station 2215,

natural size.

Fig. 2a.—Dorsal view of the carapax and anterior appendages of the same specimen.

Fig. 2b.—Dorsal view of the posterior somites of the pleon of the same specimen.

PLATE XIX.
Fig. 1.

—

Benthonectes filipes. Maxilliped of the right side of a male, from station

2181, enlarged eight diameters.

Fig. la.—First guathopod of the right side of the same specimen, enlarged eight di-

ameters.

Fig. 16.—Terminal portion of the endopod of the second gnathopod of the same speci-

men, enlarged eight diameters.

Fig. 2.

—

Aristeusf tridens. Maxilliped of the right side of a female, from station 2043,

natural size.

Fig. 2a.—Tip of endopod of the same appendage to show the minute terminal segment,

enlarged four diameters.

Fig. 3.

—

Hepomadus tener. Lateral view of female (8585), from station 2226, natural

size.

Fig. 3a.—Maxilliped of the right side of the same specimen, enlarged four diameters.

PLATE XX.
Fig. 1.

—

Sergestes arclicus. Lateral view of a male, from station 937, enlarged two
diameters.

Fig. 2.—Dorsal view of the carapax and anterior appendages of a female, from sta-

tion 937, enlarged three diameters.

Fig. 3.

—

Sergesles mollis. Dorsal view of front of carapax and anterior appendages

of a male (8539), from station 2229, enlarged three diameters.

Fig. 3a.—Lateral view of the same part of the same specimen, enlarged three diam-

eters.

Fig. 4—Tip of the left autennal scale of a male (7106), from station 2051, enlarged

eight diameters.

Fig. 5.—Lateral view of the left side of the perseon, with the carapax removed

to show the branchiae, &c, of a female (7106), from station 2151, en-

larged three diameters: k, i, bases of the gnathopods; k, I, m, n, o,

bases of the perajopods; ep, epipod ; and po, podobranchia, of the first

gnathopod; pi, anterior pleurobranchiae of the ninth to thirteenth so-

mites; pi', posterior pleurobranchias, represented by simple lamellae on

the eighth to twelfth somites, and by a small compound branchia on

the thirteenth.

FlG. 6.

—

Sergetes robustus. Lateral view of the left side of the yjerseon, with the cara-

pax removed to show the branchiae, &c, of a male (5516), from station

2003, enlarged three diameters: /, scaphognath of second maxilla; g,

base of maxilliped ; h, i, k, I, m, n, o, ep, po, pi, pi', as in Fig. 5, except

that the posterior pleurobranchia on the twelfth somite is a large com-

pound branchia in place of a simple lamella.
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Tbomsoni 14,18,93

Lithodes Agassizii 3, 8, 10, 11, 14, 34, 94

Lithodoidea 3, 34

Lupa anecps 30

Gibbesii 30

Macrura 3, 15, 46

Maiidae 21,22

MaiiuaB. 21

Maioidea 14, 16

Heningodora . 7, 74, 75, 76

mollis 5, 8, 67, 75, 76, 96

Metoporbapis calcaratus 14, 1

6

forficulatus 16

Miersia gracilis 68

Miersiidse 4, 7, 13. 15, 63

Muuida 40

Caribaea 15,39

Munidopsis 10,12,13,40

Bairdii 3, 8, 15, 40, 41, 43, 45, 94

crassa 3,8, 15,40,41,43,44,45,94

curvirostra 3, 8, 15, 40, 41

lost rata 3, 8, 15, 40, 43, 45, 94

siniilis 3, 8, 15, 40, 43, 94

Naul ilograpsus minutus 14

Nectocrangori lar 15

Nematocarcimdee 4, 15, 60

Keiuatocarcinus cursor 6, 8, 10, 11, 15, 01, 97

ensiferns 4, 8, 10, 11, 15, 60,

61, 62, 97

Noptunus anceps 30

Tage.

Nept units Gibbesii 30

Sayi .' 14

spinicarpus 31

Xibilia erinacea 23

Notostomus 7, 75, 76

cora'linus 73

elegans 72

gibbosus 72

robustus 5, 8, 10, 72, 73, 95

vesciis 5,8,72

Ocypodoidea 14

Osacbila tuberosa 32

Oxyrhyncba 21

Paguroidea 3, 14, 35

Palaimon foiceps 15

Palasmonetes vulgaris 14, 15

Pahemonidaj 4

Pandalus 4

borealis -- 4,15

leptocerus 4,15,59

Montagui 4, 58, 96

propinquus 4,15,58,96

Parapagurus pilosiiuanus 3, 8, 9, 10, 11, 14, 39

Parapasiphae 8

compta 5, 8, 79

cristata 5,8,12

sulcatifrons 5, 8, 12, 13, 15, 79

Parapenseus. 81,83

constrictus 81, 82

Goodei 82

longirostris 81, 82

megalops. 81

politus 81

Pasipbae glacialis 44

princeps 5, 8, 9, 13, 15, 78

tarda 15,78

Pasipbaidas 15, 78

Peuaida; 4, 5, 8, 13

Penasus 80,81,83

Brasiliensis 80

canaliculatus 80

carimonte 80

constrictus 82

semisulcatus 80

setiferous 80

stylirostris 80

Pentacbeles 10, 12

debilis 3, 8, 47, 94

nanus 3, 8, 15, 47, 94

sculptus 3,8,15,46

Pericera 23

spinosissima 23

Periceridffi 21

Persepbone punctata 33

Pilumnus aculeatus 26

Pinuixa chastopterana 14

Platylarabrus 25

serratus 25

Platyonychus ocellatus 27

Podochela Riisei 14,16

Podonema Riisei 16

Pontophilua abyssi 3,8,10,11,12,13, 15,49,95

brevirostria 15, 49

gracilis 3,11,49,50,95

is orvegicus 15, 48, 95



[ioi] DECAPODA FROM ALBATROSS DREDG1NGS. 705

Page.

Porecll.um Sayana 34

sociata 34

Poitunus spiniiuanus * 30

Ptc.-rolisthes soxRpinosus 34

Kbacbocaria longirostris 51

Sabhira priiiceps C, 8, 10, 13, 15, 00, 95

Sarsii 15, 51, 95

scptemcarinata 15

Schizopoda 13

Sclerocrangon 48

Agaasizii G, 8, 1 0, 15, 48

boreas 15

Scyra 21

acutifrona 22

umbonata 21, 22

Page.

Scyramathia 21, 22

Carpenteri 21,22

Scrgcstes 8

arcticus 0, 9, 92, 97

mollis 0, 8, 9, 93, 97

robustus C, 9, 93, 97

Sergestidse 0, 92

Sicyonia breviroatria 80

cristata 80

dorsalis 80

Sympagurus pictua 9,11,39

Urticina conaors 9

Virbius zostericola 15

Xantho 26

S. Mis. 70 45





XXII.-THE ANNELIDA CILETOPODA, FROM EASTPORT, MAINE.

By Prof. H. E. Webster and James E. Benedict.

The following paper contains a list of the Chietopod Annelids, with

descriptions of the new species collected in 1880 by the Union College

zoological expedition at Eastport, Me. This paper constitutes the

fourth in a series descriptive of the Annelids of the eastern coast.

The lirst in the series, the Annelida Chcctopoda of the Virginian Coast,

by Prof. H. E. Webster, was published in Vol. IX of the Transactions

of the Albany Institute. The number of families represented is 23

;

number of genera, 49 ; number of species, 59 ; of which 4 genera and

27 species were new.

The second paper, the Annelida Chwtopoda of New Jersey, by Prof.

H. E. Webster, was published in the Thirty-second Annual Report of

the New York State Museum of Natural History.

Number of families represented, 23; number of genera, 50; number
of species, 57 ; of which 2 genera and 14 species were new.

The third paper, on the Annelida, chwtopoda of Provincetown and

Wellfleet, Mass., by Prof. II. E. Webster and James E. P>enedict, was

published in the Fish Commission Report for 1881.

Number of families represented, 25; genera, 70; species, 90; of which

3 genera aud 1G species were new.

In the present paper 29 families are represented, 89 genera, and 111

species; of which 7 genera and 26 species are new.

The -Fish Commission is in possession of a set of types from these sev-

eral investigations, through the courtesy of Union College.

Family EUPHROSYNID^E.

.SPINTHER Johnston.

Spinthee citrinus (Stimpson) Verrill.

Cryptonota ciirina Stimpson. Marine Invertebrata of Grand Manan, p. .3(3, in Smith-

son. Contrib. 1854.

Spinfher citrinus Verrill. Check List. 1879.

Not common. Ten to thirty fathoms, on sponges ; bottom with coarse

gravel or rocks.

[1] 707
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EUPHROSYNE Sav.

EUPHROSYNE BOREALIS ffirsted.

OZrsted. Griinlands Aunulata Dorsibraucbiata, p. 18. 1843.

Stimpson. Invert. Fauna of Grand Manau, &c, p. 36. 1854.

Not common. Our specimens were taken in about 20 fathoms; bot-

tom rocky.

Family APHRODITID^E.

APHKODITA Linn. sens. sir.

Aphrodita aculeata Linn.

Lj.nn.iEUS. Systoma Natural, ed. xii, vol. i, p. 1084. 1767.

Stimpson. Loc. cit*., p. 36. 1854.

Verrill. Invertebrate Animals of Vineyard Sound, &c., in Report of U. S. Com-
missioner of Fish and Fisheries, Part I, p. 581. 1874.

Small specimens were common on muddy bottoms.

L^TMATONICE Kiriberg.

L^3TMATONICE ARMATA Verrill.

Only one specimen, and that immature, was found. Station not noted.

Family POLYNOIDiE.

LEPIDONOTUS (Leach) Kinbcrg.

Lepidonotus squamatus Kinberg.

Very common, both at low-water and in nearly all dredgings.

NYOHIA Malmgren.

Nychia cirrosa Malmgren.

MaIvMGREN. Nonl. Hafs-Ann. p. E8, pi. viii, fig. 1. 1865. Annulata Polycb., p. 5.

1867.

A few specimens of this species were dredged in sandy mud, 6-12

fathoms, but by far the greater number were taken on mud flats, at low-

water, living in the tubes of Amphitritc brunnea Stimpson.

EUNOA Malmgren.

Eunoa nodosa Malmgren.

Malmgren. Nord. Hafs-Ann., p. 64, pi. viii, fig. 4. 1865. Annulata Polych., p. G.

1867.

Very fine specimens were dredged among rocks, shells, hydroids, &c.

Common.
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LAGISCA Holmgren.

Lagisca rarispina Malmgren.

Not very common; at least, we did not obtain many specimens.

Station not noted.

HARMOTHOE (Kribg.) Malmgren.

Harmothoe imbrioata Malmgren.

Aphrodita imhricaia Linn. Syst. Nat., vol. xii, p. 1804. 17G7.

Lepidonoie cirrata CErsted. Gronlands Annul. Dorsibr., p. 14, figs. 1, 5, 6, 11, 14, 15.

1843.

Harmothoe imbricata Mgrn. Nord. Hafs.-Ann., p. 67, pi. ix, fig. 8. 1865.

Very common, both at low water and in nearly all dredgings.

Family SIGALIONID^E.

PHOLOE Johnston.

Pholoe minuta (Ersted.

Pholoe minuta CErsted. Gronl. Annu. Dorsibr., p. 17, figs. 3, 4, 8, 9, 16. 1843.

Pholoe tecta Stimpson. Marine Invert. Grand Manan, p. 36. (Young of P. minuta.)

Very common. Low-water and shallow dredgings, sand and shells,

and sandy mud.

Family NEPHTHYDLILE.

NEPHTHYS Cuvicr.

Nephtiiys ciliata Rathke.

Isephthys ciliata Rathke. Beitrligc zur Fauna Norwegens, p. 170. 1^40.

Xephthyn borealia {Ersted. Ann. Dan. Consp., p. 43. 1843.

Common. Low-water and shallow dredgings; sand and sandy mud.

Nephthys CiECA CErsted.

Nephthya ca'ca Johnston. Cat. British Mus., p. 167. 1865.

Nephthy8 ecsca OERSTED. Gronl. Ann. Dorsibr., p. 41, figs. 73,74, 77, 79-86. 1843.

Nephthya ceeca Malmgren. Nord. Hafs-Ann., p. 104, pi. xii, fig. 18.

Found in the same stations as the last, but more common.

NEPHTYrs incisa Mgrn.

Malmgren. Nord. Hafs-Ann., p. 105. 1865.

Common on muddy bottoms.

Nephthys discors Ehlers.

Ehlers. Die Borstenwiirmer, p. 626, pi. xxiii, figs. 39,40. 1868.

Common on muddy bottoms.
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Family PHYLLODOCID^E.

ANAITIS Malmgren.

Anaitis speciosa Webster.

Webster. Annelida. Cluet. of New Jersey, p. 4, pi. i, figs. 8,9. 1879.

Webster & Benedict. Aimel. Onset, from Provineetown and Wellfieel, Mass.

U. S. Fish Commission Report for 1881. 1884.

Only three specimens were found at Eastport. They were larger

than those collected at Great Egg Harbor, N. J., but did not differ from

them in other respects.

PHYLLODOCE (Sav.) Malmgren.

Phyllodoce Gronlandica (Ersted.

(Eested. Groul. Annul. Dorsibr, p. 40, figs. 19,21,22,29-3-2. 1843.

Malmgren. Nord. Hafs.-Ann., p. 96. 1865. Annnlata Polycli., p. 143, pi. iii, fig.

9. 1867.

Not common. Various depths, on shells, rocks, &c.

Phyllodoce badia Malmgren.

Malmgren. Annnlata Polycli.
,
p. 144, pi. iii, fig. 6. 1867.

Common. Found with the last species; also at low water, under

rocks.

Phyllodoce mucosa (Ersted.

(Erstep. Ann. Dan. Consp., p. 31, figs. 25, 79, 83, 89. 1843.

Malmgren. Ann. Polych., p. 21, pi. ii,fig.7. 1867.

Quite common. Pound with the last two species.

EULALIA 8a v'tgny.

EtTLALIA BILINEATA 71. sp.

(PL. I, Figs. 1-3; Pi.. II, Fig. 4.)

Eulalia gracilis Verrill. Webster &. Benedict: Anuel. Cba-t. from Frovinre-

town and Wellfleet, Mass., in U. S. Fish Commission Report for 1881, p. 70'.\. 1884.

Head strongly convex, constricted at anterior fifth (fig. 1); anterior

margin with a shallow median emargination ; length and breadth, in

preserved specimens, about equal.

Paired antenna' about one-half as long as the head ; median antenna

a little shorter, arising just in front of the eyes.

Eyes large, black, circular, posterior, widely separated.

Tentacular cirri tapering slightly; posterior pair and the superior

pair of the second segment about as long as the first four segments ; re-

maining pairs one-half to two-thirds as long.
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1

The dorsal cirri on the anterior segments (fig. 2) arise near the foot

from stout basal articles; further back (fig. 3) they are much elongated,

a little wider, and more remote from the foot. This form and position

they retain on the posterior segments, falling off a little in size. The
ventral cirri are at first nearly as large as the dorsal and much like

them in every respect. They retain nearly the same form and size

throughout.

The setas (fig. 4) are quite long; the stem terminates in two long,

sharp, curved points, and the edge of the shorter one is furnished with

a series of small, sharp teeth. The appendix is much shorter than the

stem
; it tapers rapidly from a wide base.

The general color is gray with two lateral dorsal brown bauds, and
with brown specks at the base of the feet, both above and below.

The body is strongly convex above, flat or slightly convex below;

width nearly uniform throughout.

Length, 75mm to 100""".

Width, about lmm .

This is the species which in the paper on the Annelids of Province-

town, Mass., we regarded as Eulalia gracilisVerrill. It quite certain!

y

is not that species. For notes on sexual form see the Provincetowu

paper.

Found on dredged shells. Not common.

Eulalia dubia Webster and Benedict*

Common at low water and in shallow dredgings, on stones, shells, &c.

ETEONE (Sav.) (Ersted.

Eteone Saesi (Ersted.

(Ersted. Arm. Dan. Consp., p. 29, fig. 77. 1843.

Maxmgren. Ann. Polych., p. 28, pi. ii, rig. 14. 1867.

This species, judging by the description and figures given by Malm-
gren, would seem to be closely related to Eteone depressa Malmgren.
Some of our specimens seem more like the one ; others, more like the

other; while they do not exactly agree with either. In living speci-

mens the length of the head exceeds the width ; in preserved specimens

the reverse is the case. The form of the dorsal cirri is the same as in

Eteone Sarsi, but they do not arise so near the foot; but in this respect

there is a marked difference in different specimens.

Malmgren figures both dorsal and ventral cirri without basal articles.

Our specimens have basal articles with both, but with only a very shal-

low constriction, which, in alcoholic forms, might easily escape detec-

* This species lias been described and figured in a paper on the Provincetowu An-

nelids, and it does not seem necessary to repeat the description, although (lie paper

is not published at the time of this writing. (To be published by the U. S. Fish Com-
mission. )
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tiou. The basal article of the ventral cirri forms at least one-half the

entire length of the ventral cirri. The eyes are small, red, posterior.

The general color is grayish-green, or greenish-gray. Low water and
shallow dredging; sand and mud.

Eteone trilineata n. sp.

(Pl. I, Figs. 5-8; Pi,. II, Fig. 9.)

The length of the head is about equal to its greatest width (fig. 5);

antennae stout, tapering, equal, their length a little more than half the

length of the head; eyes large, posterior, circular, black.

First segment longer and wider than the second ; tentacular cirri very

long for the genus; upper pair reaching back to the middle or to the

posterior margin of the fourth setigerons segment, quite large at origin,

tapering at first rapidly, then more gradually, the outer third quite

delicate; the lower pair are about one-half as long as the upper and
relatively stouter.

The dorsal cirri on the anterior segments (fig. 7) are in contact with

the feet, are very wide, outer and lateral margins regularly rounded,

attached margin concave, basal article short and stout; the feet arc

wide and stout, of the usual form ; the ventral cirri project beyond the

feet, are bluntly rounded at apex, and have cylindrical or slightly flat-

tened basal articles as long as themselves; on the middle segments the

dorsal cirri are relatively a little longer; the ventral cirri wider at apex;

no change on the posterior segments, save a slight decrease in size.

The anal cirri (tig. G) are long, stout, usually closely applied to each other,

outer margin couvex, inner margin straight, or nearly so; on some spec-

imens they are cylindrical to near the apex and then taper rapidly.

There is a gradual diminution in width along the posterior half; also

along a few of the anterior segments. The body is convex above, with

a narrow depressed area along the sides of each segment; flattened below,

or very slightly convex.

The general color is yellowish-white, with a narrow median and wide

lateral bands of dark brown.

This species is readily distinguished from any previously described

from our coast by its loug tentacular cirri and brown bauds. Low-water
and shallow dredging.s; sandy mud and shells. Not uncommon.

MYSTIDES ThSel*

Mystides viridis n. sjy.

(Pl. I, Figs. 10, 11, 13; Pi. II, Fig. 12.)

In living specimens, in extension, the head is longer than shown in

the figure (fig. 10) and the sides lose their curvatures in great part; at

* Langerhans gives the following diagnosis of this genus: Phyllodocidce with four

antennce; threepairs of tentacular cirri; one bundle of seta'. (Zeitschriftfiir wissenschaft-

liche Zoologie, Vol. iii, p. 310, 1879.) We have not seen The"el's paper.
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rest, or in preserved specimens, the form and relative dimensions are

those shown in the figure. The apex of the head is bluntly rounded

and with a slight median emargination.

The antennae are delicate; the superior as long, or even a little longer,

than the head; the inferior about two-thirds as long as the superior and

a trifle stouter.

The eyes are large, oval, black, situated just back of the origin of the

superior antenna?.

The tentacular cirri are swollen at base, fusiform ; outer two-thirds

tapering rapidly; outer third very delicate, filiform; they arise from

stout, elongated basal articles, which increase somewhat in diameter

from their origin outward. The superior cirri of the second segment

are the longest, reaching back to the anterior margin of the fifth setig-

erous segment; the inferior cirri of the same segment are from one-

half to two-thirds as long; the cirri of the first segment about three-

•fourths as long.

The dorsal cirri are broad, heart-shaped (fig. 11), swollen, sessile, re-

mote from the foot. The ventral cirri are oval, arise from the lower

surface of the foot near its base; the line of union with the foot is really

short, but when seen from behind they appear to be attached along their

entire upper margin, having only a short projecting free part at the

apex ; they are swollen like the dorsal cirri. The form and relative posi-

tion of feet, dorsal and ventral rami, remain the same throughout, but

they are slightly smaller on a few of the anterior and posterior seg-

ments. The anal cirri (fig. 13) are every way similar to the ventral cirri.

The seta? are not numerous; all have the form shown in the figure

(tig. 12). The first segment is a little longer than the second; second

and third equal; fourth, double the second ; remaining segments about

the length of the fourth, except that a few of the posterior segments

become progressively a little shorter.

Some specimens were colorless, others light green. Length of largest

specimen, 7""". Width, O.G"" 11 to O.S'
nm

.

Six to twelve fathoms ; mud, sand, and shells.

Family HESIONID^E.

PODARKE Elders.

. PODARKE ABERRANS 71. sp.

(Pl. I, Figs. 14-18; Pl. II, Figs. 19, 20.)

It is with some hesitation that we refer this form to Podarke. It

differs from that genus in the position of the median antenna, in the

absence of eyes (in the adult), but especially in the peculiar fan-shaped

appendage attached to the anal segment. We found the same form at

Provincetown, Mass., in 1879, but the specimens were too much in-
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jured for description. At Eastport we found but one adult specimen,

aud before figures were made the anterior part was accidentally lost;

but a number of half-grown specimens, evidently of the same species,

were taken.

In the adult form the head is somewhat more quadrangular than in

fig. 1G (young); the antennae relatively a little longer, and there are no

eyes. The unpaired antenna arises near the posterior margin of the

head, and is a little shorter than the superior paired antenna'.

The first segment is shorter than the second and third and is hardly

visible dorsally, except at the sides. The tentacular cirri have long

basal articles, are from two to three times the width of the body in

length, taper uniformly, becoming quite delicate near their outer end.

The dorsal cirri (fig. 14) are in all respects similar to the tentacular

cirri and nearly as long. The dorsal ramus is a small but well defined

papilla. The ventral ramus is large, its inner two-thirds (fig. 14) cyl-

indrical, outer third bluntly conical. The ventral cirrus arises at the

outer third of the ventral ramus, is stout, conical, and projects beyond

its ramus.

The chief peculiarity of this species is in the structure of the anal

segment. The anal opening is large, dorsal, surrounded by a thin mem-

brane, with scolloped margin. Attached to the posterior ventral margin

of this segment (fig. 15) is a membranous, horizontal plate, nearly double

the width of its segmeut, and with its lateral margins rounded. The

free margin has a series of lateral papillae or digitations, bluntly rounded

at apex, better defined at the sides than behind. In the young forms

there are two anal cirri which arise at the outer posterior angles of the

anal segment, run across the anal plate (fig. 17), and extend far beyond

it. There were no anal cirri on our adult form, but it seems probable

that they had fallen off.

The form of the ventral seta3 is shown in fig. 20; their arrangement

in fig. 18. The dorsal setae (fig. 19) are short, stout, simple, six to eight

in each bundle.

The anterior division of the alimentary canal extends back to the sixth

or seventh segment, where it suddenly passes into a much wider tube,

which uearly fills the cavity of the body. The proboscis ends in a cir-

cle of conical papilla'.

The body is convex above, nearly flat below ; the segments increase

in width and slightly in length to the middle of the body, after which

they gradually become smaller, the posterior segments being very short.

Head and body, white; appendages, colorless; alimentary canal, white,

the anterior, narrow part margined, with a wide, colorless band.

Length, (
J""".

Width, 1

Most of our specimens appear to be about half-grown. In these the

head is rounded (lig. 1G); there are two minute, lateral, red eyes; the

tentacular, dorsal, and ventral cirri are much shorter than in the adult;
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the anal plate is a thin membrane,, with simple margin, projecting only

a short distance beyond the anal segment, and not wider than that

segment, and the posterior segments are much longer than in the ma-

ture form.

Length, 3-6""\

Width, 0.2"1
"', 0.6mm .

Coarse sand and gravel and muddy sand; not uncommon.

Gyptis Marion and Bobretzky,

Gyptis vittata, n. sp.

(Pl. I, Figs. 21, 22; Pl. II, Fig. 23.)

The head is somewhat quadrangular (fig. 21), the lateral and ante

rior margins being slightly convex, the posterior margin concave, all the

angles widely rounded.

Superior paired antennae cylindrical to near the end, then suddenly

conical ; median antenna*, short, fusiform ;
iuferior antennae (palpi) com-

posed of two articles, about equal in length
; they arise well bach on

the inferior surface of the head, and are nearly as long as the superior

antenna1

, but the part visible in a dorsal view is only about one-hall' as

long; both articles are cylindrical, the inner larger than the outer.

There are two pairs of eyes situated on the middle line; the outer

pair crescentic, large, lateral ; the inner pair almost in contact with the

•outer, oval, small.

The first segment seen dorsally is very short; it bears two pairs of

tentacular cirri ; the second segment a little longer than the first,

shorter than the second. The tentacular cirri taper slightly from their

origin ; they are composed of numerous articles, of which those along

the inner third are shorter and less distinctly separated from each other

than the others. The upper cirri are from two to three times the width

of the body in length ; the lower from one-half to two-thirds as long as

the upper.

The dorsal cirri are similar to the tentacular cirri, but a little shorter

and not so stout. The feet begin on the fifth segment; they are com-

posed of two distinct rami (fig. 22). The dorsal ramus arises from the

inner part of the foot, just below (outside) the origin of the dorsal cir-

rus; it is small but well defined, somewhat compressed, more convex

above than below, pointed ; the lower ramus (fig. 22) is stout, elon-

gated, inner three-fourths irregularly convex, outer fourth conical ; the

ventral cirrus arises from the under surface of the foot, near its base,

is stout, conical, apex bluntly rounded, from one-half to two-thirds the

length of the foot.

There are three anal cirri, two long, lateral similar in all respects

to the dorsal cirri, and one short median style.

The body is convex above, nearly flat below, widest in the middle.
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The dorsal setae are simple, straight, as long as the stem of the ven-

tral setae, or even a little longer. The ventral setae are quite long,

numerous (figs. 22, 23), stem inuch longer than the appendix.

The proboscis when fully extended shows a circle of rather long,

slender, acute papillae, a little behind the anterior end.

Some specimens were without color, except that back of the eighth

segment they had a yellowish tint due to the internal organs ; others had

the anterior segments crossed by a narrow band of light yellowish

brown, with a patch of the same color at the base of each foot.

Length, 4-0""".

Width, 0. 5-lmm .

Low water, rocks ;
25-30 fathoms, shells.

Taphus, n. (j.

Hesiouida; with three antenna;, two palpi, no tentacular cirri. Dorsal

seta; simple; ventral setae compound. Two maxillary pieces in the

fotm of stylets.

Taphtjs hebes, n. sp.

(Ph. VIII, Figs. 113-118.)

The width of the head (fig. 113) is nearly double its length; anterior

margin slightly convex ; anterior angles bluntly rounded
;

posterior

margin straight.

Eyes minute, anterior, just back of the origin of the lateral antennae,

not visible in alcoholic sneeimeus.

The antennae arc stout, elliptical ; the median, arising from the ante-

rior margin of the head, is as long as the head ; the lateral, arising from

the lower surface, but very close to the anterior margin of the head,

are a trifle shorter than the median. The palpi (fig. 114) are placed

near the posterior margin of the head; they are short, stout, nearly

spherical, sometimes in contact, sometimes remote from each other.

Just back of the palpi, on the anterior margin of the first segment, is a

pair of conical cirri ; their function or homology we do not understand.

The first segment encroaches on the sides of the head, but otherwise

is not visible dorsally ; it bears seta; only.

The dorsal seta; (figs. 113-117) arise directly from the dorsal surface,

near the lateral margin ; they are numerous, stout, long (fig. 117), and

with a few stout spines or teeth, remote from eacli other along one mar-

gin of their outer half; they stand erect, much crowded at origin, but

diverging at summit, owing to their curved form. Below (outside) this

bundle of setae is a cirrus nearly as long as the setae themselves, stout,

swollen basal article; these cirri grow progressively longer, those on the

last setigerous segment being a third longer than those on the anterior

segments.

The ventral ramus (fig. 110) is stout, somewhat compressed ; near its

base arises a conical or somewhat fusiform ventral cirrus, which pro-

jects slightly beyond the ramus.



[11] ANNELIDA CH^ETOPODA. 717

The ventral sette (fig. 118) are a little longer than the dorsal setre,

compound, terminal article very delicate ; they are arranged in a fan

pointing outward and a little downward.

The body is widest in the middle, very slightly convex above, flat-

tened below, its form closely resembling Aplirodita aculeata.

The anal segment is small and prolonged into a conical cirrus-like

structure.

Number of setigerous segments, 13.

Length, 1.5'"'".

Width, 0.5m '".

Sandy bottom; 6-12 fathoms. Eare.

SYLLIDiE.

SYLLIS Savigny.

Syllis pallida Verrill.

Verrill. American Journal of Science and Arts, vol. x, p. 39, pi. iii, fig. 0, 1875.

Professor Verrill gives as the length of this species 15mm ; some of our

specimens had a length 45m "'. The ventral cirri are longer than the

feet ; on the posterior segments twice as long. Anal cirri three, the

lateral longer than any other of the appendages j median a short style.

Low water, mud and sand ; on shells and stones to thirty fathoms,

sand. Common.
SYLLIDES (Ersted.

Syllides Convoluta Webster & Benedict,

Weisster »fc Benedict. Anuel. Chaet. from Provincetowu and Wcllllect, Mass. U.S.

F. C. Report for 1881, p. 709, pi. ii, figs. 12-10. 1884.

The Eastport specimens arc much larger than those found at Prov-

iucetown, but otherwise agree with them perfectly.

Length, 5-7""".

Width, with feet, 0.5-1""".

Sand; low water. Not uncommon.

Syllides longocirrata (Ersted.

Syllides longocirrata (Ersted. Kroner's Tidskrift (teste Langerliaus). 1845.

Anopllo8yli8 fulva Marion and Brobretzky. Anuales ties Sciences Natur., s6r. vi,

vol. ii, p. 28, pi. ii, fig. 8, pi. iii, fig. 8. 1875.

Syllis ochracea Marenzellei:. Zur Kcuntniss tier Adriatischen Anneleden, p. 27, pi.

iii, fig. 1. 1875.

Syllides longocirrata Langeriiaus. Zeitsclirift fur wissens. Zoologie, p. 548. 1879.

This foim was met with more frequently than the last, though neither

was common
;
yet in certain localities they could always be found.

The cirri and antenna? fall off very readily.

We found small rejecting papillre on the lower surface of the palpi,
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at about the middle point, as in a tfyllides convoluta ; in preserved speci-

mens they can be seen only with difficulty.

The contents of the intestines were dark brown to black.

The setae of the anterior segments are very numerous, forming dense

bundles ; they decrease rapidly in number after the fifth segment. The
simple seta of the first five segments is recurved at the end, flattened and

denticulated along the recurved edge as figured by Marion and Bob-

retzky ; but after the fifth segmentthis seta is replaced by a longcapillary

seta, as long as the longest compound seta*. We have already pointed

out the differences in the seta1 of this species as figured by Marion and

Bobretzky and Marentzeller (see Provincetown paper). In fact if one

were to follow these descriptions and figures carefully, it would be

necessary to regard them as representing distinct species, and our speci-

mens would then stand for still another species. This may well bo the

case, but if Langerhaus's identification is correct, it is probable that

our form will fall in with the others.

Sand, gravel, mud ; low water to 25 fathoms.

STREPTOSYLLLS Webster & Benedict.

Streptosyllis yarians, n. sp.

(Pi.. II, Figs. 24-31 ; Pl. Ill, Figs. 32-34, a b.)

Head, quadrangular (fijr. 24) width nearly double the length; the line

of separation between the head and palpi very indistinct
;
posterior mar-

gin slightly concave. There are four eyes, dark red; posterior pair

largest, a little behind the middle line, lateral, circular; this pair may
be divided so as to give two or even three pairs, but one pair is the

normal number; anterior pair minute, just outside the bases of the lat-

eral antennae.

The lateral antennae are club-shaped; their length is about equal to

the width of the head. Median antenna from two to three times as long-

as the lateral ; they may be club-shaped or cylindrical.

The buccal segment is nearly as long as the second segment; it en-

croaches slightly on the head.

The tentacular cirri are like the lateral antenna1

, but a little shorter,

the inferior shorter than the superior.

The palpi are free in front of the head, otherwise coalesced ; the free

part long, outer half conical, almost pointed; often they are turned

directly downward; from the middle of the lower surface a small, cylin-

drical or slightly clavate papilla projects (fig. 33).

The dorsal cirri on the anterior segments (fig. 24) arc similar to the

lateral antennas, Further back they may be club-shaped, or cylindrical

and irregularly wrinkled, or they may be moniliform with articles of

varying length (fig. 34, a b). The ventral cirri are but little shorter

than the dorsal (figs. 25-27), very stout at base, conical, acute, wrinkled
;

they arise near the base of the foot and project beyond it, or they may
he turned backward. The seta3 are compound, with one, or rarely two,
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simple setse in each bundle. The compound setfe of the anterior feet

have very short terminal articles (figs. 25, 28). Both the stem and the

appendix become somewhat longer, going backward, and retain their

length on the posterior segments (figs. 20,29,30). The appendix is

truncate, with two minute terminal teeth.

The simple seta? (fig. 31) are longer on the segments back of the first

third than on the anterior segments, while the curvature is greater on

the anterior than on the posterior segments, and on the posterior seg-

ments they are nearly straight. There is a single acicula in each foot

(figs. 25, 27, 32), very stout, and with a large terminal button, which

barely projects from the foot.

The appendix of the compound seta3 in this species lacks the covering-

membrane found on the setse of Strtytosyllis arena W. & B.

The pharynx occupies six segments, and terminates in front in a circle

of triangular papillae. The stomach is narrow, occupies eight segments,

narrows slightly behind and passes into the intestine without the inter-

vention of any peculiar glands ; but the intestine in the first segment

back of the stomach is colorless. The body is convex above, flattened

below ; middle third of uniform width, tapering uniformly but gradually

along the anterior and posterior thirds.

The body is colorless ; the intestine dark brown to black
;
pharynx,

light brown; stomach, white.

$ . The capillary (sexual) seta; begin on the male on the twenty-first

setigerous segment ; they are short (fig. 27), not reaching beyond the

dorsal cirri, delicate ; they fail only on two or three of the posterior seg-

ments. The body back of the stomach is much swollen, pure white, but

retaining the median, intestinal, brown band.

9 . The sexual setae of the female also begin on the twenty-first seti-

gerous segment, but they are very long and delicate (tig. 20). The eggs

are few, large, irregularly polygonal, pure white.

Dimensions of adult non-sexual forms: Length, 6-Smni ;
width,

0.6-0.8"™.

We found this species at West Quoddy in coarse sand and gravel, at

low water. The area over which it occurred was small, and although

diligently looked for, it was not found in any other locality.

EUSYLLIS Malmgren.

Quite a number of specimens of some species of this genus were

taken. They did not seem to agree perfectly with any described species,

but were not described while living and are not now in a condition to

admit of accurate description.

PTEEOSYLLIS Glaparede.

GatlioJa cincinnatta Veeeill. Proc. A. A. A. S., p. 394, pi. 2, fig. 1 (no description).

1874.

Ptero8yllis tincinna tta Veeeill. Trans. Conn. Acad., p. 308.

Bare; 20-30 fathoms; rocks and shells,
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SPH^EROSYLLIS Claparedc.

Spii^erosyllis brevier ons Webster & Benedict.

Only one specimen was found. Sand ; low water.

Sphverosyllis longicauda, n. sp.

(Pl. Ill, Figs. 35-39.)

The sides and front of the bead arc regularly rounded, posterior mar-

gin nearly straight ; the width almost double the length. The palpi

project slightly beyond the head (fig. 35); there is a shallow anterior

emargination, and an impressed line above and below.

The antennae and tentacular cirri are short, stout, fusiform, suddenly

acuminate near the end. The buccal segment is short, but perfectly

well defined.

There are six eyes
;
posterior pair largest, situated on the median

line in advance of the median antenna, lateral, oval ; middle pair well

within and just in front of the posterior pair, small, circular; anterior

pair on the front margin of the head, within the base of the lateral an-

tenna?, minute, circular.

The dorsal cirri of a few of the anterior segments are shaped like the

antennas, but longer (fig. 35) ; further back the basal swelling becomes

less (fig. 37) and the length greater, while on the extreme posterior

segments they again become enlarged at base without falling off in

length (fig. 3G).

The anal segment is a little longer than the one preceding it, hex-

agonal (fig. 36); it bears three cirri, of which the lateral pair have the

form of the median dorsal cirri, but are longer ; the median cirrus is

short, cylindrical. In each bundle of seta? is a long, pointed, simple

seta ; the. compound seta? have long stems, and for the genus long ter-

minal articles (figs. 38, 39).

Scattered over the body and feet (fig. 37) are numerous cylindrical

papillae. The body is convex above, flattened below, widest in the

middle, tapering slightly in both directions, colorless or yellowish white.

The females were found carrying eggs during the entire time of our

stay in Eastport (from the middle of June to September). The eggs

were arranged in lour series on the dorsum, one between the feet and

the dorsal cirri, another just within the dorsal cirri, on each side, leaving

a narrow, naked, median space
; they were spherical, white. The sex-

ual seta? begin in both sexes on the sixth setigerous segment ; in the

female, their length was four times the width of the body ; in the male,

one-half this length.

Length, 2.5-4mm .

Width, 0.25-0.35""".

Low water, sand ; 20-30 fathoms, shells and rocks.
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P^DOPHYLAX GlaparMe.

P^edophylax HEBES Webster & Benedict.

The bideutate simple seta? described for this species were not so well

marked as iu the Provincetown specimens. The statement that the

pointed simple seta; are replaced by these must be corrected so as to read

that there are two simple seta^, dorsal and ventral, on the posterior

segments ; the ventral shorter than the dorsal, somewhat curved near

the apex, and sometimes bidentate.

In front of the stomach the body is colorless; behind it a golden

yellow.

Rare ; sand, low water. Found only at West Quoddy.

PyEDOPHYLAX BREVICORNIS, 11. sp.

(Pl. II, Figs. 40, 41; Pl. Ill, Figs. 42-45.)

In this species the line of the division between the head and palpi

is indistinct ; the head is oval (fig. 40), the width far exceeding the

length ; the palpi are united, but have a well-marked terminal emargin-

ation ; there are four or sometimes six eyes, dark reddish-brown
; the

antenna} are minute, equal, or nearly so, fusiform, situated between the

posterior eyes.

Buccal segment about one-half as long as the second segment.

Tentacular cirri minute. Dorsal cirri larger than the tentacular cirri,

but very small (fig. 41), remote from the foot. Ventral cirri nearly as

large as the dorsal. Anal cirri delicate, slightly enlarged along their

middle third, three to four times as long as the anal segment, by far

the longest appendages of the body.

The setae are most numerous on the anterior segments; there are three

kinds. In the upper part of each bundle a simple curved seta (figs. 44,

45); on the posterior segments two of these simple seta?, one dorsal,

one ventral ; also in the upper part of each bundle from one to three

compound seta? with quite long and very delicate terminal articles (fig.

42); seen in certain positions these seta' appear to be simple, with sud-

denly diminished diameter at what is really the articulation; in the

lower part of each bundle from two to six short, stout seta?, with short

terminal articles (fig. 42).

The body is convex above and below (fig. 41) ; colorless; stomach,

white.

The pharynx occupies seven segments ; the stomach two to three-

Sexual seta? on the males begin on the eighteenth setigerous segment

;

they are very long and delicate.

Length, 1.5-2'™

.

Width, 0.25-0-3mm .

Not uncommon. Sand, low water; 8-30 fathoms, sand and sandy

mud.
S. Mis. 70 4G
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PiEDOPHYLAX LONGICIERIS, 11. sp.

(Pl. Ill, Figs. 46-50.)

Iii this form the head is oval, the width double the length. The palpi

have a shallow anterior cmargination, a deep triangular excavation

below, the apex of which reaches nearly to the anterior margin of the

palpi (fig. 4G).

There are two pairs of dark-red eyes, large, oval, directed forward

and inward ; often not so regular as shown in the figure.

The antennae are cylindrical, or sometimes a little enlarged along

their middle third ; the median antenna may extend to the end of the

palpi ; the lateral antennas are about one-half as long as the head.

Buccal segment about one-half as long as the second segment; tentac-

ular cirri shaped like the lateral antennae, but a little shorter.

Dorsal cirri fusiform, a little longer and stouter than the lateral an-

tennas. Ventral cirri (fig. 47) similar to the dorsal, but more delicate.

Anal cirri as long as the median antenna ,• one specimen has three of

equal length ; others, two only ; others, three, with the middle cirrus

quite short.

The seta? on the anterior segment arc numerous, and of two kinds,

both compound. In the upper part of each bundle usually three with

long delicate appendix (fig. 48); in the lower part, five to seven, short,

with short appendix (fig. 49) ; at about the middle third a new and

very peculiar form of seta appears (fig. 50); one in each bundle, above

the others. This seta seems to terminate in two teeth ; one stout,

curved, bluntly rounded at apex ; the other a delicate spine, as long as

the first, or even projecting beyond it.

The pharynx occupies five segments; the stomach, about two ; it has

twelve series of " glands."

Body convex above and below (fig. 47) ; white or yellowish white.

On the only male taken the sexual setae begin on the thirteenth seti-

gerous segment; on the only female, on the eighth; but these indica-

tions cannot be relied on.

No entire specimens were found, but the dimensions are about the

same as for the last species.

Rare. Low water; sand, to 20 fathoms, sand, gravel, shells.

AUTOLYTUS (Grube) Marentzcllcr.

AUTOLYTUS CORNUTUS A. Ag.

A. Agassiz. Journal Boston Society Natural History, vol. vii, p. 302, pl. 9, 11. 186:5.

Rare. Low water; sand.

AUTOLYTUS SOLITARIUS n. sp.

(Pl. II, Figs. 51; Pl. IV, Figs. .^2,54.)

A single male specimen was taken, which does not seem to agree

with any described form.
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Head short, concave in front and behind ; dorsal and ventral eyes

with lenses; anterior antennae bifurcated, roughened, and covered with

numerous hairs; the anteume back of these short, increasing in diame-

ter from origin to apex; median antenna and superior tentacular cirri

very long, regularly tapering.

The feet of the first three segments are conical, a trifle flattened;

their dorsal cirri (tig. 54) arise near their base from stout rouuded basal

articles ; on the fourth segment the feet become irregularly cylindrical;

the dorsal cirri originate near the apex (figs. 52, 53) and are enlarged

at base; capillary (sexual) seta? appear on this segment and persist on

al! save the last two segments. The feet elongate gradually to about

the eighth segment, where they equal the width of the body; they

shorten again along the posterior third.

The compound seta) are of the usual form, but quite long; a little

longer on the first three segments than afterwards.

Color, brownish-red.

Length, 5TOm .

Width in the middle, without feet, 0.25 lum ; with feet, 0.7 IU1".

PEOCERyEA Elders.

Piiocer^ea gracilis Verrill.

Vekiui.l. American Jonrual of Science, vol. vii, p. 132, pi. v, tig. 1. 1874.

Out specimens, in all probability, belong to this species. The epau-

lets, however, are much wider than figured by Verrill ; in fact, they

nearly cover the buccal segment, leaving a narrow triangular space in

the middle; they are yellowish-brown, with a yellowish-white margin.

The body is white, or yellowish-white; there is a broad, median, brown

band, which runs the whole length of the body; similar lateral brown
bands extending to the middle of the body, or, if prolonged beyond

the middle, becoming fainter. Anteume and all cirri covered with stiff

hairs and filled with gleaming granules. The pharynx is much convo-

luted; it occupies seven segments; the stomach, three segments. The
palpi project beyond the head as a thin rounded rim, with a shallow,

median, impressed line above and below.

No adult females were found. In two specimens, not yet separated

from the stem form, the head originated just back of the' fourteenth

segment; sexual setse on the eighth segment behind the head; and on

1 hose specimens were found only on 14 segments, followed by many seg-

ments with the ordinary seta? only. The length of the median antenna

was about twice the width of the body ; lateral antenna) two-thirds as

long as the median; tentacular cirri formed, but still very short. The
eggs were numerous, pink.

Only one adult male was taken. This is very much like (Ersted ?s

Polybostrichus longosetosus ; indeed, it seems to us to be identical with

ii. We understand Professor Verrill not to concur in this view, and
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shall leave it to him to determine, as he has probably better material

for doing so than we have.

Common. Low water, sand ; to 30 fathoms, sand, shells, hydroids, &c.

Procer^ea (Stepiianosyllis) ornata
(
Verrill).

Stephano8jfllia ornata Verrill. American Journal of Science, vol. vii, p. 132, 1874.

Proceedings American Association for the Advancement of Science, p. 378,

pi. 4, fig. 1, 1874.

Oar specimens were not so highly colored as those found by Pro

fessor Verrill. For the most part they were some shade of orange along

the anterior dorsal region, fading, and often becoming white, behind

;

sides and ventral surface yellowish-white.

Pharynx occupying from fourteen to eighteen segments; much convo-

luted along the last part of its course, sometimes passing by the stom-

ach and returning; stomach, two segments. A minute anterior pair

of eyes.

Common. Found with the last species.

Family NEREIDS.

NEREIS (L.) Cuvier.

Nereis pelagica Linn.

Very common at low water under-stones, and at all depths on rocky

and shelly bottoms.
Nereis virens Sars.

Very common. Low water ; mud and sandy mud.

Family EUNICID^E.

NOTHPJA (Johnston) Malmgren.

Nothria conchylega Malmgrcn.

Ounphia conchylega Sars. Beskriwelsir og Iagttogelser, p. (51, pi. 10, fig. 28 {teste Malru-

gren). 1835.

Northia conchylega Johnston. Catalogue of British Worms, p. 138, 186.").

Nothria conchylega Malmgren. Annulata I'olychata, p. 66, 1867.

Nothria conchylega Verrill. Trans. Conn. Acad., p. 41, 1874.

We obtained but two specimens.

Rocks; 20 fathoms.

NINOE Eimberg.

Ninoe nigripes Verrill.

Verrill. Invert. Animals of Yin. Sound, p. 595, 1874. Proceedings American Asso-

ciation for the Advancement of Science, p. 382, pi. 3, fig. 5. 1874.,

Not uncommon. Stations not noted.
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LUMBKINEREIS (Blv.) Elders.

LUMBRINEREIS FRAGILIS Atld. & M. Ed.

Audouix and M. Edwards. Anuelides. Littoral de la Fiance, p. 170. 1834.

Malmgren. Aunulata Polychseta, p. 177, pi. xv, fig. 8:5. 1867.

Common. Stations not noted.

LUMBRINEREIS IIEBES Vcrrill.

Lumbrinereis ohtusa Verrill. Proceedings A. A. A. S., p. 383. 1874.

Lumbrinereis hebes Verriix. Proceedings IT. S. National Museum, p. 174. 1879.

Only two specimens were taken.

Sand, low water.

Lumbrinereis acicularum n. sp.

(Pl. IV, Figs. 55-59.)

Head and body of the usual form.

Anterior feet (fig. 57) stout, short; posterior lip a trifle longer than

1 he anterior ; further back the feet are longer, and the posterior lip elon-

gated more than the anterior (fig. 58), the disparity in length becom-

ing still better marked on the posterior third ; on the extreme posterior

segments the feet are obsolete; in each foot from two to five stout

aciculse.

The seta' form two bundles, dorsal and ventral ; to about the fortieth

segment the seta3 are all capillary, those of the dorsal bundle longest.

After the fortieth segment uncinate seta3 appear, gradually displac-

ing the others ; at the seventieth segment only two or three capillary

seta? remain in the dorsal bundle, none in the ventral ; on the posterior

third or fourth there are only uncinate setae.

Anal cirri (fig. 59) stout, rather long.

Length, 250,um .

Diameter, G '".

Sand, low water. Eastport, Provincetown, Mass., and Block Island,

K.I.

This species has much the appearance of Arabella opalina Verrill.

DEILONEREIS Claparede.

Drilonereis magna 11. Sp.

(Pl. IV, Figs. GO-63.)

The feet throughout are short and stout, somewhat longer behind

than in front, the increase in length being due mainly to the elongation

of the posterior lip.
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The setoe are simple, bilimbate, margins minutely denticulate ; a few

appear to be without margin. Iu each foot a stout acicula (tig. GO)

projecting far beyond the foot. The upper-jaw pieces (tig. G2) resemble

those of Drilonereis longa Webster, but the posterior pieces (triiger)

are slightly enlarged at their anterior end. The second pair of jaw
pieces have ten teeth along their inner margin. Of these the first (an-

terior) and third are quite large, the second and all behind the third

small and of nearly uniform size. The lower jaws were present in all

specimens examined ; they are minute and have the form shown in

fig. G3.

This species may be readily distinguished from Drilonereis longa Web-
ster by the shortness of the posterior feet and by its greater diameter.

Length, 175mm .

Diameter, 2mm .

Sand, low water. Eare.

Family GLYCERINE.

EUGLYCEEA Verrill.

EUGKLYCERA DIBRANCHLATA Verrill.,

Ghjccra dibranckiata Ehlers. Die Borstenwiirmer, p. G70, pi. xxiv, figs. 1, 10-28. 1868.

llliyncliobolus dibranchiatiis Verrill. Invert. An. Vin. Sound, &c, p. 596, pi. x, figs. 43,

44. 1874.

Euglycera dihravcliiata Verrill. Trans. Conn. Acad., p. 296, foot-note. 1881.

We found but one specimen ; this one, however, was very large.

Sand, low water.

I

EHYNCHOBOLUS Claparede.

Eiiynchobolus CAPITATUS Verrill.

Ghjccra capitata CErstep. Gronl. Ann. Dorsibr., p. 44, pi. vii, figs. 87, 88, 90-94, 96, 99.

1843.

Jxhyrichobohis capitatus Verrill. Trans. Conn. Acad., p. 43. 1874.

Not common. Low water ; sand; to 30 fathoms, rocks and sand.

GONIADA And. and M. Ed,

GONIADA MACULATA CErstcd.

CErstep. Ann. Dan. Consp., p. 33, figs. 16, 23, 91, 95,. 97, 98. 1843.

Not common. Low water to 30 fathoms, rocks and sand.
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Family OPHELIID^E.

OPHELINA CErsted.

Ophelina aulogastra Grube.

Ammoirypane aulogaster Rathke. Beitriige zur Fauna Norwegens, p. 188, pi, x, tigs,

1-3. 1840.

Ophelina acuminata (ERSTED. Aun. Dan. Consp., p. 45. 1843.

Ammotrypane aulogastra MAlmgren. Anmilata Polych., p. 73. 18G7.

Ophelina aulogastra Grube. Anmilata Sempriana, p. 193. 1877.

The descriptions of this species differ from each other in some points.

(Ersted assigns branchiae to all the segments ; Rathke and Grube say

that they begin on the 4th setigerous segment; on our specimens they

appear sometimes on the 4th, but usually on the 2d, setigerous segment.

Grube gives 44 pairs of branchiae: Rathke says 43, with one ante-anal

segment without branchiae; ours have 42 pairs, with 3 ante-anal setig-

erous segments without branchiae. Grube finds pairs of lateral pa-

pillae, or cirri, on the anal segment ; Rathke none ; ours have, in adults,

8 pairs, and a terminal cirrus. The head is not correctly figured by

Rathke ; near the apex is a well-defined constriction, followed by a fusi-

form, sharp-pointed article.

Common. Low water to 10 fathoms; sand, gravel, and shells.

Family SCALlBREGMIDJE.

SCALIBREGMA Rathke.

SCALIBREGMA MINUTUM, H. sp.

Differs from Scalibregma inflatum Rathke in that the branchiae begin

on the second setigerous segment, and in having five anal cirri—two

dorsal, two ventral, one medio-ventral. It is also much smaller than

Rathke's species.

The notes made on the living specimens were not full, and the pres-

ent condition of the alcoholic specimens does not admit of accurate de-

scription.

Length, 5-7mm .

Diameter, 1.5-2mm .

Common. Sand and mud, shallow dredgings.

Family THELETHUSIDiE.

ARENICOLA Lamarclc.

Arenicola marina L.

ISIot generally distributed, but abundant at Welch Pool, in the sand,

at low water.

«
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Family SPILERODORID^E.

EPHESIA RathJce.

Epiiesia gracilis Ratlike.

Epiiesia gracilis Ratiike. Beitrage zur Fauna Norwegens, p. I7G, pi. vii, figs. 5-8.

1840.

Sphwrodorum peripatus Claparede. Beobachtuugeri, &c, p. HO, pi. xi, figs. 8-18.

1863.

Only two specimens of this species were taken. One bad the body

filled with rather large eggs, dark red, with a purple tinge, and with a

darker nucleus. Our specimens agree perfectly with Claparede's

description of Sphwrodorum peripatus. The body is covered by a very

delicate membrane, which is external to and completely covers all the

appendages—rami, cirri, papillae, &c.

Just within each dorsal cirrus is a second spherule, smaller than the

cirrus, but larger than the other papillae, and definite in position. On
each segment there are three series of papillae attached to the body by a

slender cylindrical stalk. The papillae have various forms—spherical,

cylindrical, or even cup-shaped, in which case the margin of the cup is

fringed (digitate).

Twenty-five to thirty fathoms, rocks, shells, hydroids, &c.

Ephesia minuta, n. sp.

(Pl. IV, Figs. G4-GG.)

In this species the head is rounded at the sides and above, truncated

in front, nearly straight behind, its length a little less than its width.

One pair of black circular eyes, lateral, median. From the outer angles,

above and below, of the truncated front of the head arise antennae.

These are longer than the head, somewhat swollen along their inner

third, then conical ; their inner two-thirds bearing numerous long cylin-

drical papillae, so long that the antennae seem to be branched.

The head can be retracted so far as to conceal both itself and the an-

tennae. Thehead is also furnished with cylindrical papillae, shorter than

those on the antenna;. One of the papillae, however, arising between the

eyes is much elongated and seems almost like an unpaired antenna.

The first segment bears seta?, but has a pair of tentacular cirri, of

about the same length as the median papilla of the head, and in all re-

spects similar to it.

The dorsal cirri are globular (fig. G4), attached to the body by a nar-

row neck. There is a transverse series of these globular papillae, 10-12

in number on each segment, with numerous smaller globular and cylin-

drical papilla?- scattered over the general surface. The terminal pa-

pilla? at the summit of the large spheres, described by Olaparede for

Sphccrodrum peripatus, do not exist in this species, but all the papilla?
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show the vermiform contents described by him. All the papillae are

attached to the body in the same way as the dorsal cirri.

The anal segment is without rami or setae, and is smooth above. It

has, however, two large dorsal cirri, and a median, elongated, cylindri-

cal ventral cirrus.

The feet are unramous, carry numerous papillae, and often appear to

be bifurcate at extremity, owing- to one of these papilla? arising near the

apes and pointing outward, reaching to the apex of the foot.

The setae (fig. GO) are all compound, delicate; those on the anterior

segments relatively short (figs. C4, 65).

The pharynx occupies four segments. The stomach is barrel-shaped,

transversely striated, occupies four segments. The iatestine in the first

segment back of the stomach is very narrow
;
just back of this the in-

testine becomes quite large.

Some specimens had the body cavity filled with a granular fluid

without corpuscles of any kind. In others there were numerous cor-

puscles, in form similar to those found in Cirratulus, reddish purple, with

'clear center, their diameter about one-fifth that of the body. They
floated about freely, rolling over each other. They were all back of the

stomach. In one large specimen there were 70 of these corpuscles. In

other specimens the place of these corpuscles was taken by cells, which

seemed to be simply membranous sacks with fluid contents. Some of

these were quite large, others small. They were spherical, or somewhat
elongated. In number and position they agreed with the purple disks

mentioned above. When the purple disks existed the cirri and papillae

were filled with dark-brown, almost black, pigment. This was also

sometimes the case, but always in a less degree, when the purple disks

were absent.

The diameter was greatest at the middle of the body.

Dorsum, yellowish-white; sides and feet, white.

Length, 3-4mm .

Diameter, 0.0-0.8""".

This form occurred in nearly all dredging, appearing to be very gen-

erally distributed.

Family CHLOILEMID^E.

TROPHONIA 71/. Edwards.

Trophonia pltjmosa Johnston.

Ampliitritc plumosa Mullei:. Prodr. Z. D. n. 2621, p. 216 (teste Malrugren).

Trophonia plumosa JOHNSTOW. Cat. Brit. Mus., p. 224, pi. 19, figs. 1-10. 1865.

We found but one specimen of this species. One other was brought

to us by Dr. Nolan from Grand Manan.

Sand and shells, 8-12 fathoms.
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Trophonia aspera (Stimpson) Verrill.

We refer two specimens—one entire, the other a fragment—to Stimp-

son's species, with, however, some doubt. Professor Verrill has referred

some form to Trophonia aspera, but without description, and Stimpson's

description is so defective as to make identification doubtful, if not im-

possible. On our specimens the dorsal setae are more strongly curved,

and the papillae of the body longer and stouter than on T. plumosa.

There are four or five dorsal setae in each bundle. They decrease in

length and increase in curvature from above downward.

Sandy mud, 6-10 fathoms.

ZOBUS, n. g.

Tentacles and branchiae arise from a protrusible cylindrical stalk.

Setae of anterior segments prolonged to form a cephalic cage. Setffi all

capillary. Body covered with papillae.

Zorus sarsi, n. sp.

(Pl. V, Fig. G7.)

The branchiae of this species are dark green, flattened, of uniform

width, reaching in full extension nearly to the end of the cephalic cage;

four pairs.

The tentacles are white, shorter and stouter than the branchiae,

smooth above and at the sides, canaliculate below, with the sides of

the canal scolloped.

The upper setae of the first segment are about one-third longer than

the width of the fifth segment; those of the second segment not quite

so long ; the lower setae of these two segments are a little shorter than

the last. These four bundles of seta1 form the cephalic ,cage ; for while

the dorsal setae of the next three segments are directed forwards, they

do not reach beyond the head.

After the first two segments the length of the dorsal sche is about

equal to the width of the body, or even a little longer (fig. 07) ; they

do not increase in length on the posterior segments, but seem to do so,

owing to the decrease in the diameter of the body. On a few of the

anterior segments the ventral setae are a little shorter than the dorsal

setae, but soon become of the same length.

The setae are all of one kind, delicate, transversely striate, capillary.

The diameter of the body is greatest from the fifth to about the tenth

segment; before the fifth there is a rapid falling off in width; behind

the tenth a gradual diminution, giving for the posterior segments about

one-third the greatest diameter.

The middle third of the body is concave dorsally (tig. 07); rounded

at the sides and below ; anterior and posterior thirds regularly rounded.
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The body is densely covered with elongated papillae. There is one

very long papilla at the base of each dorsal fan of setse. These papilla?

may be conical or cylindrical, and, like the setae, retain their number

and length on the posterior segmeuts.

Body green, covered with dirt; setae golden-yellow, gleaming.

Length, 10-15""".

Diameter, 2-3" 1 "'.

Number of segments, 28-32.

Not common ;• G-10 fathoms; sand and sandy mud.

SIPHGNOSTGMUM Otto.

SlPHONOSTOMUM GRTjBEI, il. sp.

(Pl. V, Figs. 68-71.)

In this species there are thirty rather stout branchiae, a little shorter

than the setae of the cephalic cage; the tentacles are two-thirds as long

as the branchiae.

The body is covered with papillae of two kinds (fig. G8), some long,

slender, cylindrical to near the end, then fusiform, terminating in a lit-

tle swelling ; these occur for the most part on the feet, and are especially

inumerous on the segments bearing the seta? which form the cephalic

cage, but they are also found on the body both above and below ; the

others are much shorter, may be either conical or cylindrical, and exist

both on the body and feet.

The Superior ramus is flattened, bilabiate (fig. GS), sides concave ;
its

seta? pass out between the two lips, 4-G in each bundle, about as long-

as the width of the body, remotely and faintly striate (loculate). The

lower ramus is as long as the upper, slightly tapering, apex bluntly

rounded, constricted near the outer fourth. In each lower ramus are

two stout setae, compound, appendix a strong, variously-curved hook

(Figs. 70, 71). One of these setae is as long as the dorsal setae, the other

much shorter.

The body is colorless and transparent, but the color of the internal

organs is for the anterior third white; middle third, red; posterior

third, greenish white.

Length, S-12mm .

Sandy bottom, G-10 fathoms.

FLABELLIGERA San.

Flabelligera apfinis Sars.

Rars. Bidrag till Soedyrones Naturalh., i, p. 31, pl. 3, fig. 1G— . Beskr. og Iaktt., p.

47 (teste Malmgken).

Common. Low water to 20 fathoms, under stones, &c.
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BEADA Stimpson.

Brada sublevis Stimpson.

Stimpson. Marine Invertebrata of Grand Manan, p. 32. 1854.

It seems very probable that this species will be found to be the same

as Brada granulata Maxmgren, in which case it would be better to

retain Malmgreu's name, as Stiinpson's notice of the species can hardly

be called a description.

Common. Low water to 30 fathoms, sand and sandy mild.

Brada granosa Stimpson.

(Pi.. V, Figs. 72-76.)

Stimpson. Grand Manan, p. 32. 1854.

We found at Eastport two species of Brada, which, by comparison

with each other, were referred to Stimpson's species. The form referred

to granosa has the dorsum and sides densely covered with long1

, coni-

cal, or cylindrical papillae (fig. 72), which, for their inner two-thirds,

are covered with sand, closely adherent. In each dorsal ramus there

are two seta?, delicate, distinctly, but distantly striate (fig. 73). In the

ventral rami, 4-G much stouter setae (figs. 74, 75), which may be more or

less curved at apex.

Common. Low water to 30 fathoms, sand and sandy mud.

Young forms of this species, taken iu the first part of July, had a

length of 2mm , diameter, 0.5,nm
. They had a distinct head (fig. 7G), near

the anterior margin of which was a pair of minute red eyes ; from the

under surface of the head, just beneath the eyes, arose a pair of flat-

tened, oval plates, densely ciliated ; these, as became evident afterwards,

were the tentacles. From a membranous ring, back of the head, arose

one or two pairs of similar plates, slightly swollen ; their origin was

usually concealed by the projection of the anterior margin of the first

segment, so that they seemed to arise from the posterior lateral surface

of the head. These are the first branchiae ; afterwards the ring, from

winch they originate, grows forward, completely covering the head and

carrying the branchiae, increasing in number, forward with it. The

tentacles at first are simple, fleshy plates, not canaliculate.

Family STERNASPID2E.

STEKNASPIS Otto.

Sternaspis possor Stimpson.

Stimpson. Grand Manan, p. 29, fig. 1!>. 1854.

Common in mud at all depths.



[2 7

J

ANNELIDA CILETOPODA. 733

Family CH^TOPTERID^E.

ETHOOLES, n. <j.

Head without appendages. Buccal segment without setae, with two
canaliculate tentacles. Dorsal rami (branchiae) situated dorsally, each

with concealed sCta. Ventral rami of first seven setigerous segments,

with superior lingula (cirrus) situated dorsally, and with several rows

of simple setae, which arise in front of a lateral plate, which varies iu

form from segment to segment.

Middle region composed of few segments. The ventral rami of this

region are elongate, cylindrical, furnished with an external, lateral

membrane. The posterior region is composed of numerous segments,

and differs from the middle region only in the absence of the lateral

membrane from the ventral rami. Anal cirri, two.

It is with much hesitation that this genus is referred to the Chaetop-

teridae, from all previously described genera of which it differs in many
respects : the branchiae begin on the first setigerous segment ; there is

no peculiar seta developed in any of the anterior segments ; the ven-

tral rami are not bifurcate. On the other hand, the structure of the

tentacles would refer it either to this family or to the ISpionidae; the

branchiae both by their position, structure, and from the fact that they

have concealed setae, recall Spiochaetopterus ; and the division of the

body into three regions, though not very well defined, would seem to

bring this form nearer to Chaetopterus than to Spio. The absence of

the peculiar seta from the anterior segments has a parallel among the

Spionidae.

Ethocles typicus, n. ftp.

(Pl. VI, Figs. 77-85.)

The head is convex above and at the sides ; apex bluntly rounded

;

length is little more than the width ; no appendages ; no eyes.

The buccal segment is a little shorter than the second segment ; it

carries a pair of long, canaliculated, spio-like tentacles ; these are proba-

bly very long, but on all four specimens were broken. This segment is

plainly set off from the head below by a deeply impressed line. The

mouth is longitudinal, sides rounded, fleshy, united behind, free in front.

When the mouth is closed it appears simply as a longitudinal white

line, running to meet a similar transverse white line. This last is the

line of division between the head and the buccal segment.

The second and all following segments have elongated, densely cili-

ated, dorsal branchiae, or dorsal rami (figs. 77-83), each containing a

delicate seta, which falls short of the apex. On the first seven setiger-

ous segments, between the branchiae and the ventral setigerous lobe, is

a cirrus, or lingula, about one-half as long as the branchiae. On the
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first three segments this cirrus is close to the ventral ramus (fig. 77),

but recedes gradually till on the segments 4-7 it is about half-way be-

tween this ramus and the branchia (fig. 80).

Tbe ventral ramus on segments 1-3 is a fleshy, lateral plate, some-

what quadrangular, and with a small conical lobe projecting from its

lower margin (fig. 77). On the fourth segment (fig. 78), in place of

this single lobe, there is a second plate not so thick as the setigerous

plate, but not membranous, with its outer margin divided into 4-G

stout conical processes. Segments 5 and (5 have the setigerous lobe

much smaller (fig. 79), while a membranous, elevated plate, starting

from about the middle of this lobe, runs downward, encroaching on the

ventral surface. This membrane has its outer margin convex and mi-

nutely digitate, or beset with numerous minute cylindrical papillae On
the seventh segment this membrane is longer,entirely replaces the setig-

erous lobe, aud its margin (fig. SO) is divided into conical lobes similar

to those on the fourth segment, but larger and irregular. On these

seven segments the setaj arc practically all of one kind (fig. 84), wide

at base, regularly and rapidly tapering, flattened. They are very numer-

ous and in several series on segments 1-4; less numerous on segments

5-7.

Segments 8-12, formiug the middle region of the body, have their ven-

tral rami elongated, conical (figs. 81,82), carrying a few very long, delicate

seta? (fig. 85). On the eighth segment a membrane starting from the

middle of the ramus runs down the side of the body (fig. 81) ; the outer

margin of this membrane is finely denticulated. A similar membrane
exists on segments 9-12, but it is longer, arising nearer the apex of the

ramus, and encroaching on the ventral surface (fig. 82). On the eleventh

segment the denticulations are larger than on the others, approaching

in form and size those found on the fourth and seventh segments.

The segments of the posterior third of the body are numerous. The
ventral rami on these segments are rather cylindrical than conical

(fig. 83), and they lack the lateral membrane, but are furnished with a

variable number of conical papilla'. The setae are like those of the mid-

dle region.

Back of the seventh segment the branchiae become somewhat elon-

gated and delicate ; they are found on all except a few of the posterior

segments, where, however, all the appendages become much smaller,

or even disappear.

Only two of our specimens had the extreme posterior segments;

only one the anal cirri. Anal segment obliquely truncated, at a small

angle; anal opening situated dorsally, on the truncated surface. Anal

cirri two, delicate, filiform, lateroventral, as long as the last six seg-

ments.

Our specimens were for the most part badly broken, and have not

kept well in alcohol. It seems probable that they live in tubes, but we
always found them free.
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The body is flattened both above and below in front, slightly eonvex

farther back, tapering- slightly along the posterior half. General color

white or yellowish-white; tenacles white; setae yellow, or yellowish-

brown.

Length probably about 8-12""".

Width, 1.5-2""".

Common, 8-10 fathoms, mud.

Family SPIONIDJE.

SCOLECOLEPIS Blainville.

Scolecolepis cirrata Malmgren.

Nerine cirraia Saks. Bidrag til Kundskaben oui Norges Annelider, p. 15. 1861.

Scolcco1q>is cirraia Malmgren. Annulata PolyoliaBta, p. 91, pi. 9, fig. 54. 1S07.

Only one specimen was obtained, an anterior, badly mutilated part.

SPIONIDES, n. g.

Much like Scolecolepis, but distinguished from it by the possession

of lateral pouches between the ventral rami, beginning near the ante-

rior end, and continued to the posterior third.

This form is very closely related to Scolecolepis cirrata Malmgren.
We have no good specimens of that species for comparison. It seems

certain, however, that the peculiarity mentioned above could not have

escaped observation.

The material for description is not very good, as we only found three

specimens, all more or less injured.

Spionides cirratus, n. sp.

(Pl. VI, Figs. 8G-89.)

Head wide in front, narrow behind, continued backward as a carina

on three segments. Two pairs of eyes, minute, lateral, pink ; one pair

on the middle line of the head; the second pair, posterior. A minute

antenna or occipital tentacle, posterior. Buccal segment visible from

above only at the sides of the head; tentacles white, not very long,

deeply canaliculated, margins of the canal scolloped.

The branchiae begin on the third setigerous segment, 13 pairs.

The anterior feet have the form shown in fig. 86, behind the bran-

chiae, as in fig. 87.

After the first few segments the membranous pouches appear be-

tween the ventral rami. They are formed by a delicate membrane with

free upper margin, which curves outward between the ventral rami,

and is prolonged down the sides of the body below the rami, forming a

series of deep pouches with crescentic opening above. The membrane

is continuous, but is attached to the body above each ventral ramus,
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aud seems to be prolonged inward, as a low ridge, to the outer base of

the dorsal rami.

There are four pairs of anal cirri, of which three pairs are lateral,

delicate, as long as five or six of tbe last segments; one pair latero-

ventral, stout, one-half as long as the lateral cirri.

Body widest in front, tapering gradually but uniformly.

Body white or colorless, lateral membrane white, branchiae with red

center.

Length of largest specimen, 25mm ; width of largest specimen, 0.8'"'".

Bare ; sandy bottom, G-8 fathoms.

SPIO (Fabricius) (Ersted.

Spio filicornis Fabricius.

Nereis filicornis Fabbicitjs. Fauna Gronl., p. 307. 1780.

Spio filicornis Fabricius. Schr. Nattirf. Freunde Berlin, vi, p. 284, pi. v, figs. 8-12

(teste Malmgren).

Spio filicornis Malmgren. AnnulataPolych., p. 91, pi. i, fig. 1. 1867.

A form common atEastport seems certainly to agree with the species

regarded by Malmgren as identical with the 8. filicornis of Fabricius.

The specimens show considerable diversity of coloring. Young forms

have the body colorless, with two brown spots on each segment, aud

numerous flake-white markings, also two brown spots, anterior and pos-

terior, at the base of each dorsal ramus; tentacular cirri colorless, with

a few brown rings, and numerous specks and irregular lines of flake-

white. Other young forms had these cirri very dark brown, almost

black throughout ; or, again, the cirri may be brown above, colorless

below, without transverse bands.

Some larger specimens, not full-grown, were entirely without mark-

ings. Adult forms were light green ; tentacular cirri green, with bands

of white and chestnut ; or, tentacular cirri colorless above, green be-

low, with brown bands. Others had umber-brown tentacular cirri, and

on each segment two brown spots, one in front of, the other above

(within) each dorsal ramus.

Branchiae green or brown with red center ; sometimes with flake-

white spots. Common; sand and gravel; low water to 10 fathoms.

Spio Bathbuni Webster & Benedict.

Annelida Cb;etopoda of Provincetown,

Common in sand and sandy mud, at low water.

STBEBLOSPIO Webster.

Streblospio Benedicti Webster.

Annelida Chretopoda of New Jersey, p. 20, pi. v, figs. 48-r>0. Also, Annelida Chrcto-

poda of Provincetown. (Webster and Benedict.)

One specimen was found with eggs. They are dorsal, lateral, two to

each segment. They are covered by a membrane, which is continued
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across the dorsum, forming a low ridge between the eggs on opposite

sides of the same segment. On this specimen they appeared first at

about the middle of the body.

Half-tide, soft mud. Found only at " Clam Cove," in Saint Andrew's

Bay.
PRIONOSPIO Malmgren,

Prionospio Steenstrtjpi Malmgren.

Malmgren. Annulat. Polych., p. 93, pi. ix, fig. 55. 1867.

The tentacles are long, delicate, similar to those described for Prio-

nospio plumosa by Sars.

The head rests on the buccal segment; the sides of this segment, back

of its rami, curve inward, so as almost to cut it off from the second seg-

ment. The buccal segment has both dorsal and ventral rami. Eyes,

four, black, circular; anterior pair farther apart than the posterior. The
branchiae do not arise from the first segment, but are found on seg-

ments 2-5.

General color, greenish ; branchiae, red. Not common ; sand and

shells, 10-15 fathoms.
POLYDORA Bosc.

POLYDORA CILIATA A. AgctSSiz.

Annals Lye. Nat. Hist., vol. viii, p. 323, figs. 26-38. 1866.

It does not seem probable that the species described by Agassiz is

identical with Leucodore ciliatus Johnston, which species again is not

the same as Leucodora ciliata Keferstein. We understand Professor

Verrill to concur in this view, and as our material is not in good condi-

tion, prefer to leave the whole subject with him.

POLYDORA gracilis Verrill.

Proceedings U. S. National Museum, p. 174. 1879.

Our specimens were found under the same conditions as those indi-

cated by Professor Verrill, and, for the most part, agree with his descrip-

tion. He states, however, that on the sixth and following segments

there are, with the capillary setae, three or four uncini in the dorsal

fascicles. This is not the case with our specimens. Sometimes the

head is slightly bilobed in front, but this is not always the case. An
elevated carina extends back to the fourth segment. The number of

eyes is variable ; there may be none, or one, two, three, or four.

On shells of Pecten tenuicostatus, 10-35 fathoms.

DIPOLYDORA Verrill.

DlPOLYDORA conchartjm Verrill.

Pohjdora concharum Verrill. Proc. U. S. National Museum, p. 174. 1679.

Dipolydora concharum Verrill. Trans. Conn. Acad., p. 320, foot-note. 1881.

Not common ; 20-30 fathoms, on shells.

S. Mis. 70 47
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Family AB1CIIDM.

SOOLOPLOS (Blnv.) (Ersted.

SCOLOPLOS ARMIGER (Blnv.) (Erstid.

Scoloplos armiger Blainville. Diet. Sc. Nat., Torn. 57 (teste Malmgren).

Aricia Miilleri Rathke. Beitriige zur Fauna Norwegens. p. 176, pi. viii, figs. 9-15.

1840.

Scoloplos armiger GSrsted. Ann. Dan. Comp., p. 37, figs. 8, 106, 107, 109. 1843.

Scoloplos armiger Malmgren. Ann. Polych., p. 72. 1867.

Anthostoma acutum Vekrill. Invert. An. of Vin. Sound, p. 599. 1874.

There seems to be no doubt as to the identity of the forms referred

to above. No one except Professor Verrill has seen the divided or lobed

proboscis, which led him to refer this species to Anthostoma. But this

is not strange, as the proboscis is rarely extended, and one may exam-

ine many individuals without once seeing one in that condition. OEer-

sted makes the branchiae begin on the fifteenth segment, but the anterior

branchiae are very small, and readily escape observation. Malmgren

identifies this species with Aricia Miilleri Eathke. The figures of

Eathke show the small anterior branchiae. GSrsted also says there are

no anal cirri ; these, however, fall off readily.

Common in sand at low water.

NAIDONEBEIS Blainville {teste Malmgren).

Naidonereis quadricuspida Malmgren.

(Pl. VI, Figs. 90-92.)

Kais quadricuspida Fabricius. Fauna Gronl., p. 315. 1780.

Nainereis quadricuspida Blainville. Diet. Sc. Nat., Tom. 57, p. 440 (/es/e Malmgren ;.

Scoloplos quadricuspida (Ersted. Gronl. Ann. Dors., p. 48, figs. 106-111. 1843.

Aricia quadricuspida Leuckart. Arch. Naturg., vol. s, p. 198, pl. 3, fig. 11 (teste Malm-

gren).

Naidoneris quadricuspida Malmgren. Annulata Polycli., p. 73. 1867.

This species has a pair of minute black eyes, hard to find even on fresh

specimens, and not to be found on alcoholic forms. The first two seg-

ments are without appendages of any kind. The branchiae appear on

the fifth setigerous segment, nearly full size from the first ; on a few of

the posterior segments they fall off a little in size.

The dorsal setae are long, delicate, transversely striated; at the lower

part of each dorsal bundle are one or two shorter and stouter setae, with

bifurcate extremity (fig. 90). The ventral setae on the anterior seg-

ments are in three or four series, and of two kinds. The anterior are

short, stout spines (fig. 91); those of the posterior series similar to the

dorsal setae. From about the eighth setigerous segment the spines de-

crease in number, and disappear at the fifteenth. Each ventral ramus

has three aciculae (fig. 92).

Back of each ventral bundle of setae, on the first twelve segments, ia
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a stout fleshy plate, from the middle of the concave outer margin of

which arises a stout conical cirrus. The dorsal aud veutral rami are

distinct and remote from each other on the first twelve segments, but

behind this segment they both arise from a low, rounded, fleshy lip,

having a shallow depression between the rami. This plate is continued

to the base of the branchiae, and crosses the dorsum as a low, rounded
ridge. Below the ventral ramus it widens, and forms low, rounded
lobes, so wide near the ramus that they are separated from each other

only by the lines of segmentation; passing downward they become
narrower.

Each segment is distinctly triauulate. The anal segment ends in four

flattened lobes, bluntly rounded behind—one dorsal, one ventral, two
lateral ; from each of these lobes arises an anal cirrus, rather stout,

slightly tapering, as long as the last five segments.

Common at half-tide, under stones
;
gregarious.

ARICIDEA Webster.

Aricidea quadeilobata n. sp.

(Pl. VII, Figs. 93-96.)

Iu this species the head (fig. 93) is constricted a little behind the

middle, broadly rounded in front
;
posterior part convex; anterior part

sloping, so as to be much thinner in front than behind.

The antenna is delicate, almost filiform, reaching back to the sixth

setigerous segment. A pair of minute red eyes, about half way between
the origin of the antenna and the sides of the head.

The buccal segment is short, without rami; it carries four oval eleva-

tions, arranged in a series, about equally distant from each other.

The next three segments carry both dorsal and ventral cirri, conical

and slightly fusiform, the ventral somewhat larger than the dorsal.

The brauchiaB begin on the fourth setigerous segment ; there are nine

pairs. They are broad at base (fig. 94), do not taper much along their

inner two-thirds, then suddenly become pointed. They are usually ap-

plied closely to the body, aud would overlap, but the pointed ends turn

suddenly backward.

The dorsal cirri, on the branchiated segments, are more delicate than

on the anterior segments, and slightly swollen externally, near their

origin
; back of the branchiated segments these cirri become very deli-

cate, filiform (figs. 95, 96), and, on the posterior segments, their length

surpasses the width of the body.

The dorsal setae are all simple, capillary ; they increase in length

with the dorsal cirri, so that even on the posterior segments some of

these setae project beyond the cirri. The ventral setae are shorter than

the dorsal; arranged in a close-set fan ; on the posterior segments a few

of these setae have a sigmoid flexure near the end.
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Along the branchiatecl segments the body is slightly convex dorsally

and laterally ; flat below ; farther back somewhat convex both above

aud below, but never round.

The anal segment is obliquely truncated from above downward, and
carries three delicate anal cirri—one medio-ventral, two latero-ventral.

The width of the anterior half of the body is nearly uniform ; along

the posterior half it tapers slightly, so that the posterior segments are

about one-half as wide as the anterior.

Behind the branchiae in many specimens the body was filled with large

irregularly polygonal eggs, clear white, with distinct nucleus. General

color some shade of green, usually light green; branchiae green, with

red center ; setae gleaming white.

Length, 5-6 mm .

Width, 0.4-0.5 mm .

Common in mud and sandy mud ; 31-2 fathoms.

Aricidea Nolani,* n. sp.

(Pl. VIII, Figs. 97, 98.)

With the last form we also found another species of this genus. The
head (fig. 97) is a little longer than its greatest width, bluntly rounded

in front, but with the apex not so wide as in the preceding species; an-

tenna short, stout, conical or fusiform ; eyes situated as iu the last spe-

cies, but larger.

Branchiae begin on the fourth setigerous segment, 13-20 pairs, over-

lapping along the middle line (fig. 98). Dorsal cirri, on segments an-

terior to the branchiae, short, conical; on branchiated segments, much
louger, swollen near the base; behind the branchiae, delicate, conical,

increasing in length, and becoming filiform on the posterior segments.

There are no ventral cirri. The setae are much as in the preceding

species, but on a number of the posterior ventral rami the upper setae

are much elougated.

The body in front is somewhat quadrangular, being flat, or even

slightly concave above, a trifle convex below ; behind the branchiae,

pretty evenly rounded.

Anal segment aud cirri as in last species. The head and body con-

tained numerous oval, gleaming, green granules.

The only sexual form taken was a female, having four eggs in each

segment back of the branchiae, two on each side. These were large,

spherical, completely occupying the lateral field, not in contact, white.

General color green, usually dark, with scattered spots of reddish-

brown on the head and anterior segments.

Length, 7mm -

Width, 3mm -

*After Mr. Nolan, of New York City, a gentleman who was of great service to us in

collecting.
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Specimen of the length just given had but thirteen pairs of branchiae;

a siDgle larger specimen had twenty pairs; its color was reddish-brown

in front, passing into brown farther back, ventral surface white.

Common in mud and sandy mud ; 6-12 fathoms.

Family OIRRATULIMi.

CIBBATULUS Lanarck.

Cirratulus CIRRATUS Malmgren.

Malmgken. Anuulata Polych., p. 95. 1867.

Rare ; low water ; sand.

DODECACERIA (Ersted.

DODECACERIA CONCHARUM (Ersted.

(Ersted. Ann. Dan. Consp., p. 44, fig. 99. 1843.

Verrill. Proc. U. S. National Museum, p. 178. 1879.

The arrangement of setae was not exactly the same, on our specimens,

as that given by Professor Verrill.

Rare ; 25-30 fathoms.

CH^TOZONE Malmgren.

We found many specimens of a form which seems certainly to be

Chcvtozone setosa Malmgren, but which differ from his specimens in

having a pair of tentacular cirri, and also in having, normally, dorsal

cirri on all segments, or at least scattered along the entire length of the

body.
Oh^htozone setosa Malmgren.

The head is acute, conical; first three segments without appendages;

fourth segment with a pair of long, stout, canaliculated, tentacular cirri.

The dorsal cirri are not limited to the anterior segments, but may exist

on any segment, though they readily fall off, especially along the pos-

terior two-thirds. The cirri of the fifth and sixth segments are often

longer and larger than the others, but have the same structure. The
anal segment terminates in a thin, horizontal, semicircular plate.

Anterior fourth of the body yellowish-white
;
posterior three-fourths

dark purple; or the entire body may be colorless.

Common on sandy and shelly bottoms; 6-12 fathoms.

THARYX, n. g.

Head and first two segments without appendages. One pair of ten-

tacular cirri ; next segment with dorsal cirri, but without setse ; all other

segments (normally) with dorsal cirri; setae capillary.
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This genus with the preceding one, to which it is closely related,

seem to form a group by themselves in the family, distinguished by
having a single pair of tentacular cirri, and by the existence of dorsal

cirri along the entire body.

Tharyx acutus, n. sp.

(Pl. VII, Figs. 99-103.)

Head long, conical; no eyes; no appendages of any kind (fig. 99).

First two (three
1

?) segments without appendages. Tentacular cirri very

large, very long, deeply and widely canaliculated, margins of the canal

deeply scalloped. Next segment very short, with dorsal cirri, but with-

out setae.

On the anterior segments (fig. 100) the dorsal setae are about one-half

as long as the width of the body; on the middle third they are very

much elongated (fig. 101), growing shorter again along the posterior

third (figs. 102, 103). The ventral setae have throughout about the

length of the anterior dorsal setae.

The anterior (20-30) segments are very short ; farther back they gain

gradually until the length of each segment is about equal to one-half

its width.

The form of the body is shown in figs. 100-103.

Body brown, yellow, or yellowish white; numerous umber-brown

specks on the body and cirri ; tentacular cirri white, specked with um-

ber-brown.

Length, 12-15mm .

Diameter, 0.5-0.7mm .

Common ; sand and sandy mud ;
6-12 fathoms.

Tharyx similis, n. sp.

(Pl. VII, Fig. 104.)

We found a few specimens of a second species of this genus similar to

the first, but differing from it in some particulars. Head and first four

segments as in the last species, except that the head is a little shorter

and larger at base ; tentacular cirri also shorter and stouter. Dorsal

setae longest and most numerous on the anterior segments. Ventral setae

on anterior segments (6-8) similar to the dorsal ; then from 2-4 setae

shorter, stouter, slightly curved at the end, are introduced, alternating

with the straight capillary setae.

These setae are arranged, not very close to each other, so as to form

a single series running down the side of the body. Anterior segments

short; posterior segment longer, and with the lines of segmentation so

deep and well defined as to give to the posterior two- thirds of the body

a moniliform appearance.

Body and tentacular cirri green, with numerous dark-brown spots

;

dorsal cirri, colorless.
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Length, 7-10mm .

Diameter in front, 0.6-0.7mm .

Diameter posterior end, 0.2-0.21mm .

Not common; 20 tathoms; rocks and shells.

COSSURA, n. q.

Head and first two segments without appendages (fig. 105). Fourth
segment with single median cirrus; no lateral cirri (branchiae). Capil-

lary setae, dorsal and ventral from the third segment. Anal segment,

with three anal cirri.

COSSURA LONGOCIRRATA, n. sp.

(Pl. VIII, Figs. 105-107.)

Head conical (fig. 105) ; first segment a little shorter than the second

;

second as long as the third. The median cirrus of the fourth segment
is very long, reaching back to the twenty-fifth segment. It increases

regularly in diameter along the first fourth of its length, then tapers

very gradually to the end. Along the anterior part of this cirrus well-

defined and regular constrictions exist; these also occur along the en-

tire cirrus, but irregularly.

The bundles of dorsal and ventral setae are close to each other, form-

ing a nearly continuous series ; the setae are short in front (fig. 105), on

the middle segments nearly as long as the width of the body, while on

the posterior segments the3r again shorten somewhat.

In living specimens the lines of segmentation are very faint along the

anterior third ; farther back very deep, giving to the body a moniliform

appearance ; on the extreme posterior segments not so well defined.

Only one specimen with anal segment and cirri was taken, and in

this the anal segment was somewhat injured. It appeared to be trun-

cated from above downward ; it bears three delicate anal cirri, as long

as the last 8-10 segments.

Length, 6mm .

Diameter, 0.6-0.8mm .

Number of segments, 50-70.

Mud and sandy mud ; 6-12 fathoms.

LEDON, n. g.

We found two specimens, both somewhat injured, which seemed to

represent a new genus, allied to Acrocirrus and Macrochceta, but not

agreeing perfectly with either. It differs from Macrochceta Grube, as

described and figured by Langerhans, in having cirri (? branchiae) on

the buccal segment ; and from Acrocirrus in having (apparently) but

one pair of appendages on the buccal segment, instead of two ; and (cer-
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tainly) in having two pairs of appendages on the second segment. For
the present the generic diagnosis will stand as follows

:

Head with antennas projecting from the anterior margin ; branchiae

beginning on the buccal segment, limited to the anterior segments

;

second segment with a pair of short cirri in addition to the branchiae

;

ventral setae compound, found first on the third segment ; dorsal setae

capillary, appearing first on the fourth segment.

Ledon sexoculata, n. sp.

(Pl. VIII, Figs. 108, 109.)

Head pentagonal, posterior margin straight, width slightly greater

than the length ; attennae flattened, fusiform, wide, as long as the head,

distant from each other at origin by about their own width.

Eyes six, circular, lateral, situated at the angles of a hexagon, mid-

dle pair largest.

Segments 1 to 5 or 6 each, with a pair of branchiae three to four

times as long as the width of. the body, club-shaped, stout.

Second segment with a pair of cylindrical cirri, about one-eighth as

long as the branchiae and placed beneath them.

The ventral setae appear on the third segment. They are compound
(fig. 108), hooked near the end, and with a straight delicate spine orig-

inating a little below the terminal hook and projecting beyond it. On
a few of the anterior segments there are two of these setae in each ven-

tral ramus ; farther back, only one.

Beginning with the fourth segment, there is a single, long, capillary

seta in each dorsal ramus (fig. 109).

The anterior part of the body is densely covered with minute cylin-

drical papillae. Body cylindrical ; anterior segments short, gaining in

length until their length and width are about equal.

Anal segment truncated, margin thickened ; on the ventral surface

two small rounded projections.

Body covered with dirt
;
general color light green.

Length, 6-8 rom
.

Width, 0.4-0.5mm .

Rare; sand and shells; 8-12 fathoms.

Family CAPITELLID^

CAPITELLA Blainville.

Capitella capitata van Beneden.

Lumbr'wus capitatus Fabricius. Fauna Gronl., p. 279. 1780.

Capitella capitata van Beneden. Bull. Acad, de Belg., 2d series, vol. 3, p. 13?, with
2 plates {teste Quatrefga. ).

While the specimens taken at Eastport seem certainly to belong to

this species, both the young and the adults have two minute black

eyes.
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As observed by Claparede the uncini exist 011 young forms in advance

of their position on the adult. On one specimen the capillary setre

changed to uncini on the fourth setigerous segment.

Not common. Mud, any depth to 40 fathoms.

We obtained sufficient material to indicate the existence of another

species of Capitella at Eastport, but not sufficient to admit of descrip-

tion

NOTOMASTUS Sara.

NOTOMASTTJS CAPILLARIS Verrill

Avcistria capillaris Verrill. Proc. American Association for the Advancement of

Science, p. 385. 1874.

Notomastus capillaris Verrill. Proc. U. S. National Museum, p. 181. 1879.

Single specimen. Station not noted.

Family MALDANID^E.

EHODINE Malmgren.
t

Ehodine Loveni Malmgren.

Malmgren. Nord. Hafs-Ann.,p. 189. 1865. Ann. Polych., p. 99., pl.x, fig. 61. 1867.

We found no entire specimen. One specimen had twenty-four seg-

ments ;
from the seventeenth each had the peculiar membranous mar-

gin described by Malmgren ; it is irregularly denticulated.

Body colorless to brownish red.

Sand and sandy mud ; 8 to 12 fathoms.

NICOMACHE Malmgren.

NlCOMACHE LUMBRICALIS Mgrtl.

Sabella lumbricalis O. Fabricius. Fauna Gronl, p. 374. 1780.

Nicomache lumbricalis Malmgren. NorcliskaHafs-Ann.,p. 190. 1865. Ann. Polych.,

p. 99, pi. x, fig. 60. 1867.

Only one specimen taken. Eocks ; 20 fathoms.

PEAXILLELLA Verrill.

Praxillella zonalis Verrill.

Praxilla zonaZia Verrill. American Journal of Science, vol. vii, p. 505, pi. vi, fig. 2.

1874. Proc. A. A. A. S., p. 384, pi. 5, fig. 4. 1874.

Praxillella zonalis Verrill. Trans. Connecticut Acad., vol. iv, part 2, p. 298. 1881.

Our specimens agree well with Professor Verrill's description. Add,

that the anterior margin of the fourth sitigerous segment is thickened,

rounded, forming a collar which receives the preceding segment; also,

that the diameter falls off rapidly to the fourth setigerous segment, so
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that the posterior end of the third setigerous segment is not more than

half as wide as the fourth.

^STot common. Station not noted.

Praxillella prcetermissa Verrill.

Praxilla prcetermissa Malmgren. Nord. Hafs.-Ann., p. 191. 1865. Ann. Polych.,

p. 100, pi. xi, fig. 62. 1867.

Praxillella prcetermissa Verrill. Loc. cit., p. 298. 1881.

Many of our specimens are young and do not have as many uncini

on the anterior segments as indicated by Malmgren for this species.

The adults are banded very much as in Praxillella zonalis Verrill,
and the anal segment has the same structure as in that species.

Common. Mud ; 8 to 40 fathoms.

CLYMENELLA Verrill.

Glymenella torquata Verrill.

Verrill. Invert. Animals of Vin. Sound, p. 608, pi. xiv, figs. 71-73. 1874.

Very common at low water ; sand and sandy mud.

Family AMMOCHARID^.

OWENIA Belle Ghiaje.

Owenia assimilis {Sars).

Ammocliare8 assimilis Sars. Nyt. Mag. vi, p. 201 (teste Malmgren).

Ammochares assimilis Malmgren. Adu. Polych., p. 101, pi. xi, fig. 65. 1867.

Not common ; 25-30 fathoms ; sandy mud.

Specimens indicating a second species of this genus were obtained;

but their condition does not admit of description.

MYRIOCHELE Malmgren.

In the same year (1867) Malmgren described a new genus of this

family under the name Myriochele and Grube {Novara-Expedition, An-

neleden), the same genus, and probably the same species, giving to it

the name Psammocollus (amtralis). We do not know which name is

entitled to priority.

Myriochele Heeri Malmgren.

Malmgren. Ann. Polych., p. 211, pi. viii, fig. 37. 1867.

Near the posterior lateral margin on either side of the head a circu-

lar collection of reddish-brown pigment specks, which seem to be eye-

spots. Head and body with numerous minute reddish-brown specks;

otherwise colorless. Intestine showing through : brown or yellowish

brown.

Not uncommon ; 6-12 fathoms ; sand and sandy mud.
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Family AMPHICTENID.E.

CISTENTDES Malmgren.

Cistenides geantjlata Malmgren.

Sabella granulata Linn. Syst. Nat., xii, p. 1268 {teste Malmgren).

Pectinaria Gronlandica Grube. Familien tier Anneleden, pp. 82, 138. 1851.

Pectinaria Gronlandica Stimpson. Grand Mauan, p. 30. 1854.

Cistenides granulata Malmgren. Nord. Hafs-Aiin., p. 359. 1865.

Not uncommon ;
15-30 fathoms ; rocks and shells.

Family AMPHARETID^.

AMPHAEETE Malmgren.

Amphaeete cieeata, n. sp.

(Pl. VIII, Figs. 110-112.)

Very similar to Ampharete Grubel Malmgren.

Branchiae as long as the width of the body, or a little longer.

From the 9th setigerous segment each uncigerous lobe bears a coni-

cal cirrus. This cirrus, small at first, and arising from the superior

margin of the lobe, rapidly elongates, and recedes to the base of the

lobe (figs. 110-112).

Uncigerous lobes quite large on the posterior half of the body.

Anal segment about as long as the two preceding segments taken

together. Number of anal cirri, fourteen; conical, as long as the anal

segment.

General color, light green. Branchiae light green, lower surface

banded with white, center dark green.

Length of largest specimen, 24ram
.

Width in front, with feet, 4mra
.

Length of branchiae, 4mm .

Sand ; 6-12 fathoms.

Amphaeete teilobata, n. sp.

Anterior margin of head divided into three lobes, of which the median

projects slightly beyond the lateral. Two minute black eyes, lateral, on

the middle line.

Branchiae delicate, wrinkled, tapering very gradually, pointed, in

length two or three times the width of the body.

Cirri short, stout, flat, not tapering.

Uncigerous lobes large, quadrangular, projecting.

Posterior part of body composed of twelve uncigerous segments and

the anal segment.
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The anal segment very short ; the last uncigerous lobe, when flattened

down, projecting beyond it.

Anal cirri 10 ; of these 8 are conical, as long as the last two segments;

2 lateral, cylindrical, half as long as the others, much stouter, arising

from stout swollen bases.

The posterior half of the body tapers rapidly.

Body colorless; internal organs showing through, giving a green

tinge, especially along the anterior half. Branchiae colorless, with

green center.

Length of largest specimen, 10mm .

Width in front, with feet, 2 rara
.

Sand and shells ; 6-12 fathoms.

SABELLIDES (M. Edw.) Malmgren.

Sabellides octootrrata Sars.

Sars. Fauna Littoralis Norvegiic, vol. ii, pp. 21, 23. 1856.

Malmgren. Nord. Hafs-Ann., p. 369, pi. xxv, fig. 74. 1865.

Not uncommon ; sand and sandy mud ; 6-35 fathoms.

MELINNA Malmgren.

Melinna cristata Malmgren.

SdbeUide8 cristata Sars. Fauna Littor. Norvg., vol. ii, pp. 19, 24, pi. 2, fig. 1-7.

1856.

Melinna cristata Maxmgren. Nord. Hafs-Ann., p. 371, pi. xx, fig. 50. 1865.

Bare ; sandy mud ;
5-12 fathoms.

Family TEREBELLID^E.

AMPHITBITE Mutter.

Amphitrite brunnea Verrill.

Terebella brunnea Stimpson. Grand Manan, p. 31, 1854.

Amphitrite Johnstoni Malmgren. Nord. Hafs-Ann., p. 377, pi. xxi, fig. 51. 1865.

Amphitrite brunnea Verrill. Check List. 1879.

There may be 24 or 25 segments, with capillary setae. The color is

usually dark brownish-red, but a few were dark brown, without any

tinge of red.

Common on mud -flats, at low water.

Amphitrite cirrata Mutter.

Amphitrite cirrata Muller. Prodr. Zool. Dan. n, 2617 (teste Malmgren).

Amphitrite cirrata Malmgren. Nord. Hafs-Ann., p. 375, pi. xxi, fig. 53. 1865.

The tube of this species is made of fine dirt, curved, open at both

ends, which project from the surface.

Not common ; sandy mud ; low water.



[43] ANNELIDA CH^TOPODA. 749

NICOLEA Malmgren.

Nicolea zostericola Malmgren.

Malmgren. Nord. Hofs-Ann.
, p. 381, pi. xxvi, fig. 76. 1865.

Only two specimens were taken. Sandy bottom.

SCIONE Malmgren.

Scione lobata Malmgren.

Malmgrem. Nord. Hafs-Ann. , p. 383, pi. xxiii, fig. 62. 1865.

Body dark red. Branchiae greenish -yellow. Buccal segment dirty

white, with narrow dorsal dark green band. Tentacles white, margins

of canal of tentacles light brown.

Two specimens ; 20 fathoms ; rocks and shells.

THELEPUS (Leuckart) Malmgren.

Thelepus cincinnatus Malmgren.

Lumora flata Stimpson. Grand Manan, p. 30. 1854.

Thelepus cincinnatus Malmgren. Nord. Hafs-Ann., p. 387, pi. xxii, fig. 58. 1865.

Thelepus cincinnatus Verrill. Check List. 1879.

Very common from half tide to any depth j wherever there are stones,

shells, &c, to which its tubes can be attached.

EREUTHO Malmgren.

Ereutho Smitti Malmgren.

Malmgren. Nord. Hafs-Ann., p. 391, pi. xxiii, fig. 63. 1865.

Bare ; sand and mud ; 6 to 12 fathoms.

POLYCIRRUS Grube.

Polycirrus ? phosphoreus Verrill.

Verrill. Proc. U. S. National Museum, p. 181. 1879.

We found only one species of Polycirrus. It seems probable that it

ought to be included in Verrill 's species. However, it was not espe-

cially phosphorescent, and the number of segments bearing capillary

seta3 varied from 21-34.

Very common from low water to 30 fathoms; mud and sandy mud.

ABTACAMA Malmgren.

Artacama proboscidea Malmgren.

Malmgren. Nord. Hafs-Ann., p. 394, pi. xxiii, fig. 60. 1865.

In looking over a collection of Annelids made at Eastport in 1869, we

found a single specimen of this species. None were taken in 1880.
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TRICHOBRANCHUS Malmgren.

Trichobranchus glacialis Malmgren.

Our specimens probably belong to Malingren's species; still they did

not Lave the ocular spots described by him.

Branchiae, in length, three times the width of the body. Anterior

segments dark red; the rest of the body yellowish-white.

Rare; sandy mud, G-12 fathoms.

TEREBELLIDES Sars.

Terebellides Stroemi Sars.

Sars. Beskriv. og Jakttag., p. 48, pi. 13, f. 31 a-d. (teste Malmgren).

Malmgren. Nord. Hat's-Aim., p. 396, pi. xx, fig. 48. 1865.

Very common; sand and mud, 10-30 fathoms.

Family SABELLIDiE

SABELLA (L.) Malmgren.

Sabella spitzbergensis Malmgren.

Malmgren. Nord. Hafs-Auu., p. 399, pi. xxix, fig. 93. 1865.

Not common; low water to 30 fathoms.

POTAMILLA Malmgren.

Potamilla reniformis Malmgren.

PotamiUu reniformis Malmgren. Arm. Polycb.. p. 114, pi. xiii, fig. 77. 1867.

Common on rocky and shelly bottoms.

OTHONIA Johnston.

Othonia Fabricii Johnston.

Fabricia stellaris Blainville. Diet. Sc. Natur., t, 57, p. 439 (teste Malmgren).

Othonia Fabricii Johnston. Catal. British Museum, p. 274. 1865.

Amphicora Fabrica Malmgren. Aun. Polych., p. 117. 1887.

Common; low water to 30 fathoms, mud.

MYXICOLA (Koch) Malmgren.

Myxicola steenstrupi Kroyer.

Kroyer. Om Sabellerne, p. 35. 1856.

Malmgren. Nords. Hafs-Ann, p. 409, pi. xxix, f. 90. 1865.

Rocks, low water to 30 fathoms.
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Family SERPULID^E.

FILIGRANA OJcen.

Filigrana implexa Berkley.

Berkley. Zool. Journ., v,p. 427. Ib32-1834 (iesteMorck).

Common; rocks and shells, 18-30 fathoms.

Several species of Spirorbis were collected aud partially studied, but

in some way they have all disappeared from the collection. The same
is the case with Vermilia serrula Stimpson.



EXPLANATION OF PLATES.

PLATE I.

EULALIA BILINEATA ». Sp.

Fig. 1.—Head and anterior segments, X 35.

2.—Transverse section ; anterior view, X 35.

3.—Middle foot, X 35.

Eteone trilineata n. sp.

Fig. 5.—Head and anterior segments, X 60.

6.—Posterior segments, X 60.

7.—Anterior feet, X 60.

8.—Posterior foot, X 60.

Mystides viridis n. sp.

Fig. 10.—Head and anterior segments (without seta;), X 115,

11.—Transverse section, x 60.

13.—Posterior segments, X 115.

PODARKE ABERRANS n. sp.

Fig. 14.—Foot of adult from below, X 125.

15.—Posterior segments; adult, X 65.

16.—Head and anterior segments
;
young, X 65.

17.—Posterior segments
;
young, X 65.

18.—Transverse section middle
;
young, X 65.

Gyptis vittata /*. sp.

Fig. 21.—Head and anterior segments, X 65.

22.—Transverse section from behind, X 65.

PLATE II.

EULALIA BILINEATA n. SJJ.

Fig. 4.—Seta, X 500.

Fig. 9.—Seta, X 850.

Fig. 12.—Seta, X 850.

Eteone trilineata n. sp.

Mystides viridis n. sp.

PODARKE ABERRANS » Sp.

Fig. 19.—Dorsal seta; young, x 850.

20.—Ventral seta
;
young, X 850.
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Gyptis vittata n. sp.

Fig. 23.—Ventral seta, X 850.

Streptosyllis varians n. sp.

Fig. 24.—Head and anterior segments, X 65.

25.—Anterior foot, X 115.

26.—Middle foot; female, x 115.

27.—Middle foot ; male, x 115.

28.—Seta of anterior segments, X 850.

29.—Seta showing the four terminal points of stem, X 850.

30.—Seta showing ordinary length of appendix, X 850.

31.—Simple seta, X 850.

P^EDOPHYLAX BREVICORNIS n. 8p,

Fig. 40.—Head and anterior segments, X 65.

41.—Transverse section ; middle segment, X 65.

AUTOLYTUS SOLITARIUS W. 8p.

Fig. 51.—Head and tentacular cirri <?, X 20.

PLATE III.

Streptosyllis varians n. sp.

Fig. 32.—Acicula, x 500.

33.—Palpus, from below, X 130.

34 a-h.—Moniliform dorsal cirri, X 130.

Spilerosyllis longicauda n. sp.

Fig. 35.—Head and first two segments, X 130.

36.—Posterior segments, X 130.

37.—Middle segment, transverse section, X 130.

38.—Upper compound seta, X 850.

39.—Lower compound seta, X 850.

PiEDOPHYLAX BREVICORNIS tl. 8p.

Fig. 42.—Lower compound seta, x 850.

43.—Upper compound seta, X 850.

44 and 45.— Simple setae, X 850.

P^DOPHYLAX LONGICIRRIS tl. 8p.

Eig. 46.—Head and anterior segments, X 75.

47.—Transverse section, middle of body, X 75.

48.—Long compound seta, X 850.

49.—Short compound seta, X 850.

50.—Simple seta with terminal hook and spine, X 850.

PLATE IV.

AUTOLYTUS SOLITARIUS n. Sp.

Fig. 52.—Eighth foot dorsal view $, X 75.

53.—Eighth foot ventral view, £ , x 75.

54.—Third foot dorsal view, $ , X 75.

S. Mis. 70 48
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LUMBRINEREIS ACICULARUM tl. 8p.

FlG. 55.—Upper jaw pieces, magnified.

56—Lower jaw pieces, magnified.

57.—Twelfth foot, X 20.

58.—Middle foot, X 20.

59.—Posterior segments, X 20.

Drilonereis magna n. sp.

Fig. 60.—Foot, magnified.

61.—Seta, magnified.

62.—Upper jaw pieces, magnified.

63.—Lower jaw pieces, magnified.

Ephesia minuta n. sp.

FlG. 64.—Anterior foot; dorsal view, X 150.

65.—Middle foot; ventral view, X 150.

06.—Anterior setae, X 500.

PLATE V.

ZORUS SARSI n. g., n. sp.

Fig. 67.—Middle segment; transverse section, X 30.

SlPHONOSTOMUM GRUBEI n. sp.

FlG. 68.—Segment; transverse section, X 30.

69.—Short capillary seta, X 500.

70 and 71.—Compound uncinate seta:, X 500.

Brada granosa Stimpson.

FlG. 72.—Portion of transverse section showing rami and dorsal papillae, X 30.

73.—Dorsal seta ; outer half, X 150.

74 and 75.—Ventral setae ; outer half, X 150.

76.—Head of young specimen, enlarged.

PLATE VI.

Ethocles typicus, n. g.,v. sp.

Fig. 77.—Transverse section one-half, second setigerou3 segment, X 40.

78.—Transverse section one-half, fourth setigerous segment, X 40.

79.—Transverse section one-half, fifth setigerous segment, X 40.

80.—Transverse section one-half, seventh setigerous segment, X 40.

81.—Transverse section one-half, eighth setigerous segment, X 40.

82.—Transverse section one-half, ninth setigerous segment, X 40.

83.—Foot and hranchia, middle segment, X 40.

84.—Setae, anterior, X 250.

85.—Setae, after seventh segment, X 250.

Spionides cirratus n. g., n. sp.

FlG. 86.—Branch iated segment, X 30.

87.—Segment just hack of the branchiated segment from above, X 30.

88.—Posterior segment (smaller specimen), X 120.

89.—Uncini, X 850.
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Naidonereis quadiucuspida Blainv

Fig. 00.—Forked seta from lower part of dorsal ramus, X 400

91.—Seta from anterior segment, lower ramus, X 400.

92.—Aciculse, ventral ramus, X 400.

PLATE VII.

ARICIDEA QUADR1LOBATA n. Sp.

Fig. 93.—Head and anterior segments, X 40.

94.—Branchiated segments, X 40.

95.—Segment just back of branchiated segment, X 40.

96.—Segment from posterior third, X 40.

Aricidea nolani n. sp.

Fig. 97.—Head aud anterior segments, X 70.

98.—Branchiated segment, X 70.

Tharyx acutus n.g.,n. sp.

Fig. 99.—Head and anterior segments, X 70.

100.—Anterior segment, transverse section, X 40.

101.—Middle segment, transverse section, x 40.

102.—Segment from posterior third, X 40

103.—Segment near posterior end, X 40.

Tharyx similis n. sp.

Fig. 104.—Anterior segment, transverse section, X 40.

PLATE VIII.

COSSURA LOXGOCIRRATA tl.g., 11. Sp.

Fig. 105.—Head and anterior segments, with cirrus, X 70.

106.—Segment from anterior third, transverse section, X 70.

107.—Segment from posterior half, X 70.

Ledon sexoculata n. g.,n.sp.

Fig. 108.—Ventral seta;, x 150.

109.—Dorsal seta, x 150.

Ampharete cirrata n. sp.

Fig. 110.—Torus from 10th setigerous segment, seen obliquely from above, X 30.

111.—Torus from 16th setigerous segment, X 30.

112.—Torus from 20th setigerous segment, X 30.

Taphus hebes n. g.,n.sp.

Fig. 113.—Head and anterior segments, X 120.

114.—Head, lower surface showing palpi and peculiar lobes on anterior margin
of first segment, X 120.

115.—(Esophagus and stomach with jaws, X 130.

116.—Ventral ramus, X 75.

117.—Dorsal seta, X 500.

118.—Ventral seta outer end, X 500.





Report U. S. F. C. 1885.—Webster. Annelida chjetopoda. PLATE I.





Report U. S. F. C. 1885.—Webster. Annelida chsetopoda. PLATE II.





Report U. S. P. C. 1885.—"Webster. Annelida cluetopoda. PLATE III.
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Report U. S. F. C. 1885.—"Webster. Annelida chsetopoda. PLATE IV.





Report TJ. S. F. C. 1685.—Webster. Annelida chfetopoda. PLATE V.





Report TJ. S. P. C. 1885.—Webster. Annelida chsetopoda. PLATE VI.





Report U. S. F. C. 1885.—Webster. Annelida chfetopoda. PLATE VII.
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Report TJ. S. F. C. 1885.—Webster. Annelida chsetopocla. PLATE VIII.
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XXIII.—ON THE NOMENCLATURE, ORIGIN, AND DISTRIBUTION
OF DEEP-SEA DEPOSITS.

Bv John Murray and A. Kenard.

[A paper read before the Koyal Society of Edinburgh.]

The sea is unquestionably the most powerful dynamic agent on the

surface of the globe, and its effects are deeply imprinted on the external

crust of our planet ; but among the sedimentary deposits which are

attributed to its action, and among the effects which it has wrought on

the surface features of the earth, the attention of geologists has, till

within quite recent times, been principally directed to the phenomena
which take place in the immediate vicinity of the land. It is incon-

testable that the action of the sea along coast and in shallow water has

played the largest part in the formation and accumulation of those

marine sediments which, so far as we can observe, form the principal

strata of the solid crust of the globe ; and it has been from an attentive

study of the phenomena which take place along the shores of modern

seas that we have been able to reconstruct in some degree the condi-

tions under which the marine deposits of ancient times were laid down.

Attention has been paid only in a very limited degree to deposits of

the same order, and, for the greater part, of the same origin, which differ

from the sands and gravels of the shores and shallow waters only by a

lesser size of the grains, and by the fact that they are laid down at a

greater distance from the laud and in deeper water. And still less

attention has been paid to those true deep-sea deposits which are only

known through systematic submarine investigations. One might well

ask what deposits are now taking place, or have in past ages taken

place, at the bottom of the great oceans at points far removed from

land, and in regions where the erosive and transporting action of water

has little or no influence. Without denying that the action of the tidal

Avaves can, under certain special conditions, exert an erosive and trans-

porting power at great depths in the ocean, especially on submerged

peaks and barriers, it is none the less certain that these are exceptional

cases, and that the action of waves is almost exclusively confined to the

coasts of emerged land. There are in the Pacific immense stretches of

thousands of miles where we do not encounter any land, and in the

Atlantic we have similar conditions. What takes place in these vast

regions where the waves exercise no mechanical action on any solid

[1] 759
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object ? We are about to answer this question by reference to the facts

which an examination of deep-sea sediments has furnished.

A study of the sediments recently collected in the deep sea shows
that their nature and mode of formation, as well as their geographical

and bathymetrical distribution, permit deductions to be made which
have a great and increasing importance from a geological point of view.

In making known the composition of these deposits and their distribu-

tion, the first outlines of a geological map of the bottom of the ocean

will be sketched.

This is not the place to give a detailed history of the various contri-

butions to our knowledge of the terrigenous deposits in deep water near

land, or of those true deep-sea deposits far removed from land, which
may be said to form the special subject of this communication. From
the time of the first expeditions undertaken with a view of ascertaining

the depth of the ocean, small quantities of mud have been collected by
the sounding lead and briefly described. We may recall in this con-

nection the experiments of Eoss and the observations of Hooker and
Maury.

These investigations, made with more or less imperfect appliances,

immediately fixed the attention, without, however, giving sufficient

information on which to establish any general conclusions as to the na-

ture of the deposits or their distribution in the depths of the sea.

When systematic soundings were undertaken with a view of estab-

lishing telegraphic communication between Europe and America, the

attention of many distinguished men was directed to the importance,

in a biological and geological sense, of the specimens of mud brought

up from great depths. The observations of Wallich, Huxley, Agassiz,

Baily, Pourtales, Carpenter, Thomson, and many others, while not neg-

lecting mineralogical and chemical composition, deal with this only in

a subordinate manner. The small quantities of each specimen at their

command, and the limited areas from which they were collected, did

not permit the establishment of any general laws as to their composi-

tion or geographical and bathymetrical distribution. These early re-

searches, however, directed attention to the geological importance of

deep-sea deposits, and prepared the way for the expeditions organized

with the special object of a scientific exploration of the great ocean

basins.

The expedition of the Challenger takes the first rank in these inves-

tigations. During that expedition a large amount of material was col-

lected and brought to England for fuller study under the charge of Mr.

Murray, who has in several preliminary papers pointed out the compo-
sition and varieties of deposits which are now forming over the floor of

the great oceans. In order to arrive at results as general as possible,

it was resolved to investigate the subject from the biological, mineral-

ogical, and chemical points of view, and M. Eenard was associated with

Mr. Murray in the work. In addition to the valuable collections and
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observations made by the Challenger, we have had for examination

material collected by other British ships, such as the Porcupine, Bull-

dog-

, Valorous, Nassau, Swallow, Dove ; and, through Professor Mohn,
by the Norwegian North Atlantic expedition. Again, through the lib-

erality of the United States Coast Survey and Mr. Agassiz, the material

amassed in the splendid series of soundings taken by the American
ships Tnscarora, Blake, and Gettysburg, were placed in our hands.

The results at which we have arrived may therefore be said to have

been derived from a study of all the important available material.

The work connected with the examination and description of these

large collections is not yet completed, but it is sufficiently advanced to

permit some general conclusions to be drawn which appear to be of con-

siderable importance. In addition to descriptions and results, we shall

briefly state the methods we have adopted in the study. All the details

of our research will be given in the report on the deep-sea deposits in

the Challenger series, which will be accompanied by charts indicating

the distribution, plates showing the principal types of deposits as seen

by the microscope, and numerous analyses giving the chemical composi-

tion and its relation to the mineralogical composition. The description

of each sediment will be accompanied by an enumeration of the organ-

isms dredged with the sample, so as to furnish all the biological and
mineralogical information which we possess on deep-sea deposits, and
finally, we shall endeavor to establish general conclusions which can

only be indicated at present.

Before entering on the subject, we believe it right to point out the

difficulties which necessarily accompany such a research as the one now
under consideration, difficulties which arise often in part from the small

quantity of the substance at our disposal, but also from the very nature

of the deposit. Since we have endeavored to determine, with great

exactitude, the composition of the deposit at any given point, we have,

whenever possible, taken the sample collected in the sounding-tube.

That procured by the trawl or dredge, although usually much larger,

is not considered so satisfactory on account of the washing and sorting

to which the deposit has been subjected while being hauled through a

great depth of water. We have, however, always examined carefully

the contents of these instruments, although we do not think the mate-

rial gives such a just idea of the deposit as the sample collected by the

sounding-tube. The material collected by the last-named instrument

has been taken as the basis of our investigations, although the small

quantity often gives to it an inherent difficulty. It was the small quan-

tity of substance collected by the sounding-tube in early expeditious

which prevented the first observers from arriving at any definite re-

sults, but when such small samples are supplemented by occasional

large hauls from the dredge or trawl, they become much more valuable

and indicative of the nature of the deposit as a whole. Not only the

scantiness of the material, but the small size of the grains, which in
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most instances make up deep-sea deposits, render the determinations

difficult. In spite of the improvements recently effected in the micro-

scopical examination of minerals, it is impossible to apply all the opti-

cal resources of the instrument to the determination of the species of ex-

tremely fine, loose, and fractured particles. Again, the examination of

these deposits is rendered difficult by the presence of a large quantity

of amorphous mineral matter, and of shells, skeletons, and minute par-

ticles of organic origin. It is also to be observed that we have not to

deal with pure and unaltered mineral fragments, but with particles upon

which the chemical action of the sea has wrought great changes, and

more or less destroyed their distinctive characters.

What still further complicates these researches is the endeavor to

discover the origin of the heterogeneous materials which make up the

deposits. These have been subjected to the influence of a great number

of agents, of some of which our knowledge is to a great extent still in

its infancy. We must take into account a large number of agents and

processes, such as ocean currents ; the distribution of temperature in

the water at the surface and at the bottom ; the distribution of organ-

isms as dependent on temperature and specific gravity of the water

;

the influence of aerial currents; the carrying power of rivers ; the limit

of transport by waves ; the eruptions of aerial and submarine volcanoes;

the effect of glaciers in transporting mineral particles, and, when melt-

ing, influencing the specific gravity of the water, which in turn affects

the animal and plant life of the surface. It is necessary to study the

chemical reactions which take place in great depths ; in short, to call

to our aid all the assistance which the physical and biological sciences

can furnish. It will thus be understood that the task, like all first at-

tempts in a new field, is one of exceptional difficulty, and demands con-

tinued effort to carry it to a successful issue.

In presenting a short resume of our methods, of the nomenclature we
have adopted, and of the investigation into the origin of the deposit in

the deep sea and deeper parts of the littoral zones, we offer it as a sketch

of our research, prepared to modify the arrangements in any way which

an intelligent criticism may suggest.

Before proceeding to a description of methods and of the varieties of

deposits, with their distribution in modern ocean, we will briefly enum-

erate the materials which our examination has shown to take part in

the formation of these deposits, state the origin of the material, and

the agent concerned in their deposition, distribution, and modification.

Materials.—The materials which unite to form the deposits which

we have to describe may be divided into two groups, viewed in rela-

tion to their origin, viz, mineral and organic.

The mineral particles carried into the ocean have a different form

and size, according to the agents which have been concerned in their

transport. Generally speaking, their size diminishes with distance

from the coast, but here we limit our remarks to the mineralogical
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character of the particles. We find isolated fragments of rocks and
minerals coming from crystalline and schisto-crystalline series, and
from the clastic and sedimentary formations

; according to the nature

of the nearest coasts they belong to granite, diorite, diabase, porphyry,

&c; crystalline schists, ancient limestones, and sedimentary rocks of

all geological ages, with the minerals which come from their disinte-

gration, such as quartz, monoclinic and triclinic feldspars, hornblende,

augite, rhombic pyroxene, olivine, muscovite, biotite, titanic and mag-

netic iron, tourmaline, garnet, epidote, and other secondary minerals.

The trituration and decomposition of these rocks and minerals give rise

to materials more or less amorphous and without distinctive characters,

but the origin of which is indicated by association with the rocks and

minerals just mentioned.

Although the debris of continental land to which we have just re-

ferred plays the most important role iu the immediate vicinity of shores,

yet our researches show beyond doubt that when we pass out towards

the central parts of the great ocean basins, the debris of continental

rocks gradually disappears from the deposits, and its place is taken by
materials derived from modern volcanic rocks, such as basalts, trachytes,

angite-andesites, and vitreous varieties of these lithological families,

for instance, pumice, and loose, incoherent, volcanic particles of recent

eruptions, with their characteristic minerals. All these mineral sub-

stances being usually extremely fine or areolar in structure, are easily

attacked by the sea water at the place where they are deposited. This

chemical action brings about an alteration of the minerals and vitreous

fragments, which soon passes into complete decomposition, and in

special circumstances gives rise to the formation of secondary products.

In some places the bottom of the sea is covered with deposits due to

this chemical action, principal among which is clayey matter, associ-

ated with which there are often concretions composed of manganese

and iron. In other regions the reactions which result in- the formation

of argillaceous matter from volcanic products give rise also to the for-

mation of zeolites.

Among other products arising from chemical action, probably com-

bined with the activity of organic matter, may be mentioned the for-

mation of glauconite and phosphatic nodules, with, in some rare and

doubtful examples, the deposition of silica. The decomposition of the

tissues, shells, and skeletons of organisms adds small quantities of iron,

fluorine, and phosphoric acid to the inorganic constituents of the deep-

sea deposits.

Finally, we must mention extra-terrestrial substances in the form of

cosmic dust.

We now pass to the consideration of the role played by organisms in

the formation of marine deposits. Organisms living at the surface of

the ocean, along the coasts, and at the bottom of the sea are continu-

ally extracting the lime, magnesia, and silica held in solutiou in sea
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"water. . The shells and skeletons of these, after the death of the animals

and plants, accumulate at the bottom and give rise to calcareous and

siliceous deposits. The calcareous deposits are made up of the remains

of coccospheres, rhabdospheres, pelagic and deep-sea Foraminifera, pe-

lagic and deep-sea Mollusks, Corals, Alcyonarians, Polyzoa, Echino-

derms, Annelids, Fish, and other organisms. The siliceous deposits are

formed principally of frustules of Diatoms, skeletons of Eadiolarians,

and spicules of Sponges.

While the minute pelagic and deep-sea organisms above mentioned

play by far the most important part in the formation of deep-sea de-

posits, the influence of vertebrates is recognizable only in a very slight

degree in some special regions by the presence of large numbers of

sharks' teeth and the ear bones and a few other bones of whales. The

otoliths of fish are usually present in the deposits, but, -with the ex-

ception of two vertebrae and a scapula, no other bones of fish have been

detected in the large amount of material we have examined.

Agents.—Having passed in review the various materials which go

to the formation of deposits in the deep water immediately surrounding

the land and in the truly oceanic areas, attention must now be directed

to the agents which are concerned in the transport and distribution of

these, and to the sphere of their action. The relations existing between

the organic and inorganic elements of deposits to which we have just

referred, and the laws which determine their distribution, will be

pointed out at the same time.

The fluids which envelop the solid crust of the globe are incessantly

at work disintegrating the materials of the land, which, becoming-

loose and transportable, are carried away, sometimes by the atmos-

phere, sometimes by water, to lower regions, and are eventually borne

to the ocean in the form of solid particles or as matter in solution. The

atmosphere, when agitated, after having broken up the solid rock,

transports the' particles from the continents, and in some regions car-

ries them far out to sea, where they form an appreciable portion of the

deposit, as, for instance, off the west coast of North Africa and the

southwest coast of Australia. Again, in time of volcanic eruptions,

the dust and scoria which are shot into the air are carried immense dis-

tances by winds and atmospheric currents, and no small portion event-

ually falls into the sea.

Water is, however, the most powerful agent concerned in the forma-

tion and distribution of marine sediments. Running water corrodes

the surface of the land and carries the triturated fragments down into

the ocean. The waters of the ocean, in form of waves and tides, attack

the coast and distribute the debris at a lower level. Independently of

the action of the waves, there exists along most coasts currents, more

or less constant, which have an effect in removing sand, gravel, and

pebbles farther from their origin. Generally, terrestrial matters appear

to be distributed by these means to a distance of one or two hundred
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miles from the coast. Waves and currents probably bave no erosive

or transporting power at depths greater than 200 or 300 fathoms, and
even at such depths it is necessary that there should be some local and
special conditions in order that the agitated water may produce any
mechanical effect. However, it is not improbable that, by a peculiar

configuration of the bottom and ridges among oceanic islands, the de-

posit on a ridge may be disturbed by the tidal wave even at 1,000

fathoms
; and this may be the cause of the hard ground sometimes

met with in such positions. By observations off the coast of France it

has been shown that line mud is at times disturbed at a depth of 150

fathoms; but while admitting that this is the case on exposed coasts,

the majority of observations indicate that beyond 100 fathoms it is an
oscillation of the water, rather than a movement capable of exerting

any geological action, which concerns us in this connection.

Although the great oceanic currents have no direct influence upon
the bottom, yet they have a very important indirect effect upon depos-

its, because the organisms which live in the warm equatorial currents

form a very large part of the sediment being deposited there, and this

in consequence differs greatly from the deposits forming in regions

where the surface water is colder. In the same way a high or low spe-

cific gravity of the surface water has an important beariug on the

animal and vegetable life of the ocean, and this in its turn affects the

character of the deposits.

. The thermometric observations of the Challenger show that a slow

movement of cold water must take place in all the greater depths of the

oceau from the poles, but particularly from the southern pole, towards

the equator. It could be shown from many lines of argument that this

extremely slow massive movement of the water can have no direct in-

fiueuce on the distribution of marine sediments.

Glaciers, which eventually became icebergs that are carried far out

to sea by currents, transport detrital matter from the land to the

ocean, and thus modify in the Arctic and Antarctic regions the deposits

taking place in the regions affected by them. The detritus from ice-

bergs in the Atlantic can be traced as far south as latitude 36° off the

American coast, and in the southern hemisphere as far north as lati-

tude 40°.

The fact that sea water retains fine matter in suspension for a much
shorter time than fresh water should be referred to here as having an
important influence in limiting the distribution of fine argillaceous and
other materials borne down to the sea by rivers, thus giving a distinc-

tive character to deposits forming near land.

We have pointed out the influence of the temperature and salinity

upon the distribution of the surface organisms whose skeletons form a
large part of some oceanic deposits, and may state also that the bathy-

metrical distribution of calcareous organisms is influenced by the

chemical action of sea water. We will return to these influences pres-
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eii'tly when describing the distribution of the various kinds of deposits

and their reciprocal relations, especially in those regions of the deep

sea far removed from the mechanical action of rivers, waves, and super-

ficial currents. The action of life as a geological agent has been indi-

cated under the heading Materials.

Methods.—We give here an example showing the order followed in

describing the deposits examined:

Station 338 ; latitude 21° 15' S., longitude U° 2' W. j
March 21, 1876;

surface temperature, 76°.5; bottom temperature, 36°.5; depth, 1,990

fathoms.

Globigerina ooze, white, with slightly rosy tinge when wet
j
granular,

homogeneous, and very slightly coherent when dry ; resembles chalk.

I. Carbonate of calcium, 90.38 per cent., consists of pelagic Foranii-

nifera (80 percent.) ; coccoliths and rhabcloliths (9 per cent.) ; Miliolas,

Discorbiuas, and other Foraminifera, Ostracode valves, fragments of

Echini spines, and one or two small fragments of Pteropods (1.38 per

cent.).

II. Residue, 9.62 per cent., reddish brown, consists of

—

1. Minerals [1.62] m. di. 0.45mm ,
fragments of feldspar, hornblende,

magnetite, magnetic spherules, a few small grains of manganese, and

pumice.

2. Siliceous organisms [1.00], Radiolarians, spicules of Sponges, and

imperfect casts of Foraminifera.

3. Fine washings [7.00], argillaceous matter with small mineral par-

ticles and fragments of pumice and siliceous organisms.

The description of the deposits has been made upon this plan, which

was adopted after many trials and much consideration. This is not

the place to give the reasons which have guided us in adopting this

mode of description, or to give in detail the methods that we have sys-

tematically employed for all the sediments which we are engaged in

describiug. These will be fully given in the introduction to our Chal-

lenger report. We limit ourselves here to explaining the meanings

and arrangement of terms and abbreviations, so that the method may
be understood and made available for others.

The description commences by indicating the kind of deposit (red clay,

blue mud, Globigerina ooze, &c), with the microscopic characters of the

deposit, when wet or dry.

We have always endeavored to give a complete chemical analysis of

the deposit, but when it was impossible to do this we have always de-

termined the amount of carbonate of calcium. This determination was

generally made by estimating the carbonic acid. We usually took a

gram of a mean sample of the substance for this purpose, using weak

and cold hydrochloric acid. However, as the deposits often contain

carbonates of magnesia and iron as well, the results calculated by asso-

ciating the carbonic acid with the lime are not perfectly exact, but these

carbonates of magnesia and iron are almost always in a very small pro-
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portion, and the process is, we think, sufficiently accurate, for, owing
to the sorting of the elements which goes on during collection and car-

riage, no two samples from the same station give exactly the same per-

centage. The number which follows the words " carbonate of calcium "

indicates the percentage of 0aCO 3 ;
we then give the general designa-

tions of the principal calcareous organisms in the deposit.

The part insoluble in the hydrochloric acid, after the determination

of the carbonic acid, is designated in our descriptions "residue." The
number placed after this word indicates its percentage in the deposit;

then follow the color and principal physical properties. This residue

is washed and submitted to decantatious, which separate the several

constituents according to their density; these form three groups, (1)

minerals, (2) siliceous orgauisms, (3) fine washings.

1. Minerals.—The number within brackets indicates the percentage

of particular minerals and fragments of rocks. This number is the re-

sult of an approximate evaluation, of which we will give the basis in

our report. As it is important to determine the dimensions of the

grains of minerals which constitute the deposit, we give, after the con-

traction m. di., their mean diameter in millimeters. We give next the

form of the grains, if they are rounded or angular, &c. ; then the

enumeration of the species of minerals and rocks. In this enumera-

tion we have placed the minerals in the order of the importance of the

role which they play in the deposit. The specific determinations have
been made with the mineralogical microscope in parallel or convergent

polarized light.

2. Siliceous organisms.—The number between brackets indicates

the percentage of siliceous organic remains ; we obtain it in the same
manner as that placed after the word "minerals." The siliceous organ-

isms and their fragments are examined with the microscope and deter-

mined. We have also placed under this heading the Glauconitic casts

of the Foraminifera and other calcareous organisms.

3. Fine washings.—We designate by this name the particles which,

resting in suspension, pass with the tirst decantation. They are about

0.04mm or less in diameter. We have been unable to arrange this mi-

croscopic matter under the category of minerals, for,, owing to its minute

and fragmentary nature, it is impossible to determine the species. We
have always found that the fine washings increase in quantity as the

deposit passes to a clay, and it is from this point of view that the sub-

division has its raison d'etre. We often designate the lightest particles

by the name argillaceous matter, but usually there are associated with

this very small particles of indeterminable minerals and fragments of

siliceous organisms. The number within brackets which follows the

words "fine washings" is obtained in the same manner as those placed

after "minerals" and "siliceous organisms."

These few words will suffice to render the descriptions intelligible.

Greater details will be given, as already stated in the Challenger report.
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It may be added that in the majority of cases we have solidified the

sediments and formed them into thin slides for microscopic examina-

tion, and that at all times theexamination by transmitted light has been

carried on at the same time as the examination by reflected light. Each

description is followed by notes upon the dredging or sounding, upon

the animals collected, and a discussion of the analysis whenever a com-

plete analysis has been made, which is always the case with typical

samples of the deposits.

Kinds of deposits.—We now proceed to the description of the va-

rious types of deposits into which it is proposed to divide the marine

formations that are now taking place in the deeper water of the various

oceans and seas. We will speak first of those which are met with in

the deeper water of inland seas, and around the coasts of continents

and islands, and afterwards of those which are found in the abysmal

regions of the great oceans. Those coast formations which are being

laid down on the shores, or in very shallow water, and which have been

somewhat carefully described previous to the recent deep-sea explora-

tions, are here neglected.

A study of the collections made by the Challenger and other expedi-

tions shows

—

(1.) That in the deeper water around continents and islands which

are neither of volcanic nor coral origin, the sediments are essentially

composed of a mixture of sandy and amorphous matter, with a few re-

mains of surface organisms, to which we give the name of muds, and

which may be distinguished microscopically by their color. We dis-

tinguish them by the names blue, red, and green muds.

(2.) Around volcanic islands the deposits are chiefly composed of

mineral fragments derived from the decomposition of volcanic rocks.

These, according to the size of the grains, are called volcanic muds or

sands.

(3.) Near coral islands and along shores fringed by coral reefs the

deposits are calcareous, derived chiefly from the disintegration of the

neighboring reefs, but they receive large additions from shells and

skeletons of pelagic organism, as well as from animals living at the

bottom. These are named, according to circumstances, coral or coral-

line muds and sands.

Let us now see what are the chief characteristics of each of these de-

posits.

Blue mud is the most extensive deposit now forming around the great

continents and continental islands and in all inclosed or partially iu-

closed seas. It is characterized by the slaty color which passes in most

cases into a thin layer of a reddish color at the upper surface. These

deposits are colored blue by organic matter in a state of decomposition

and frequently give off an odor of sulphureted hydrogen. When dried

a blue mud is grayish in color and rarely or never has the plasticity

and compactness of a true clay. It is finely granular and occasionally
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contains fragments of rocks 2cm in diameter
;
generally, however, the

minerals, which are derived from the continents and are found mixed

up with the muddy matter in these deposits, have a diameter of 0.5mm

and less. Quartz particles, often rounded, play the principal part;

next come mica, feldspar, augite, hornblende, and all the mineral species

which come from the disintegration of the neighboring lands, or the

lands traversed by rivers which enter the sea near the place where

the specimens have been collected. These minerals make up the princi-

pal and characteristic portion of bine muds, sometimes forming SO per

cent, of the whole deposit. Glauconite, though generally present, is

never abundant in blue muds. The remains of calcareous organisms

are at times quite absent, but occasionally they form over 50 per cent.

The latter is the case when the specimen is taken at a considerable dis-

tance from the coast and at a moderate depth. These calcareous frag-

ments consist of bottom-living and pelagic Foraminifera, Mollusks, Poly-

zoa, Serpuloe, Echinoderms, Alcyonarian-spicules, Corals, &c. The re-

mains of Diatoms and Kadiolarians are usually present. Generally

speaking, as we approach the shore the pelagic organisms disappear,

and, on the contrary, as we proceed seawards, the size of the mineral

grains diminishes, and the remains of shore and coast organisms give

place to pelagic ones, till finally a blue mud passes into a true deep-sea

deposit. In those regions of the ocean affected with floating ice the

color of these deposits becomes gray rather than blue at great distances

from land, and is further modified by the presence of a greater or less

abundance of glaciated blocks and fragments of quartz.

Green muds and sands.—As regards their origin, composition, and dis-

tribution near the shores of continental land, these muds and sands

resemble the blue muds. They are largely composed of argillaceous

matter and mineral particles of the same size and nature as in the blue

muds. Their chief characteristic is the presence of a considerable

quantity of glauconitic grains, either isolated or united into concre-

tions... In the latter case the grains are cemented together by a brown

argillaceous matter, and include, besides quartz, feldspar, phosphate

of lime, and other minerals, more or less altered. The Foraminifera and

fragments of Echinoderms and other organisms in these muds are fre-

quently filled with glauconitic substance, and beautiful casts of these

organisms remain after treatment with weak acid. At times there are

few calcareous organisms in these deposits, and at other times the re-

mains of diatoms and radiolariaus are abundant. When these muds
are dried they become earthy and of a gray-green color. They fre-

quently give out a sulphureted hydrogen odor. The green color ap-

pears sometimes to be due to the presence of organic matter, probably

of vegetable origin, and to the reduction of peroxide of iron to protoxide

under its influence. The green sands differ from the muds only in the

comparative absence of the argillaceous and other amorphous matter,

S. Mis. 70 40
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and by the more important part played by the grains of glauconite,

which chiefly give the green color to these sands.

Bed muds.—In some localities, as for instance off the Brazilian coast

of America, the deposits differ from blue muds by the large quantity

of ochreous matter brought down by the rivers and deposited along

the coast. The ferruginous particles when mixed up with the argilla-

ceous matter give the whole deposit a reddish color. These deposits,

rich iu iron in the state of limonite, do not appear to contain any traces

of glauconite, and have relatively few remains of siliceous organisms-

Volcanic muds and sands.—The muds and sands around volcanic

islands are black or gray; when dried they are rarely coherent. The

mineral particles are generally fragmentary, and consist of lapilli of the

basic and acid series of modern volcanic rocks, which are scoriaceous or

compact vitreous or crystalline, and usually present traces of alteration.

The minerals are sometimes isolated, sometimes surrounded by their

matrix, and consist principally of plagioclases,sanadin, amphibole, pyr-

oxene, biotite, olivine, and magnetic iron; the size of the particles

diminishes with distance from the shore, but the mean diameter is gen-

erally 0.5mra . Glauconite does not appear to be present in these de-

posits, and quartz is also very rare or absent. The fragments of shells

and rocks are frequently covered with a coating of peroxide ofmanga-

nese. Shells of calcareous organisms are often present in great abun-

dance, and render the deposit of a lighter color. The remains of Diatoms

and Eadiolarians are usually present.

Coral muds.—These muds frequently contain as much as 95 per cent,

of carbonate of lime, which consist of fragments of Corals, calcare-

ous Algae, Foraminifera, Serpulae. Mollusks, and remains of other lime-

secreting organisms. There is a large amount of amorphous calcareous

matter, which gives the deposit a sticky and chalky character. The

particles may be of all sizes, according to the distance from the reefs,

the mean diameter being 1 to 2mm , but occasionally there are large

blocks of coral and large calcareous concretions ; the particles are white

and red. Eemains of siliceous organisms seldom make up over 2 or 3

per cent, of a typical coral mud. The residue consists usually of a small

amount of argillaceous matter, with a few fragments of feldspar and

other volcanic minerals ; but off barrier and fringing reefs facing con-

tinents we may have a great variety of rocks and minerals. Beyond a

depth of 1,000 fathoms off coral islands the debris of the reefs begins to

diminish and the remains of pelagic organisms to increase; the deposit

becomes more argillaceous, of a reddish or rose color, and gradually

passes into a Globigerina ooze or red clay. Coral sands contain much

less amorphous matter than coral muds, but in other respects they are

similar, the sands being usually found nearer the reefs and in shallower

water than the muds, except inside lagoons. In some regions the re-

mains of calcareous algae predominate, and in those cases the name

coralline mud or sand is employed to point out the distinction.
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Such is a rapid view of the deposits found in the deeper waters of

the littoral zones, where the debris from the neighboring land plays the

most important part in the formation of muds and sands.

When, however, we pass beyond a distance of about 2(30 miles from

laud, we find that the deposits are characterized by the great abun-

dance of fragmentary volcanic materials which have usually undergone

great alteration, and by the enormous abundance of the shells and

skeletons of minute pelagic organisms which have fallen to the bottom

from the surface waters. These true deep-sea deposits may be divided

into those in which the organic elements predominate, and those in

which the mineral constituents play the chief part. We shall commence

with the former.

Globigerina ooze.—We designate by this name all those truly

pelagic deposits containing over 40 per cent, of carbonate of lime, which

consists principally of the dead shells of pelagic Foraminifera, Globige-

rina, Orbulina, Pulvinulina, Pullenia, Sphceroidina, &c. In some local-

ities this deposit contains 95 per cent, of carbonate of lime. The color

is milky white, yellow, brown, or rose, the varieties of color depending

principally on the relative abundance in the deposit of the oxides

of iron and manganese. This ooze is fine grained ; in the tropics some

of the Foraminifera shells are microscopic. When dried it is pulver-

ulent. Analyses show that the sediment contains, in addition to car-

bonate of lime, phosphate and sulphate of lime, carbonate or magne-

sia, oxides of iron and manganese, and argillaceous matters. The resi-

due is of a reddish brown tinge. Lapilli, pumice, and glassy fragments

often altered into palagonite, seem always to be present, and are fre-

quent^ very abundant. The mineral p articles are generally angular,

and rarely exceed 0.08mm in diameter ; monoclinic and triclinic feld-

spars, augite, olivine, hornblende, and magnetite are the most frequent.

When quartz is present it is in the form of minute, rounded, probably

wind-borne grains, often partially covered with oxide of iron. More

rarely we have white and black mica, bronzite, actinolite, chromite,

glauconite, and cosmic dust. Siliceous organisms are probably never

absent, sometimes forming 20 per cent, of the deposit, at other times

only recognizable after careful microscopic examination. In some re-

gions the frustules of Diatoms predominate, in others the skeletons of

liadiolarians.

The fine washings, viewed with the microscope, are not homogeneous.

The greater part consists of argillaceous matter colored by the oxides

of manganese. Mixed with this, we distinguish fragments of minerals

with a diameter less than 0.05mm , and minute particles of pumice can

nearly always be detected. Fragments of Eadiolarians, Diatoms, and

siliceous spicules can always be recognized, and arc sometimes very

abundant.

Fteropod ooze.—This deposit differs in no way from a Globige-

rina ooze except in the presence of a greater number and variety of
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pelagic organisms, and especially in the presence of Pteropod and He-

teropod shells, such as Diacria, Atlanta, Styliola, Carinaria, &c. The

shells of the more delicate species of pelagic Foraminifera and young shells

are also more abundant in these deposits than in a Globigeriua ooze.

It must be remembered that the name " Pteropod ooze " is not intended

to indicate that the deposit is chiefly composed of the shells of these

mollusks, but as their presence in a deposit is characteristic and has an

important bearing on geographical and bathymetrical distribution, we
think it desirable to emphasize the presence of these shells in any great

abundance. It may here be pointed out that there is a very considera-

ble difference between a Globigeriua ooze or a Pteropod ooze situated

near continental shores and deposits bearing the same names situated

towards the centers of oceanic areas, both with respect to mineral par-

ticles and remains of organisms.

Diatom ooze.—This ooze is of a pale straw color, and is composed

principally of the frustules of Diatoms. When dry it is a dirty white

siliceous flour, soft to the touch, taking the impression of the fingers,

and contains gritty particles which can be recognized by the touch. It

contains on an average about 25 per cent, of carbonate of lime, which

exists in the deposit in the form of small Globigeriua shells, fragments

of Echinoderms and other organisms. The residue is pale white and

slightly plastic ; minerals and fragments of rocks are in some cases

abundant ; these are volcanic, or, more frequently, fragments and min-

erals coming from continental rocks and transported by glaciers. The

fine washings consist essentially of praticles of Diatoms along with ar-

gillaceous and other amorphous matter. We estimate that the frustules

of Diatoms and skeletons of siliceous organisms make up more than 50

per cent, of this deposit.

Radiolarian ooze.—It was stated when describing a Globi gerina ooze

that Radiolarians were seldom, if ever, completely absent from marine

deposits. In some regions they make up a considerable portion of a

Globigeriua ooze, and are also found in Diatom ooze and in the terrige-

nous deposits of the deeper water surrounding the laud. In some

regions of the Pacific, however, the skeletons of these organisms make

up the principal part of the deposits, and to these we have given the

name " Radiolarian ooze." The color is reddish or deep brown, due to

the presence of the oxides of iron and manganese. The mineral parti-

cles consist of fragments of pumice, lapilli, and volcanic minerals, rarely

exceeding 0.07mi" in diameter. There is not a trace of carbonate of

lime in the form of shells in some samples of Radiolarian ooze, but

other specimens contain 20 per cent, of carbonate of lime, derived from

the shells of pelagic Foraminifera. The clayey matter and mineral

particles in this ooze are the same as those found in the red clays,

which we will now proceed to describe.

Red clay.—Of all the deep-sea deposits this is one which is dis-

tributed over the largest areas of the modern oceans. It might be said
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that it exists everywhere in the abysmal regions of the ocean basins,

for the residue in the organic deposits, which has been described under

the name Globigerina, Pteropod, and Radiolarian ooze, is nothing else

than the red clay. However, this deposit only appears in its character-

istic form in those areas where the terrigenous minerals and calcareous

and siliceous organisms disappear to a greater or less extent from the

bottom. It is in the central regions of the Pacific that we meet with

.the typical examples. Like other marine deposits this one passes liter-

ally, according to position and depth, into the adjacent kind of deep-

sea ooze or mud.

The argillaceous matters are of a more or less deep brown tint from

the presence of the oxides of iron and manganese. In the typical ex-

amples no mineralogical species can be distinguished by the naked

eye, for the grains are exceedingly fine and of nearly uniform dimen-

sions, rarely exceeding 0.05u,m in diameter. It is plastic and greasy to

the touch ; when dried it coagulates into lumps so coherent that con-

siderable force must be employed to break them. It gives the brilliant

streak of clay, and breaks down in water. The pyrognostic properties

show that we are not dealing with a pure clay, for it fuses easily before

the blow-pipe into a magnetic bead.

Under the term "red clay" are comprised three deposits in which the

characters of clay are not well pronounced, but which are mainly com-

posed of minute particles of pumice and other volcanic material which,

owing to their relatively recent deposition, have not undergone great

alterations. If we calculate the analyses of red clay, it will be seen,

moreover, that the silicate of alumina present as clay (2 Si02 ,
Al2 3 -f 2

H 20) comprises only a relatively small portion of the sediment; the cal-

culation shows always an excess of free silica, which is attributed chiefly

to the presence of siliceous organisms.

Microscopic examination shows that a red clay consists of argillaceous

matter, minute mineral particles, and fragments of siliceous organisms;

in a word, it is in all respects identical with the residue of the organic

oozes. The mineral particles are, for the greater part, of volcanic origin,

except in those cases where continental matters are transported by

floating ice, or where the sand of deserts has been carried to great dis-

tances by winds. These volcanic minerals are the same constituent

minerals of modern eruptive rocks enumerated in the description of

volcanic muds and sands. In the great majority of cases they are ac-

companied by fragments of lapilla, and of puinice more or less altered.

Vitreous volcanic matters belonging to the acid and basic series of rocks

predominate in the regions where the red clay has its greatest develop-

ment, and it will be seen presently that the most characteristic decom-

positions which there take place are associated with pyroxenic lavas.

Associated with the red clay are almost always found concretions

and microscopic particles of the oxides of iron and manganese, to which

the deposit owes its color. Again, in the typical examples of the de-
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posit zeolites in the form of crystals and crystalline spherules are pres-

ent, along with metallic globules and silicates, which are regarded as

of cosmic origin. Calcareous organisms are so generally absent in the

red clay that they cannot be regarded as characteristic. When present

they are chiefly the shells of pelagic Foraminifera, and are usually met
with in great numbers in the surface layers of the deposit, to which
they give a lighter color. On the other hand, the remains of Diatoms,

Eadiolarians, and Sponge-spicules are generally present, and are some-

times very abundant. The ear-bones of various cetaceans, as well as

the remains of other cetacean bones, and the teeth of sharks, are, in

some of the typical samples far removed from the continents, exceed-

ingly abundant, and are often deeply impregnated with or imbedded in

thick coatings of oxides of iron and manganese. The remains of these

vertebrates have seldom been dredged in the organic oozes, and still

more rarely in the terrigenous deposits.

The fine washings, as examined with a power of 450 diameters, are

composed of an amorphous matter, fragments of minerals, the re-

mains of siliceous organisms, and coloring substances. What we call

amorphous matter may be considered as properly the argillaceous mat-

ter, and presents characters essentially vague. It appears as a gelat-

inous substance, without definite contours, generally colorless, perfectly

isotropic, and forms the base which agglutinates the other particles of

the washings. As these physical properties are very indefinite, it is

difficult to estimate even approximately the quantity present in a de-

posit. However, it augments in proportion as the deposit becomes
more clayey, but we think that only a small quantity of this substance

is necessary to give a clayey character to a deposit. Irregular frag-

ments of minerals, small pieces of vitreous rocks, and remains of sili-

ceous organisms predominate in this fundamental base. These parti-

cles probably make up about 50 per cent, of the whole mass of the fine

washings, and this large percentage of foreign substances must neces-

sarily mask the character of the clayey matter in which they are

imbedded. The mineral particles are seldom larger than 0.01mm in

diameter, but descend from this size to the merest points. It is im-

possible, on account of their minuteness, to say to what mineral species

they belong; their optical reactions are insensible, their outlines too

irregular, and all special coloration has disappeared. All that can be

reasonably said is that these minute mineral particles probably belong

to the same species as the larger particles in the same deposit, such as

feldspar, hornblende, magnetite, &c. In the case of pumice and sili-

ceous organisms the fragments can;, owing to their structure, be recog-

nized when of a much less size than in the case of the above minerals.

It can be made out by means of the microscope that the coloring

substances are hydrated oxides of iron and manganese. The former is

scattered through the mass in a state of very fine division; in some

points, however, it is more localized, the argillaceous matter here ap-



[17] ON DEEP-SEA DEPOSITS. 775

pearing with a browner tinge, but these spots are noticed gradually to

disappear in the surrounding mass. The coloration given by the man-
ganese is much more distinct. There are small, rounded . brownish

spots with a diameter of less than 0.01mm , which disappear under the

action of hydrochloric acid with disengagement of chlorine. These
small round concretions, which are probably a mixture of the oxides

of iron and manganese, will be described with more detail in the Chal-

lenger report.

The following table shows the nomenclature we have adopted :

Terrigenous
Deposits.

^ Shore formations,
Blue mud,
Green mud and sand.
Red mud,

~) Found in inland
seas and along
the shores of
continents.

!*

Coral mud and sand,
Coralline mud and sand,
Volcanic mud and sand.

Pelagic De-
posits.

I

^ Eed clay,

j
Globigerina ooze,

<^ Pteropod ooze,

Diatom ooze,

Eadiolarian ooze,

"} Found about
oceanic islands

Y and along the
shores of conti-

3 neuts.

1

3

Found in the
abysmal regions
of the ocean ba-

sins.

Geographical and bathymetrical distribution.—In the pre-

ceding pages we have confined our remarks essentially to the litholog-

ical nature of the deep-sea deposits, including in this term the dead
shells and skeletons of organisms. From this point of view it has been
possible to define the sediments and to give them distinctive names.
We now proceed to consider their geographical and bathymetrical dis-

tribution, and the relations which exist between the mineralogical and
organic composition and the different areas of the ocean in which they

are formed.

A cursory glance at the geographical distribution shows that the de-

posits which we have designated muds and sands are situated, at various

depths, at no great distance from the land, while the organic oozes and
red clays occupy the abysmal regions of the ocean basins far from land.

Leaving out of view the coral and volcanic muds and sands which are

found principally around oceanic islands, we notice that our blue muds,
green muds and sands, red muds, together with all the coast and snore

formations, are situated along the margins of the continents and in in-

closed and partially inclosed seas. The chief characteristic of these de-

posits is the presence in them of continental debris. The blue muds are

found in all the deeper parts of the regions just indicated, and especially

near the embouchures of rivers. Eed muds do not differ much from
blue muds except in color, due to the presence of ferruginous matter in

great abundance, and we find them under the same conditions as the
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blue muds. The green muds and sands occupy, as a rule, portions of

the coast where cletrital matter from rivers is not, apparently, accumu-

lating at a rapid rate, viz, on such places as the Angulhas Bank, off the

east coast of Australia, off the coast of Spain, and at various points

along the coast of America.

Let us cast a glance at the region occupied by terrigenous deposits,

in which we include all truly littoral formations. This region extends

from high-water mark down, it may be, to a depth of over 4 miles, and

in a horizontal direction from 60 to perhaps 300 miles seawards, and in-

cludes, in the view we take, all inland seas, such as the North Sea, Nor-

wegian Sea, Mediterranean Sea, Red Sea, China Sea, Japan Sea, Carib-

bean Sea, and many others. It is the region of change and of variety

with respect to light, temperature, motion, and biological conditions.

In the surface waters the temperature ranges from 80° P. in the tropics

to 28° F. in the polar regions. Below the surface down to the nearly

ice-cold water found at the lower limits of the region in the deep sea

there is in the tropics an equally great range of temperature. Plants

and animals are abundant near the shore, and animals extend in rela-

tively great abundance down to the lower limits of this region, which is

now covered with these terrigenous deposits. The specific gravity of

the water varies much, owiug to mixture with river water or great local

evaporation, and this variation in its turn affects the fauna and flora. In

the terrigeuous region tides and currents produce their maximum ef-

fect, and these influences can in some instances be traced to a depth of

300 fathoms, or nearly 2,000 feet. The upper or continental margin of

the region is clearly defined by the high-water mark of the coast-line,

which is constantly changing through breaker action, elevation, and

subsidence. The lower or abysmal margin is less clearly marked out.

It passes in most cases insensibly into the abysmal region, but may be

regarded as ending when the mineral particles from the neighboring

continents begin to disappear from the deposits, which then pass into

an organic ooze or a red clay.

Contrast with these those conditions which prevail in the abysmal

region in which occur the organic oozes and red clay, the distribution of

which will presently be considered. This area comprises vast undulating

plains from 2 to 5 miles beneath the surface of the sea, the average be-

ing about 3 miles, here and there interrupted by huge volcanic cones

(the oceanic islands). No sunlight ever reaches these deep, cold tracts.

The range of temperature over them is not more than 7°, viz, from 31°

to 38° F., and is apparently constant throughout the whole year in each

locality. Plant life is absent, and, although animals belonging to all

the great types are present, there is no great variety of form or abun-

dance of individuals. Change of any kind is exceedingly slow.

What is the distribution of deposits in this abysmal region of the

earth's surface? In the tropical and temperate zones of the great

oceans, which occupy about 110° of latitude between the two polar
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zones, at depths where the action of the waves is not felt, and at points

to which the terrigenous materials do not extend, there are now form-

ing vast accumulations of Globigerina and other Pelagic Foraminifera,

coccoliths, rhabdoliths, shells of pelagic Mollusks, and remains of other

organisms. These deposits may perhaps be called the sediments of me-
dian depths and of warmer zones, because they diminish in great depths
and tend to disappear towards the poles. This fact is evidently in

relation with the surface temperature of the ocean, and shows that

pelagic Foraminifera and Mollusks live in the superficial waters of the

sea, whence their dead shells fall into the bottom. Globigerina ooze

is not found in inclosed seas nor in polar latitudes. In the south-

ern hemisphere it has not been met with beyond the fiftieth parallel.

In the Atlantic it is deposited upon the bottom at a very high lati-

tude below the warm waters of the Gulf Stream, and is not observed

under the cold descending polar current which runs south in the same
latitude. These facts are readily explained if we admit that this ooze

is formed chiefly by the shells of surface organisms which require an
elevated temperature and a wide expanse of sea. But as long as the

conditions of the surface are the same we would expect the deposits at

the bottom also to remain the same. In showing that such is not the

case we are led to take into account an agent which is in direct correla-

tion with the depth. We may regard it as established that the majority

of the calcareous organisms which make up the Globigerina and Ptero-

pod oozes live in the surface waters, and we may also take for granted

that there is always a specific identity between the calcareous organisms

which live at the surface and the shells of these pelagic creatures found

at the bottom. This observation will permit us to place in relation the

organic deposits and those which are directly or indirectly the result of

the chemical activity of the ocean. Globigerina ooze is found in the

tropical zone at depths which do not exceed 2,400 fathoms, but when
depths of 3,000 fathoms are explored in this zone of the Atlantic and
Pacific there is found an argillaceous deposit without, in many instances,

any trace of calcareous organisms. When we descend from the "• sub-

marine plateaus " to depths which exceed 2,250 fathoms the Globigerina

ooze gradually disappears, passing into a grayish marl, and finally is

wholly replaced by an argillaceous material, which covers the bottom at

all depths greater than 2,900 fathoms.

The transition between the calcareous formations and the argillaceous

ones takes place by almost insensible degrees. The thinner and more
delicate shells disappear first. The thicker and larger shells lose little

by little the sharpness of their contour and appear to undergo a pro-

found alteration. They assume a brownish color, and break up in pro-

portion as the calcareous constituent disappears. The red clay predomi-

nates more and more as the calcareous element diminishes in the de-

posit.
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If we dow recollect that the most important elements of the organic

deposits have descended from the superficial waters, and that the vari-

ations in contour of thebottom of the sea cannot of themselves prevent

the debris of animals and plants from accumulating upon the bottom,

their absence in the red clay areas can only be explained by a decom-

position under the action of a cause which we must seek to discover.

Pteropod ooze, it will be remembered, is a calcareous organic deposit,

iu which the remains of Pteropods and other pelagic Mollusca are pres-

ent, though they do not always form a preponderating constituent, and

it has been found that their presence is in correlation with the bathy-

metrical distribution.

In studying the nature of the calcareous elements which are deposited

in the pelagic areas it has been noticed that, like the shells gf the Fo-

ramiuifera, those of the Thecosomatous Pteropoda, which live everywhere

in the superficial waters, especially in the tropics, become fewer in num-

ber as the depth from which the sediments are derived increases. We
have just observed that the shells of Foraminifera disappear gradually as

we descend along a series of soundings from a point where the Globi-

gerina ooze has abundance of carbonate of lime towards deeper regions;

but we notice also that when the sounding-rod brings up a graduated

series of sediments from a declivity descending into deep water, among

the calcareous shells, those of the Pteropods and Heteropods disappear

first in proportion as the depth increases. At depths less than 1,400

fathoms in the tropics a Pteropod ooze is found with abundant remains

of Heteropods and Pteropods; deeper soundings then give a Globigerina

ooze without these molluscan remains ; and in the still greater depths,

as before mentioned, there is a red clay in which calcareous organisms

are nearly if not quite absent.

In this manner, then, it is shown that the remains of calcareous or-

ganisms are completely eliminated in the greatest depths of the ocean.

For if such be not the case why do we find all these shells at the

bottom of the shallower depths and not at all in the greater depths,

although they are equally abundant on the surface at both places?

There is reason to think that this solution of calcareous shells is due

to the presence of carbonic acid throughout all depths of ocean water.

It is well known that this substance dissolved in water is an energetic

solvent of calcareous matter. The investigations of Buchanan and

Dittmar have shown that carbonic acid exists in a free state in sea

water, and, in the second place, Dittmar's analyses show that deep- sea

water contains more lime than surface water. This is a confirmation

of the theory which regards carbonic acid as the agent concerned in

the total or partial solution of the surface shells before or immediately

after they reach the bottom of the ocean, and is likewise in relation

with the fact that in high latitudes, where fewer calcareous organisms

are found at the surface, their remains are removed at lesser depths

than where these organisms are in greater abundance. It is not im-
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probable that sea water itself may have some effect in the solution of

carbonate of lime, and, further, that the immense pressure to which

water is subjected in great depths may have an influence on its chem-

ical activity. We await the result of further researches on this point,

which have been undertaken in connection with the Challenger reports.

We are aware that objections have been raised to the explanation

here advanced on account of the alkalinity of sea water, but we may
remark that alkalinity presents no difficulty which need be here consid-

ered (Dittmar, "Phys. Chem. Chall. Exp.," part 1, 1884).

This interpretation permits us to explain how the remains of Diatoms

and Eadiolarians (surface organisms like the Foraminifera) are found in

greater abundance in the red clay than in a Globigeriua ooze. The

action which suffices to dissolve the calcareous matter has little or no

effect upon the silica, aud so the siliceous shells accumulate. Nor is

this view of the<case opposed to the distribution of the Pteropod ooze.

At first we should expect that the Foraminifera shells, beiug smaller,

would disappear from a deposit before the Pteropod shells; bub if we
remember that the latter are very thin and delicate, and, for the quan-

tity of carbonate of lime present, offer a larger surface to the action of

the solvent than the thicker, though smaller, Globigeriua shells, we shall

see the explanation of this apparent anomaly.

It remains now to point out the area occupied by the red clay. We
have seen how it passes at its margins into organic calcareous oozes,

found in the lesser depths of the abysmal regions, or into the siliceous

organic oozes or terrigenous deposits. In its typical form the red clay

occupies a larger area than any of the other true deep-sea deposits, cov-

ering the bottom in vast regions of the North and South Pacific, Atlantic,

and Indian Oceans. As above remarked, this clay may be said to be

universally distributed over the floor of the oceanic basins, but it only

appears as a true deposit at points where the siliceous and calcareous

organisms do not conceal its proper characters.

Having now indicated its distribution, we must consider the mode of

its formation, and give, in addition, a concise description of the miner-

als and of the organic remains which are commonly associated with it.

The origin of these vast deposits of clay is a problem of the highest

interest. It was at first supposed that these sediments were composed

of microscopic particles arising from the disintegration of the rocks

by the rivers and by the waves on the coasts. It was believed that

the matters held in suspension were carried far and wide by currents,

aud gradually fell to the bottom of the sea. But the uniformity of com-

position presented by these deposits was a great objection to this view.

It could be shown, as we have mentioned above, that mineral particles,

even of the smallest dimensions, continually set adrift upon disturbed

waters, must, owing to a property of sea water, eventually be pre-

cipitated at no great distance from land. It has also been supposed
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that these argillaceous deposits owe their origin to the inorganic residue

of the calcareous shells which are dissolved away in deep water, but

this view has no foundation in fact. Everything seems to show that

the formation of the clay is due to the decomposition of fragment-

ary volcanic products, whoso presence can be detected over the whole

floor of the ocean.

These volcanic materials are derived from floating pumice and vol-

canic ashes, ejected to great distances by terrestrial volcanoes and car-

ried far by the winds. It is also known that beds of lava and of tufa are

laid down upon the bottom of the sea. This assemblage of pyrogenic

rocks, rich in aluminous silicates, decomposes under the chemical action

of the water, and gives rise in the same way as do terrestrial volcanic

rocks to argillaceous matters, according to reactions we can always

observe on the surface of the globe, and which are too well known

to need special mention here.
t

The detailed microscopic examination of hundreds of soundings has

shown that we can always demonstrate in the argillaceous matter the

presence of pumice, of lapilli, of silicates, and other volcanic minerals

in various stages of decomposition.

As we have shown in another paper,* the deposit most widely dis-

tributed over the bed of modern seas is due to the decomposition of

the products of the internal activity of the globe; and the fiual result

of the chemical action of sea water is seen in the formation of this

argillaceous matter, which is found everywhere in deep-sea deposits,

sometimes concealed by the abundance of siliceous or calcareous organ-

isms, sometimes appearing with its own proper characteristics asso-

ciated with mineral substances, some of which allow us to appreciate

the extreme slowness of its formation, or whose presence corroborates

the theory advanced to exjdain its origin.

In the places where this red clay attains its most typical development

we may follow, step by step, the transformation of the volcauic frag-

ments into argillaceous matter. It may be said to be the direct prod-

uct of the decomposition of the basic rocks, represented by volcanic

glasses, such as hyalomelan and tachylite. This decomposition, in spite

of the temperature approximating to zero (32° F.), gives rise, as an ul-

timate product, to clearly crystallized minerals, which may bo consid-

ered the most remarkable products of the chemical action of the sea

upon the volcanic matters undergoing decomposition. These micro-

scopic crystals are zeolites lying free in the deposit, and are met with

in greatest abundance in the typical red-clay areas of the Central Pacific.

They are simple, twinned, or spheroidal groups, which scarcely exceed

half a millimeter in diameter. The crystallographic and chemical study

of them shows that they must be referred to christianite. It is known
how easily the zeolites crystallize in the pores of eruptive rocks in pro-

cess of decomposition ; and the crystals of christianite, which we ob-

" On Cosmic and Volcanic Dust," Proc. Roy. Soc. Edin., 1883-'84.
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serve in considerable quantities in the clay of the center of the Pacific,

have been formed at the expense of the decomposing volcanic matters

spread out upon the bed of that ocean.

In connection with this formation of zeolites reference may be made
to a chemical process whose principal seat is the red-clay areas, and
which gives rise to nodules of manganiferous iron. This substance is

almost universally distributed in oceanic sediments
;
yet it is not so

much of the areas of its abundance that we intend to speak as to the

fact of its occurrence in the red clay, because this association tends to

show a common relation of origin. It is' exactly in those regions where
there is an accumulation of pyroxenic lavas in decomposition, contain-

ing silicates with a base of manganese and iron, such, for example, as

augite, hornblende, olivine, magnetite, and basic glasses, that manganese
nodules occur in greatest numbers. In the regions where the sedimen-

tary action, mechanical and organic, as it were, suspended, and where,

as will appear in the sequel, everything shows an extreme slowness of

deposition, in these calm waters, favorable to chemical reactions, ferro-

manganiferous substances form concretions around organic and inor-

ganic centers.

These concentrations of ferric and manganic oxides, mixed with ar-

gillaceous materials whose form and dimensions are extremely varia-

ble, belong generally to the earthy variety or wad, but pass sometimes,

though rarely, into varieties of hydrated oxide of manganese, with dis-

tinct indications of radially fibrous crystallization. The interpretation

to which we are led in order to explain this formation of manganese
nodules is the same as that which is admitted in explanation of the

formation of coatings of this material on the surface of terrestrial rocks.

These salts of manganese and iron, dissolved in water by carbonic

acid, then precipitated in the form of carbonate of protoxide of iron

and manganese, become oxidized, and give rise in the calm and deep
oceanic regions to more or less pure ferro-manganiferous concretions.

At the same time it must be admitted that rivers may bring to the

ocean a contribution of these same substances.

Among the bodies which, in certain regions where red clay predomi-

nates, serve as centers for these manganiferous nodules, are the remains

of vertebrates. These remains are the hardest parts of the skeleton

—

tympanic bones of whales, beaks of Ziphius, teeth of sharks ; and just

as the calcareous shells are eliminated in the depths, so all the remains

of the larger vertebrates are absent except the most resistant portions.

These bones often serve as a center for the manganese-iron concretions,

being frequently surrounded by layers several centimeters in thickness.

In the same dredgings in the red-clay areas some sharks' teeth and
cetacean ear-bones, some of which belong to extinct species, are sur-

rounded with thick layers of the manganese, and others with merely a

slight coating. We will make use of these facts to establish the conclu-

sions which terminate this paper.
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Iii these red clays there occur, in addition, the greatest number of

cosmic metallic spherules, or chondres, the nature and character of

which we have pointed out elsewhere. We merely inuicate their pres-

ence here, as we will support our conclusions by a reference to their

distribution.

Reviewing, then, the distribution of oceanic deposits, we may sum-

marize thus:

(1) The terrigenous deposits—the blue muds, green muds and sands,

red muds, volcanic muds and sands, coral muds and sands—are met with

in those regions of the ocean nearest to land. With the exception of

the volcanic muds and sands and coral muds and sands around oceanic

islands, these deposits are found only lying along the borders of con-

tinents and continental islands and in inclosed and partially inclosed

seas.

(2) The organic oozes and red clay are confined to the abysmal re.

gions of the ocean basins. A Pteropod ooze is met with in tropical and

subtropical regions in depths less than 1,500 fathoms, a Globigerina

ooze in the same regions between the depths of 500 and 2,800 fathoms,

a Radiolarian ooze in the central portions of the Pacific at depths greater

than 2,500 fathoms, a Diatom ooze in the Southern Ocean south of the

latitude of 45° south, a red clay anywhere within the latitudes of 45°

north and south at depths greater than 2,200 fathoms.

Conclusions.—All the facts and details enumerated in the foregoing

pages point to certain conclusions which are of considerable geological

interest, and which appear to be warranted by the present state of our

investigations.

We have said that the debris carried away from the land accumulates

at the bottom of the sea before reaching the abysmal regions of the

ocean. It is only in exceptional cases that the finest terrigenous materi-

als are transported several hundred miles from the shores. In place of

layers formed of pebbles and clastic elements with grains of considerable

dimensions, which play so large a part in the composition of emerged
lands, the great areas of the ocean basins are covered by the microscopic

remains of pelagic organisms, or by the deposits coming from the alter-

ation of volcanic products. The distinctive elements that appear in the

river and coast sediments are, properly speaking, wanting in the great

depths far distant from the coasts. To such a degree is this the case

that in a great number of soundings, from the center of the Pacific, for

example, we have not been able to distinguish mineral particles on
which the mechanical action of water had left its imprint, and quartz

is so rare that it may be said to be absent. It is sufficient to indicate

these facts in order to make apparent the profound differences which

separate the deposits of the abysmal areas of the ocean basins from

the series of rocks in the geological formations. As regards the vast

deposits of red clay, with its manganese concretions, its zeolites, cosmic

dust, and remains of vertebrates, and the organic oozes which are
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spread out over tbe bed of the Central Pacific, Atlantic, and Indian

Oceans, have they their analogues in the geological series of rocks?

If it be proved that in the sedimentary strata the pelagic sediments are

not represented, it follows that deep and extended oceans like those of

the present day cannot formerly have occupied the areas of the pres-

ent continents, and, as a corollary, the great lines of tbe ocean basins

and continents must have been marked out from the earliest geolog-

ical ages. We thus get a new confirmation of the opinion of the per-

manence of the continental areas.

But, without asserting in a positive manner that the terrestrial areas

and the areas covered by the waters of the great ocean basins have

had their main lines marked out since the commencement of geological

history, it is, nevertheless, a fact, proved by the evidence derived from

a study of the pelagic sediments, that these areas have a great antiq-

uity. The accumulation of sharks' teeth, of the ear-bones of cetaceans,

of manganese concretions, of zeolites, of volcanic material in an ad-

vanced state of decomposition, and of cosmic dust, at points far re-

moved from the continents, tend to prove this. There is no reason for

supposing that the parts of the ocean where these vertebrate remains

are found are more frequented by sharks or cetaceans than other re-

gions where they are never or only rarely dredged from the deposits

at the bottom. When we remember, also, that these ear-bones, teeth of

sharks, and volcanic fragments are sometimes in crusted with two cen-

timeters of manganese oxide, while others have a mere coating, and
that some of the bones and teeth belong to extinct species, we may
conclude with great certainty that the clays of these oceanic basins

have accumulated with extreme slowness. It is indeed almost beyond
question that the red-clay regions of the Central Pacific contain accu-

mulations belonging to geological ages different from our own. The
great antiquity of these formations is likewise confirmed in a striking

manner by the presence of cosmic fragments, the nature of which we
have described (" On Cosmic and Volcanic Dust," Proc. Eoy. Soc. Edin.).

In order to account for the accumulation of all the substances in such

relatively great abundance in the areas where they were dredged, it

is necessary to suppose the oceanic basins to have remained the same
for a vast period of time.

The sharks' teeth, ear-bones, manganese nodules, altered volcanic

fragments, zeolites, and cosmic dust are met with in greatest abundance
in the red clays of the Central Pacific, at that point on the earth's sur-

face farthest removed from continental land. They are less abundant
in the Radiolarian ooze, are rare in the Globigerina, Diatom, and Ptero-

pod oozes, and they have been dredged only in a few instances in the

terrigenous deposits close to the shore. These substances are present

in all the deposits, but, owing to the abundance of other matters in the

more rapidly forming deposits, their presence is masked, and the chance
of dredging them is reduced. We may then regard the greater or less
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abundance of these materials, which are so characteristic of a true red

clay, as being a measure of the relative rate of accumulation of the ma-
rine sediments in which they lie. The terrigenous deposits accumulate

most rapidly ; then follow in order Pteropod ooze, Globigerina ooze,

Diatom ooze, Kadiolarian ooze, and, slowest of all, red clay.

From the data now advanced it appears possible to deduce other

conclusions important from a geological point of view. In the deposits

due essentially to the action of the ocean we are at once struck by the

great variety of sediments which may accumulate in regions where the

external conditions are almost identical. Again, marine faunas and
floras, at least those of the surface, differ greatly, both with respect to

species and to relative abundance of individuals, in different regions of

the ocean ; and as their remains determine the character of the deposit

in many instances, it is legitimate to conclude that the occurrence of

organisms of a different nature in several beds is not an argument
against the synchronism of the layers which contain them.

The small extent occupied by littoral formations, especially those of

an arenaceous nature, shown by our investigations, and the relatively

slow rate at which such deposits are formed along a stable coast, are

matters of importance.

In the present state of things there does not appear to be anything

to account for the enormous thickness of the clastic sediments making
up certain geological formations, unless we consider the exceptional

cases of erosion which are brought into play when a coast is undergoing

constant elevation or subsidence.

Great movements of the land are doubtless necessary for the forma-

tion of thick beds of transported matter like sandstones and conglom-

erates.

In this connection may be noted the fact that in certain regions of the

deep sea no appreciable formation is now taking place ; hence the ab-

sence in the sedimentary series of a layer representing a definite hori-

zon must not always be interpreted as proof either of the emergence of

the bottom of the sea during the corresponding period or of an ulterior

erosion. Arenaceous formations of great thickness require seas of no

great extent and coasts subject to frequent oscillations, which permit

the shores to advance and retire. Along these, through all periods of

the earth's history, the great marine sedimentary x)henomena have

taken place.

The continental geological formations, when compared with marine

deposits of modern seas and oceans, present no analogues to the red

clays, Kadiolarian, Globigerina, Pteropod, and Diatom oozes. On the

other hand, the terrigenous deposits of our lakes, shallow seas, in-

closed seas, and the shores of the continents reveal the equivalents of

our chalks, green sands, sandstones, conglomerates, shales, marls, and

other sedimentary formations. Such formation as certain Tertiary de-

posits of Italy, Kadiolarian earth from liarbadoes, and portions of the
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chalk where Pelagic conditions are indicated nmst bo regarded as hav-

ing been laid down rather along the border of a continent than in a

true oceanic area. On the other hand, the argillaceous and calcareous

rocks recently discovered by Dr. Guppy in the upraised coral islands in

the Solomon group are nearly identical with the Pteropod and Globi-

gerina oozes of the Pacific.

Regions situated similarly to inclosed and shallow seas and the bor-

ders of the present continents appear to have been, throughout all geo-

logical ages, the theater of the greatest and most remarkable changes

;

in short, all, or nearly all, the sedimentary rocks of the continents would

seem to have been built up in areas like those now occupied by the ter-

rigenous deposits, which we may designate the transitional or critical

area of the earth's surface. This area occupies, we estimate, about two-

eighths of the earth's surface, while the continental and abysmal areas

occupy each about three-eighths.

During each era of the earth's history the borders of some lands have
sunk beneath the sea and been covered by marine sediments, while in

other parts the terrigenous deposits have been elevated into dry land,

and have carried with tbem a record of the organisms which flourished

in the sea of the time. In this transitional area there has been through-

out a continuity of geological and biological phenomena.
From these considerations it will be evident that the character of a

deposit is determined much more by distance from the shore of a conti-

nent than by actual depth, and the same would appear to be the case

with respect to the fauna spread over the floor of the present oceans.

Dredgings near the shores of continents, in depths of 1,000, 2,000, or

3,000 fathoms, are more productive both in species and individuals than

dredgings at similar depths several hundred miles seawards. Again,

among the few species dredged in the abysmal areas furthest removed
from land the majority show archaic characters, or belong to groups

which have a wide distribution in time as well as over the floor of the

present oceans. Such are the HexaCtinellida, Brachiopoda, Stalked

Crinoids, and other Echinoderms, &c.

As already mentioned, the transitional area is that which now shows

the greatest variety in respect to biological and physical conditions,

and in past time it has been subject to the most frequent and the great-

est amount of change. The animals now living in this area may be

regarded as the greatly modified descendants of those which have lived

in similar regions in past geological ages, and some of whose ancestors

have been preserved in the sedimentary rocks as fossils. On the other

hand, many of the animals dredged in the abysmal regions are most
probably also the descendants of animals which lived in the shallower

water of former geological periods, but descended into deep water to

escape the severe struggle for existence, which must always have ob-

tained in those depths affected by light, heat, motion, and other condi-

tions. Having found existence possible in the less favorable and deeper

S. Mis. 70 50
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water, they may be regarded as having slowly spread themselves over

the floor of the ocean, but without undergoing great modifications, owing

to the extreme uniformity of the conditions and the absence of competi-

tion.. Or we may suppose that in the depressions which have taken

place near coasts some species have been gradually carried down to

deep water, have accommodated themselves to the new conditions, and

have gradually migrated to the regions far from land. A few species

may thus have migrated to the deep sea during each geological period.

In this way the origin and distribution of the deep-sea fauna in the

present oceans may in some measure be explained. In like manner

the pelagic fauna and flora of the ocean are most probably derived origi-

nally from the shore and shallow water. During each period of the

earth's history a few animals and plants have been carried to sea, and

have ultimately adopted a pelagic mode of life.

Without insisting strongly on the correctness of some of these deduc-

tions and conclusions, we present them for the consideration of natural-

ists and geologists as the result of a long, careful, but as yet incomplete

investigation.
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XXIV.-A CATALOGUE OF THE FISHES KNOWN TO INHABIT THE
WATERS OF NORTH AMERICA, NORTH OF THE TROPIC OF
CANCER, WITH NOTES ON THE SPECIES DISCOVERED IN 1883

AND 1884.

By David Starr Jordan.

The Synopsis of the Fishes of North America, by David S. Jordan
and Charles H. Gilbert (Bulletin United States National Museum No.

16), was finished in September, 1S82, and was issued to the public

about April 1, 1883.

Since the publication of that work an active study of North Ameri-
can fishes has brought to light maDy species not included in the Synop-

sis, and has shown various errors in the nomenclature of species already

known. The additions are chiefly in the Bassalian or deep-sea fauna

of the Atlantic, in the tropical fauna of the Florida Keys, and in the

fresh-water fauna of the lower part of the Mississippi Valley.

It was at first determined to issue these addenda in the form of an-

nual supplements to the Synopsis, but the publication of the supplement

for 1883 having been delayed till January, 1885, it has been thought

best to unite the lists for 1883 and 1884, and to put the matter in the

present form.

I have, therefore, given a list representing the present state of our

knowledge of the fishes found north of the Tropic of Cancer, in American
waters. In all cases where a species is included which is not in the

Synopsis, or in which a name is used in the latter work, different from

that here adopted, I have given an explanation, reference or description

in the form of a foot-note. Species already fully described elsewhere in

publications of the U. S. National Museum are not redescribcd here.

In matters of nomenclature and classification I have followed, in this

list, the arrangement in the Synopsis, unless important reasons for de-

viation have appeared. In such cases I have endeavored to avoid pre-

mature changes, and the substitution of one doubtful opinion for another.

In this list the families, genera, and species are numbered consecu-

tively from the first. These numbers necessarily differ from those in

the Synopsis. The numbers used in that work arc here placed in

parentheses after the names.

[1] 789
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1 have also indicated in a general way the geographical distribution

of each species by the following signs :

B.—Bassalian or deep-sea fauna of the Atlantic.

BC.—Bassalian fauna of the Pacific.

G.—Arctic (Greenland) fauna.

"

N.—Shore fauna of North Atlantic States.

S.—Shore fauna of South Atlantic and Gulf States.

W.—West Indian fauna (including Florida Keys).

P.—Tropical fauna of the Pacific coast (Gulf of California to Ecuador).

C—California shore fauna (Cape Flattery to Cerros Island, &c).

A.—Alaskan shore fauna.

Y.—Alaskan fresh-water fauna (Yukon).

T.—Fresh-water fauna of region west of Sierra Nevada aud Cascade Range (Trans-

montane).

R.—.Fauna of region between Rocky Mountains and Sierra Nevada.

V.—Fresh-water fauna of region east of Rocky Mountains (again subdivided into

Vn, the northern part of this range ; Vs, the southern ; Vsw, the southwestern, &c.)

E.—Europe.

O.—Pelagic species.

Ana.—Anadromous species.

Ace. Accidental visitants.

In this paper I have adopted as the southern boundary of temperate

North America the Tropic of Cancer, or a line connecting Key West with

Brazos Santiago and Cape San Lucas, instead of the conventional Mex-

ican boundary.

Indiana University,

January 1, 1885.



CATALOGUE OF THE FISHES OF NORTH AMERICA.

Class L—LEPTOCARD1L (I)

Order A.—CIRROSTOMI. (A)

Family I.—BKANCHIOSTOMID^F. (!)

1.—BRANCHIOSTOMA Costa. (1)

1. Braiichiostoma lanceolatum Pallas. E. S. C. P. (1)

Class IL—MARSIPOBRANCHIL (II)

Order B.—HYPEROTRETA. (B)

Family IL—MYXINIDJE. (2)

2.—MYXINE Linnaeus. (2)

2. Myxine glutinosa Linnaeus. B. Eu. (2)

Family III.—BDELLOSTGMID^E.

3.—POLISTOTREMA Gill. (3)'

3. Polistotrema dombeyi Miiller. C. (3)

Order C—HYPEROTRETA. (G)

Family IV.—PETROMYZONTID2E. (3)

4.—AMMOCGBTES Dumenl. 1 (3ft.) (4,5)

§ Enfosjjhenus Gill. (3&.) (4,5,6)

4. Ammoccetes tridentatus Gairdner. C. Ana. (4)

1 For discussions of the genera of PelromyzonUdce see Gill (Proc. U. S. Nat. Mus.,

1882, 552) and Jordan & Gilbert (ibid., 1883, 208). Our species fall most naturally into

two groups, which we may call genera. Amviococtes with the discal and peripheral

teeth differentiated, and the supraoral lamina (maxillary tooth) crescentilbrm, and

Petromyson having the discal and peripheral teeth in obliquely decurved continuous

rows, and the supraoral lamina contracted, with 2 or 3 converging teeth. In both

groups are minor modifications, indicative of subgenera, the marine species of each

(marinus, tridentatus) being stronger, with more specialized dentition than the small

iluviatile forms.

[3]
™
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§ Lamjpetra Gray. (3j>t)

5. AmrnoctEtes cibarius 1 Guard. C. Ana. (7)

6. Ammocoetes aureus Bean. A. Aua. (7l>)

§ Ammoccetc8.

7. Ainmocoetes cepypterus 2 Abbott. Vn. (8)

5.-PETROMYZON (Artedi) Linnams. (7)

$ Ichihyomyzon Girard. (G)

8. Petromyzon bdellium 3 Jordan. Vn. (0)

9. Petromyzon hirudo Girard. Vn. (\)b.)

10. Petromyzon castaneus Girard. Vw. (10)

§ Petromyzon. (7)

11. Petromyzon marinus L. N. Eu. Ana. (11)

lib Petromyzon marinus dorsatus Wilder. Ve. (12)

6.—BATHYMYZON ' Gill.

12. Bathymyzon bairdii 5 Gill. B.

Class III.—PISCES.

Subclass Elasmobkanchii.

Order D.—OPISTHARTHRI. 6

Family V.—NOTIDANID^. (15)

7.—HEPTRANCHIAS Ralinesque. (32)

§ Notorhynchus Ayres.

13. Heptranchias maculatus Ayres. C. (42)

8.-HEXANCHUS Ralinesque. (316.)

14. Hesarrchus corinus Jordan & Gilbert. C. (42/j.)

1 The name Petromyzon plumoeus is preoccupied by Shaw, 1805.

s The name Petromyzon niger is preoccupied by Lacdpcdc, 1798. This is probably

the species poorly described by Abbott as Amm. apyptera.

•''The name Petromyzon argenteus is preoccupied by Bloch, 17'.)0. I propose the new
name P. bdellium for this species, as I cannot identify it certainly with Ammocoetes

concolor Kirtland, A. borcalis Ag., or any other nominal species, based on larval forms.

Bathymyzon Gill, Proc. U. S. Nat. Mas., 1883, 254; typo Petromyzon (Bathymyzon\

bairdii Gill. (fiaQvS—deep
;
/.iv^go—to suck.) This genus is said to differ from Petro-

myzon in having " the suproral and infroral plates or lamina; destitute of odontoid,

tubercles, the armature of the lamprey type being obsolescent."

6 Petromyzon {Bathymyzon) bairdii Gill., 1. c. 254, Gulf Stream, latitude 40°, at a depth

of 547 fathoms. The species has not been described, except that it is " closely related

to Petromyzon marinus."
6 The groups called Opistharthri and Proarihri, certainly worthy of ordinal distino*

tion from the other Sharksj are defined by Professor Gill in our Synopsis Fish, N, A<*

967.
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Order E.—PROARTHRI.

Family VI.—OESTKACIIM3. (14)

9.—CESTRACION 1 Cuvicr. (31)

§ Gyroplcurodus Gill.

15. Cestracion fraiicisci Girard. C. (41)

Order F.—SQUALL

Family VIL—SCYMNID^G. (4)

10.—ECHINORHINUS Blainvillo. (8)

16. Echiuorhiuus spinosus Gmeliii. Ace. Eu. (13)

11—SOMNIOSUS Lo Sueur. (9)

17. Somniosus microcephalus Blocli. A. G. Eu. (14)

Family VITL—SPINACID^B. (5)

12.—CENTRQSCYLLIUM Miiller & Heule. (10)

18. Centroscyllium fabricii Reinhardt. G. (15)

13.—SQUALUS (Artedi) Linnams. (11)

19. Squalus acanthias Linnaeus. C. A. G. N. Eu. (16)

14.-CENTROSCYMNUS Bocage & Capello. (12)

20. Centroscymmis ccelolepis Bocage & Capello. B. Eu. (17)

Family IX.—SCYLLIID^. (6)

15.-SCYLLIORHINUS Blainville. (136.)

§ Caiulus Smith. (13&.)

21. Scylliorhinus ventriosus Garman. C. (18&.)

22. Scylliorhinus retifer Garman. B. (18c.)

1 Cestraciox Cuvicr (Regne Animal, type Cestracion philippi Blocli and Schneider)

should perhaps be adopted instead of Heterodontus Blainville, preoccupied in Herpe-
tology as Heterodon. Both words are from erepoi, 66<bv (odovS), and are correctly

written Heterodus or Hcterodon, not Heterodontus. Cestracion is an old name of the
Hammerheaded shark, from ite'tfrpa, a pick-axe, or similar instrument.
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16.—PSEUDOTRIACIS « Capello.

23. Pseudotriacis niicrodon 2 Capello. P. Eu.

17.—GINGLYMOSTOMA MUller &. Henle. (13)

24. Ginglymostoma cirratum Gmelin. W. P. (18)

Family X.—GALEORHINID^. (7)

18.—GALEUS 3 (Rafinesque) Leach. (14)

J Galeus.

25. Galeus lunulatus 4 Jordan &. Gilbert. P.

1 Pseudotriacis Capello. (Pseudotriakis Capello, Join. Sci. Math. Phys. e Nat.

Lisboa, 18G8, 321 ; type Pseudotriakis microdon Capello.)

Body elongate; mouth wide, with a very short labial fold near the angle; snout

depressed; nostrils inferior, not confluent with the mouth; eyes oblong, lateral,

without nictitating membrane ; spiracles well developed behind the eye
;
gill openings

moderate, in advance of pectoral
;
jaws with many rows of very small, tricuspid teeth

;

first, dorsal fin long and low, highest posteriorly, inserted opposite the space between

pectorals and ventrals; second dorsal rather large, larger than aual; vontrals and

pectorals well developed ; no pit at root of caudal ; caudal fin divided by a notch into

a short upper portion and a very low and long lower portion. Skin with minute as-

perities. One species known (WevdoS, false; rpsiauiS, triads).
2 Pseudotriacis microdon Capello, Joru. Sci. Math. &c, Lisboa, 1868, 321; Gunther,

VIII, 395; Bean, Proc. U. S. Nat. Mas., VI, 1883, 147. Two specimens of this spe-

cies are kuown, the typo from Portugal, the second, 10 feet in length, lately taken

at Amagansett, on Long Island. (Bean.)
3Galeus Rafinesque. (.Muselus Cuvier.)

(Rafinesque, Caratteri di alcuni nuovi Generi,1810, 13 : vulpeculus, melaslomus, catu-

lus and mustelns : Galeus Leach, Observ. Genus Squalus of Linnc: 1812, 62, type

Squalus mustelns Leach= AS^. canis Mitchill.)

The name Galeus was first used in binomial nomenclature by Rafinesque, for a

genus thus defined :

"VIII. G. Galeus.—Due spiragli, due ale dorsali, un ala auale, cinque branchie

da ogni lato ; coda diseguale, obliqua.

"Osservazionc. La maggior parti delli Squali degli autori si annoverano in questo

genere, il quale si distingue dal vcro genere Squalus della prezenza di uu ala anale."

Four species are mentioned, rulpeculus : melastomus : catulus and mustelns. Although

the species which the author had in mind was probably Squalus galeus L., it is improper

to assume this species as the type, as no mention is made of it by the author in ques-

tion.

In 1812, Leach proposed a genus Galeus, to include sharks with the anal fin present

and the caudal fin irregular (i. e., not lunate). But one species, Galeus musielus, is

mentioned by Leach. Still later, a subgenus, Galeorhinus, was proposed by Blain-

ville for sharks distinguished from Carcharinus Blainv. (=Carcharias Cuvier), by tho

presence of spiracles. Iu this group are included with others, Squalus musielus and

Squalus galeus of Linnams. Still later (1817), the genera Mustelns, Carcharias, and
Galeus were defined by Cuvier, and with his definition have been accepted by nearly

all later authors.

Tho rules of nomenclature seem to me to require the retention of the genus Galeus

Rafinesque, for the group for which the same name was used by Leach, i e., instead of

Musielus Cuvier.
4 Mnstclus lunulatus Jordan <fc Gilbert, Proc. U. S. Nat. Mus., 1882, 108; Mazatlan,

Mexico.

In this paper is given an analysis of the distinctive characters of tho four North

American species of Galeus:—lunulatus, canis, dorsalis, and californicus.
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26. Galeus canis Mitchill. N. En. (lit)

§ rieuravromylon Gill.

27. Galeus californicus Gill. C.

19.—TRIACIS Miiller & Henle. (15)

§ Triads.

28. Triacis semifasciatus Girard. C. (21)

§ Ikhinotriavis Gill.

29. Triacis henlei Gill. C. (22)

20.—GALEORHINUS Blainville. (16)

30. Galeorhinus zyopterus Jordan &. Gilbert. C. (23)

21.—GALEOCERDO Miiller & Henle. (17)

31. Galeocerdo maculatus 1 Ranzani. W. P. (24)

22.—CARCHARHINUS 2 Blainville. (18, 19, 20, 21)

§ Carcharinus.

32. Carcharhinus glaucus Linnaeus. C. O. Eu. (25)

§ Eulamia Gill.

33. Carcharhinus obscurus Le Sueur. N. (26)

34. Carcharhinus eethalorus 3 Jordan & Gilbert. P.

35. Carcharhinus fronto 4 Jordan & Gilbert. P.

36. Carcharhinus platyodon Poey. W. S. (266.

)

1 Galeus maculatus Ranzani, De Novis Speciebus Pisciuin, Dissert. Prima, 1838, 7;
Galeocerdo maculatus, Poey, Enumeratio Pise. Cubens., 201, 1875. Tbis name has pri-

ority over G. tigrinus Miiller &, Henle.
2 Although Carch arias glaucus was probably the species in mind when Rafinesque

proposed his genus Carcharias, he makes no reference to this species. The only species

actually mentioned by him in connection with the original account of his genus
Carcharias is Odontaspis taurus. The name Carcharias, if used at all, should supersede

Odontaspis. This is the view at first taken by us in the Synopsis Fish. N. A., but after-

wards, in the Addendum, p. 872, changed to follow current usage.

The oldest tenable name of this group is that of Carcharhinus Blainville. I think
it best to regard Eulamia, Aprionodon, Hijpoprion, and Scoliodon as subgenera under
Carcharhinus, rather than as distinct genera.

3 Carcharias aithalorus Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 104; Mazat-
Jan : Pauama.

* Carcharias frpofp Julian & Gilbert, Proc. U. S. Nat. Mus., 1882, 102. Mazatlan.
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37. Carcharliinus caudatus 1 De Kay. N. (27)

38. Carcharhinus lamia2 Risso. W. En.

39. Carcharhinus lamiella Jordan & Gilbert. C. (27b.)

§ Hypoprion Miiller & Hcnle. (196)

40. Carcharhinus brevirostris 3 Poey. W. (28b.)

§ Isogomphodon Gill. (19)

41. Carcharhinus limbatus Miiller &, Henle. W. Ace. (28)

§ Aprionodon Gill.

42. Carcharhinus isodon 4 Miiller & Henle. W. Ace. (129)

§ Scoliodon Mailer & Henle. (21)

43. Carcharhinus longurio 5 Jordan & Gilbert. P.

44. Carcharhinus terrae-novee 6 Richardson. N. S. W. (30)

Family XI.—SPHYRNID^. (8)

23.—SPHYRNA Rafinesque. (22, 23)

§ Beniceps Gill. (22)

45. Sphyrna tiburo Gill. S. W. (31)

1 The name cccruleus is preoccupied in this genus by the Squalus (Carcharinus) cocru-

Icus of Blainville, 1816, a synonym of Carcharhinus glaucus. The name nest in data

is that of Lamva caudata Do Kay, New York Fauna, Fishes, 1842, 354.

2 Carcharhinus lamia. This species is described on page 873, in the Synopsis. It is

abundant in the Mediterranean and in the West Indies, ranging northward to the

Florida Keys, being common about the wharves at Key West. Base of first dorsal

If in interspace between dorsals; base of second, 4f; length of pectoral, about 5 in

length of body.

(Carcharias lamia Rafinesque, Iudice, 1810, 44; name only; Squalus carcharias (in

part?) Cuvier (Regne Animal), and of several authors; not of Linmeus; Carcharias

lamia Risso, Hist. Nat. Europ. Merid., Ill, 119, 182G; Squalus longimanus Pocy, Me-

morial Cuba, II, 338 ; Eulamia longimana Poey, Syn. Pise. Cubcns., 1868, 448 ; Eulamia

lamia Poey, Enum.Pisc. Cubens.,188; Carcharias lamia Jordan, Proc. U. S. Nat. Mus.,

1884, 104 (Key West).)
3 Carcharhinus brevirostris is described in detail by Jordan & Gilbert, Proc. U. S. Nat.

Mus., 1882, 581, and by Jordan op. cit., 1884, 104, from specimens obtained at Charles-

ton and Key West.
4 Carcharhinus isodon, briefly described in the Synopsis (p. 24) as Aprionodon punctaiu8y

is a West Indian species, very lately obtained for the first time on our coast.

(Parker.)
fi Carcharias longurio Jordan & Gilbert, Proc. U.S. Nat. Mus., 18S2, 106; Mazatlan.
6 Specimeus of Scoliodon terra>-novcs, Malthe radiata (cubifions), Scorpwna plwmieri

(bufo), and other fishes of the warm seas, were given by Audubon to Richardson, and

by Richardson described as coming from the waters about Newfoundland. There can

be little doubt that these specimens really came from Southern Florida, in which

region Audubon made extensive collections. The Squalus pmrctatus of Mitchill has

been identified by me with ft tcrrcc-novce, and by Prof. Gill with ft isodon. The name
punctatus is any case preoccupied and cannot be used for either species. Squalus ])unc-

tatus Bloch & Schneider 1801, is a CinglijmQstoma*
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§ Sphyrna.

46. Sphyrna tudes : Cuvier. W. P. Eu.

47. Sphyrna zygaena Linnaeus. N. S. W. C. P. (32)

Family XII.—ALOPIFJXE. (0)

24.-ALOPIAS Rafinesque. (24)

48. Alopias vulpes Gmelin. C. N. Eu. (33)

Family XIII.—ODONTASPIDID^E. (10).

25.—CARCHARIAS 2 Rafinesque. (25)

$ Eugomphodns Gill.

49. Carcharias littoralis Mitcliill. N. (34)

Family XIV.—LAMNIDiE. (11)

26.—ISURUS Rafinesque. (2G)

§ Isuropsis Gill.

50. Isurus dekayi Gill. W. S. (3.
r
> ; 36)

27.—LAMNA Cuvier. (27)

51. Lamna cornubica Gmelin. C. Eu. N. (37)

28.—CARCHARODON Smith. (28)

52. Carcharodon carcharias 3 Linnaeus. C. N. Eu. O. (38)

Family XV.—CETORHINIDiE. (12)

29.—CETORHINUS Blainville. (29)

53. Cetorhinus maximus Gunner. C. N. Eu. O. (39)

1 Sphyrna lades Cuvier. Intermediate iu all respects between S. zygcena and S.

tiburo, the hatmner longer and less produced laterally than in the former. Anterior

margin of the head much curved, but not contiuuous with the lateral edge; length of

hinder margin of one side of the hammer less than its width near the eye. Nostril

close to the eye, its groove longer than in &. tiburo, but very short, continued for but

a short distance along the side of the head, and followed by a line of pores.

A hirge shark, of the warm seas, Gulf of California, West Indies, Mediterranean,

and Indian Ocean.

(Zygoma tudes Cuvier (Regne Animal) ; Sphyrna tudes Miiller & Henle, Plagiost., 53;

Zygcena tudes Giinther, VIII, 382; Sphyrna tudes Jordan & Gilberf, Bull. U. S. Fish

Comm., 1882, 105.)

-Carcharias Rafinesque was established for those sharks, "the most enormous and
most voracious of their order, which differ from the genus Galeus Rafinesque, by
the lack of spiracles." But one species (Carcharias taurus Rafinesque) is mentioned,

and this species, although really possessing spiracles, must be regarded as the type ot

Carcharias. This name should therefore supersede Odoutaspis.

''A good account of this species is given by Dr. W. B. Stevenson, Proc. Vassal

Brothers Sci. Soc, Ponghkeepsie, 1884, and iu American Naturalist for the same
year.
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Family XVL—RHINODONTID^. . (13)

30.—MICRISTODUS Gill. (30)

54. Micristodus ptmctatus Gill. P. (40)

Family XVII.—SQUATINID^. (1C)

31.—SQUATINA Dum&ril. (33)

55. Squatina squatina ' Linnaeus. C. N. Eu. (43)

Order G.—RAL3E. (E)

Family XVin.—PBISTIDIDiE. (17)

32.—PRISTIS. Latham. (34)

56. Pristis pectinatus Latham. W. S. (44)

57. Pristis perrottetii2 Miiller & Henle. P.

Family XIX.—RHINOBATID^. (18)

33.—RHINOBATUS Bloch & Schneider. (35)

§ Rhinobatus.

58. Rhinobatus productus Ayres. C. (45)

59. Rhinobatus glaucostigma3 Jordan & Gilbert. P.

60. Rhinobatus lengtiginosus Garman. W. (45d)

§ Zapieryx. Jordan & Gilbert.

61. Rhinobatus exasperatus Jordan & Gilbert. C. P. (45*)

$ Platyrhinoidis. Garman.

62. Rhinobatus triseriatus Jordan & Gilbert. C. (45c)

'Our reasons for retaining the original specific name, even when identical with the

name of the genus, have been given in full in Proc. U. S. Nat. Mus., 1884, 18. Tho

same view of the case has been adopted by the American Ornithologists' Union.
2 Pristis perrolteti Miiller & Henle. Rostral teeth in 18 or 20 pairs, not trenchant

behind ; distant from one another, the base of each tooth being about one-third the

interspaces. Dorsal fin nearly in advance of ventrals. Root of pectoral in advance

of first gill-opening, its outer angle a right one. Second dorsal not much smaller

than first ; a smaller lower caudal lobe. (Giinther.) Tropical seas, north to Mazatlau,

on the Pacific coast.

(Miiller & Henle, 108; GUnther, VIII, 43G ; Jordan & Gilbert, Bull. U. S. Nat.

Mus., 1882, 105.)

^Rhinobatus glaucostigma Jordan & Gilbert, Proc. U. S. Nat. Mus., 1883, 210.

Mazatlan : Gulf of California.
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Family XX.—RAIIDiE. (20)

34.—RAIA Linnaeus. (37)

63. Raia erinacea Mitchill. N. (48)

64. Raia ocellata Mitchill. N. (49)

65. Raia radiata Donovan. N. Eu. (50)

66. Raia eglanteria Lacdpede. N. (51)

67. Raia ackleyi ornata Garmau. W. B. (53c.)

68. Raia plutonia Garman. W. B. (53c.)

69. Raia granulata Gill. B. (53)

70. Raia parmifera Bean. A. (576.)

71. Raia stellulata Jordan & Gilbert. C. (57)

72. Raia inornata Jordan &. Gilbert. C. (56)

72 b Baia inornata inermis Jordan & Gilbert. C.

73. Raia rhina Jordan & Gilbert. C. A. (55)

74. Raia binoculata Cooper. C.A. (54)

75. Raia laevis Mitchill. N. (52)

Family XXI.—TORPEDINIM3. (19)

35.—TORPEDO Dnmeril. (3G)

76. Torpedo occidentalis Storer. E. (4G)

77. Torpedo californica Ayres. W. (47) .

36.—NARCINE Miiller & Henle. (366.)

78. Narcine brasiliensis Olfers. W. (476.)

78 b Narcine hrasiUensis corallina Garmau. W.
79. Narcine umbrosa x Jordau. W.

Family XXIL—TRYGONIDJ3. (21)

37.—UROLOPHUS Miiller & Henle. (38)

80. Urolophus halleri Cooper. C. P. (58)

81. Urolophus asterias 2 Jordan & Gilbert. P.

38.—PTEROPLATEA Miiller & Henle. (39)

82. Pteroplatea crebripunctata 3 Peters. P.

83. Pteroplatea maclura Le Sueur. S. (59)

84. Pteroplatea marmorata Cooper. C. (60)

1 Narcine umbrosa Jordan, Proc. U. S. Nat. Mus., 1884, 105 ; Key West.
2 Urolophus asterias Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 579; Mazatlan,

Panama.
3Pteroplatea crebripunctata Peters, Monatsber, Beri. Akad, 1869, 703. This species

is very common in the Gulf of California. It is thus described by Dr. Peters

:

Breadth of disk twice the distance from tip of snout to vent. Snout with a blunt

projection ; anterior margin of pectorals undulate, convex anteriorly and posteriorly,

medially weakly concave ; outer angle sharply rounded
;
posterior margins weakly

convex, the posterior angle rounded, covering outer half of base of ventrals ; spiracle

without tentacle ; tail (mutilated) with a low fold on its upper edge. Brown above,

with thick-set black points ; a row of small, close-set yellow spots on front ofdisk
;

under side yellowish.

I have compared specimens of this species with P. maclura and P. marmorata, anil

regard the three as unquestionably distinct, although closely related.
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39.—TRYGON Adanson. (40)

85. Trygon Centura Mitchill. N. (61)

86. Trygon hastata De Kay. S. (62b)

87. Trygon sayi Le Sueur. S. W. (62)

88. Trygon longa 1 Gariuan. P.

89. Trygon dipterura Jordan & Gilbert. C. (63)

90. Trygon tuberculata Lacepede. W. (04)

91. Trygon sabina Le Sueur. S. (G5)

Family XXIII.—MYLIOBATIM3. (22.)

40.—STOASODON Cantor. (41)

92. Stoasodon narinari Euphrasen. S. W. (66)

93. Stoasodon laticeps2 Gill. P.

41.—MYLIOBATIS DunnSril. (42)

94. Myliobatis freminvillei Le Sueur. E. S. (67)

95. Myliobatis californicus Gill. C. (68)

42.—RHINOFTERA Kuhl. (43)

96. Rhinoptera quadriloba Le Sueur. N. (69)

Family XXIV.—CEPHALOPTERIDiE. (23.)

43.—MANTA Bancroft. (44)

97. Manta birostris Walbaum. S. P. W. (70)

Subclass HOLOCEPHALL

Order II.—HOLOCEPHALL (F)

Family XXV.—CHIM^RID^. (24)

44.—CHIMiERA Linnaeus. (45)

\S Chimara.

98. Chimcera affinis Capello.3 B. Eu. (71)

§ Hydrolagus Gill.

99. Chirnaera colliei Bennett. C. A. (72)

1 Trygon longa Carman. This species is described in the Synopsis Fish N. A.
T p. 66,

It is not uncommon along the Pacific coast, from the Gulf of California to Panama.
2 A'ctobatis laticeps Gill, Ann. Lye. Nat. Hist. N. Y., 1665, 137. This species is

abundant from the Gulf of California southward. It has never benn propeidy com-

paied with S. narinari, and may not bo different.

3 Chimwra jilwrnbca and abbreviate Gill.

To the synouymy in the Synopsis (. 54) add: Chimwra affinis Capello, Jorn. Sci.

Math. Phys. e. Nat., Lisboa, IV, 1868, 314, pi. Ill (facing p. 274), ff. 1, la.; Giinther,

VIII, 350; Chimwra abbreviata Gill, Proc. U. S. Nat. Mus., 1883, VI, 254.)

Wo are indebted to Dr. Bean for the information that the Chvmasra plumbca and

Chimwra abbreviata of Dr. Gill are identical with each other and with Ch. affinis.
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Subclass ACTINOPTERI.

Order I.—SELACHOSTOMI. (G

)

Family XXVI.—POLYODOXTID^. (25)

45.—POLYODON Lacepede. (46)

100. Polyodon spathula Walbaum. Vw. (73)

Order J.—GLANIOSTOMI. (H)

Family XXVII.—ACIPENSEKID.E. (20)

46.—ACIPENSER Linnams. (47)

101. Acipenser sturio oxyrhynchus Mitchill. N. Ana. (74).

102. Acipenser transmontanus Richardson. C. A. Ana. (75)

103. Acipenser medirostris Ayres. C.A. Ana. (76)

104. Acipenser rubicundus Le Sueur. Vn. (77)

105. Acipenser brevirostris Lo Sueur. N. S. (78)

47.-SCAPHIRHYNCHOPS Gill. (48)

106. Scaphirhynchops platyrhynchus Rafinesque. Vw. (79)

Order K—GINGLYMODI. 1
(I)

Family XXVIIL—LEPLDOSTEIDiE. (27)

48.-LEPIDOSTEUS Lacdpede. (50)

107. Lepidosteus osseus Linnsus. V. (80)

108. Lepidosteus platystomus Rafinesque. V. (81)

109. Lepidosteus tristcechus 2 Bloch & Schneider. Vs. W. (82)

Order L.—HALECOMORPHI. (J)

Family XXIX.—AMIIDM. (28)

49.—AMIA Linnaeus. (51)

110. Amia calva Linnaeus. V. (83)

1 The word Ginglymodi is from yiyyXvjiibi, hinge, sidoS, like, in allusion to the ball-

and-socket joints of the vertebrae.

2 The subdivisions of Lepidosteus (Cylindrosteus ; Airaciosteus) certainly have no value

higher than specific, and the characters used in distinguishing them are variable and
of slight importance. It is often difficult to distinguish L. platystomus, even specific-

ally, from L. tristcechus. Specimens from Cuba (tristcechus) are not distinguishable

from others from Florida (spatula).

S. Mis. 70 51
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Order M.--NEMATOGNATHI. (K)

Family XXX.—SlLUEIDiE. (29)

50.—NOTURUS Rafinesque. (52)

§ Schilbcodes Bleeker.

111. Noturus gyrinus Mitchill. Vn. (84)

112. Noturus leptacanthus Jordan. Vs. (65)

113. Noturus nocturnus 1 Jordan & Gilbert. Vw.

114. Noturus funebris 2 Gilbert <fc Swain. Vs.

115. Noturus latifrons "> Gilbert &, Swain. Vc.

116. Noturus miurus 4 Jordan. V. (86, 87)

117. Noturus exilis 6 Nelson. Vw. (88)

110. Noturus insignis Richardson. Ve. (89)

§ Noturus.

119. Noturus flavus Rafinesque. Vw. (90)

51.—LEPTOPS Rafinesque. (53)

120. Leptops olivaris Rafinesque. V. (91)

52.—GRONIAS Cope. (54)

121. Gronias nigrilabris Cope. Ve. (92)

53.—AMIURUS Rafinesque. (55)

122. Arniurus brunneus Jordan. Vse. (93)

123. Arniurus platycephalus Girard. Vse. (94)

124. Arniurus melas 6 Rafinesque. Vw. (95,96)

125. Arniurus nebulosus 7 Le Sueur. V. (98)

125 b. Arniurus nebulosus catulus 8 Girard. Vsw.

1 Noturus nocttirnus Jordan & Gilbert, Proc. U. S. Nat. Mus., 1885. Arkansas to

Texas.
2 Noturus funcbris Gilbert & Swain, Proc. U. S. Nat. Mus., 1885. Northern Ala-

bama.
3 Noturus latifrons Gilbert & Swain, Proc. U. S. Nafc. Mus., 1885. White River,

Indiana.
4 Noturus eleutherus seems to bo inseparable from Noturus miurus.

!> Noturus elassochir Swain & Kalb (Proc. U. S. Nat. Mus., 1882, 639) seems to mo

identical with Noturus exilis. I regard the latter as distinct from N. insignis. For a

detailed review of the genus Noturus, see Swain & Kalb, loo til.

r, Tlie species called in the Synopsis Arniurus xantlwcephalus seems to bo not distinct

from A. melas. Arniurus cragini Gilbert, Bull. Washburn Lab. Nat. Hist., 18S4, 1,10,

from Kansas, is identical with Arniurus obesus Gill, which I regard as the original melaa

of Rafinesque. Arniurus brachyacanthus Cope is probably the same species. The chief

characters by wbich A. melas is distinguished from A. nebulosus are tbo much shorter

pectoral spines and sborter anal fin of the former.

7 The original Silurus catus L. was certainly not this species, or any other Nortb

American siluroid. Tbo oldest tenable specilic name for this species is that of nebulo-

sus Lo Sueur.
8 The typo of Pimelodus catulus Girard should be referred to A. nebulosus ratber than

to^4. melas. It represents a slight variety of A, melas occurring in the lower Mississippi

Valley and Texas.
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125c Amiurus nebulosus marmoratus} Holbrook. Vs. (97)

126. Amiurus vulgaris Thompson. Vn. (99)

127. Amiurus natalis Lo Sueur. V. (100)

127b. Amiurus natalis lividus Rafinesque. V.

127c. Amiurus natalis bolli Cope. Vsw. (1006.)

128. Amiurus erebennus 2 Jordan. Vso. (101)

129. Amiurus albidus 3 Le Sueur. Ve, (102,103)

130. Amiurus lupus Girard. Vsw. (104)

131. Amiurus niveiventris Cope. Vse. (105)

132. Amiurus nigricans Le Sueur. Vw. (106)

133. Amiurus ponderosus 4 Beau. Vw. (107)

54.—ICTALURUS 5 Rafinesque. (56)

13 4. Ictalurus punctatus Rafinesque. V. (108)

135. Ictalurus furcatus Cuv. & Val. Vsw. (109)

55.-GALEICHTHYS " Cuv. & Val. (57)

§ Arius Cuv. & Val.

136. Galeichthys guatemalensis 7 Giinther. P.

137. Galeichthys seemanni 8 Giinther. P.

1 Amiurus marmoratus represents apparently a color variety only of Amiurus nebulo-

sus. It inhabits grassy waters southward.
2 Professor Cope describes (Proc. Ac. Nat. Sci., Phila., 1883, 133) a catfish from Bats-

toe River, New Jersey, as a new species, under the name of Amiurus prosthistius. Ex-

cept that the caudal fin is said to bo rounded rather than truncate, this species agrees

with A. erebennus, with which species wo think that it will prove identical. Great-

est width of head equal to depth of body ; eye small, 5 in intcrorbital width ; dorsal

spine inserted much nearer tip of snout than adipose fin; pectoral spines a little

larger than dorsal spine; maxillary barbel reaching middle of pectoral spine; hu-

meral process extending a little farther; black, whitish below ; tins black
;
pectoral

and ventral pale at base ; head, 3$ ; depth, 4£. D. I. G. A. 24 to 27. Batstoo River,

New Jersey. (Cope.)
3 Amiurus lophius Cope seems to bo the adult form of A. albidits.

4 Amiurus ponderosus is perhaps the adult form of J. nigricans. The type of the for-

mer species has 35 anal rays. We have counted 25,27, 28, and 32 anal rays in four

individuals of A. nigricans.

6 It is probably better, if the genus Amiurus is to be retained as distinct from Icta-

lurus, to refer to it all the transitional species having the tail forked and the bony

bridge, from occiput to dorsal not quite continuous. It is true that this latter char-

acter is largely one of degree, but still there is a positive difference between I. punc-

tatus and furcatus and the fork-tailed Amiuri.

6 Galeichthys Cuvicr & Valenciennes.

Arius (C. & V.); Ilcxancmatichllnjs, Guirilinga, Bemiarius, Ccphalocassis, Nctuma, and

Fseudarius Bleekev ; Notarius, Ariopsis, and Lepiarius GUI ; Sciadarius and Bagropsis

Kner ; Cathorops Jor. & Gilb.).

(Cuvier & Valencienes, Hist. Nat. Poiss., XV., 29, 1840; type Galeichthys feliceps

C. & V.).

The genus Arius, distinguished from Galeichthys by having the nuchal shield

("occipital process ") not covered by thick skin, cannot well be separated from Arius,

as in several species {dasycephalus, brandti &c.) this character is simply sexual. For a

full account of the species of this genus, found on the west coast of America, seo

Jordan & Gilbert, Bull. U. S. Fish Comrn., 1882, 34.

7 Arius guatemalensis Giinther, V. 18C4, 145; Jordan & Gilbert, Bull. 'J. S. Fish

Comm., 1882,48; Mazatlau to Panama.
8 Arms seemanni Giinther, V. 147 ; Arius assimilis Jordan & Gilbert, Bull. U. S. Fish

Cornm,,, 1882. 47 (not A, assimilis Giinther); Mazatlau to Panama.
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138. Galeichthys felis Linnaeus. N. S. (110,111)

139. Galeichthys platypogon l Giintlier. P.

140. Galeichthys brandti 2 Steindachner. P.

56.—iELURICHTHYS Baird & Girard. (58)

141. .Mlurichthys marinus Mitcliill. S. (112)

142. iElurichthys panamensis 3 Gill. P.

143. iElurichthys pinnimaculatus 4 Steiudachner. P.

Order N.—EVENTOGNATHI. (L)

Family XXXI.—CATOSTOMIM3. (30)

57.—ICTIOBUS Rafinesque. (59, 60, 61)

§ Sclerognathus Cuv. & Val. (59)

144. Ictiobus cyprinella Cuv. & Val. Vw. (113)

§ Ictiobus. (60)

145. Ictiobus urus Agassiz. Vw. (114)

146. Ictiobus bubalus Rafmcsquc. Vw. (115)

§ Carpiodcs Rafinesque. (61)

147. Ictiobus carpio 5 Rafinesque. Vw. (116)

148. Ictiobus velifer fi Rafinesque. Vw. (120)

148 b. Ictiobus velifer bison Agassiz. Vw. (119)

148 c. Ictiobus velifer tumidus Baird &, Girard. wV. (117)

1 Arius platypogon Giintlier, V. 147 ; Jordan & Gilbert, Bull. U. S. Fish Conim., 18S2,

44 ; Mazatlan to Panama.

-Arius brandti Steindachner, Ichethyol, Beitr., IV, 21,1875; Jordan & Gilbert,

Bull. U. S. Fish Comm., 1882, 39; Mazatlan to Panama,
3 MluricMhy8 panamensis Gill. Proc. Ac. Nat. Sci., Pliila., 1863, 172 =^Slurichthy8 n»-

chalis Giintlier, V, 179, I860= Mlurichthys panamensis Jordan & Gilbert. Bull. U. S.

Fish Comm., 1882, 35; Mazatlan to Panama.
* Mlurichthys pivnimaculatus Steindachner, Ichtb., Beitr., IV, 15, 1875, Jordan &

Gilbert, Bull. U. S. Fish Comm., 1882, 34; Mazatlan to Panama,
B This species is very distinct from the others referred to Carpiodes. Its body is

almost fusiform, the depth about 3 times in length, the head 4$, and the first ray

of the dorsal not more than half the length of the base of the fin.

'Excepting i". carpio, all the other specimens of Carpiodes which I have examined

fro 1 points wfst of the Allegheny Mountains seem to me to belong to a single ex-

tremely variable or polymorphous species, I. velifer. As varieties, wo may perhaps

reepginize tumidus (=grayi), witb high back and small eye; bison (=damalis), with

large eye, moderate fins, and snout little obtuse ; velifer, with snout little obtuse, and

the dorsal fin very high, and difformis, with very blunt snout, large eye, and very

high tins. These forms, however, appear to intergrade perfectly.
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148 d. Ictiobus velifer difformis Cope. Vw. (121)

149. Ictiobus cyprinua ' Le Sueur. Ve.

58—CYCLEPTUS Rafinesquo. (G2)

150. Cycleptus elongatus Le Sueur. Vw. (122)

59.—PANTOSTEUS Cope. (03)

151. Pantosteus plebeius2 Baird & Girard. R. (123, 124, 125)

152. Pautosteusgenerosus 3 Girard. R. (120,127)

153. Pantosteus guzmaniensis 4 Girard. R. (1'28)

60.—CATOSTOMUS Le Sueur. (04)

154. Catostomus araeopus Jordan. T. (134)

155. Catostomus clarki5 Baird & Girard. R. (144)

156. Catostomus discobolus Cope. R. (129)

157. Catostomus latipinnis Baird & Girard. R. (130)

158 Catostomus nebulifer Garinan. R. (130c.)

159. Catostomus retropinnis Jordan. R. (130)

160. Catostomus catostomus 6 Forster. Vn. Y. (132)

161. Catostomus tahoensis Gill & Jordan. R. (133)

162. Catostomus labiatus Ayres. T. (133)

163. Catostomus macrochilus Girard. T. (13G)

164. Catostomus occidentalis Ayres. T. (137)

1 All the specimens of Carpiodes from east of the Allegheny Mountains examined

by me belong to a species closely related to I. velifer, but with the opercle nearly

smooth, instead of strongly striate, as in the western species. In the eastern form, 7.

cuprinus, the eye is quite small, the body rather deep, and the dorsal fin rather high.

2 Pantosteus bardus and delphiruis are almost certainly identical with P. plebeius. The

type of the latter species has the scales 90-30, less crowded forwards than in P. genero-

su8; those before the dorsal much less reduced in size. Dorsal rays, 9 ; head,4f; depth,

5 ; snout moderately broad, projecting ; fins much lower than in P. guzmaniensis.

3 Pantosteus platyrhynchus is based on shriveled specimens of P. generosus.

4 The type of Catostomus guzmaniensis, lately examined by me, is a Pantosteus, and I

am unable to distinguish it from the type of P. virescens on comparison of the two

specimens. Lat. 1. 100 in guzmaniensis. Scales before dorsal, 40 to 53 ; fins high.

r
' The type of Catostomus clarlci, lately found, belongs to a species very closely related

to C. arceopus, having the restricted fontanelle and cartilaginous lips of the latter

species, but with the scales less crowded anteriorly, there being but 23 in a line before

the dorsal instead of 42, as in C. arceopus. D. 11 ; lat. 1. 70. C. discobolus, C. araopus,

and C. clarki mark a transition from Catostomus toward Pantosteus.

Called in the text, Catostomus longirostris. The form described by Mr. Mather

under the name of Catostomus nanomyzon should apparently be referred to this species.

Brown ; male with a red lateral band in the breeding season ; head slender, flat-

tened above ; the snout shorter than in C. catostomus ; lips thick, the lower with 3

or 4 rows of tubercles ; eye large, 4 in head, L} in snout. Scales smaller anteriorly,

but little crowded; dorsal higher than long; pectorals reaching front of dorsal;

head, 4 ; depth, 5; D. 1, 10; A. 7; V. 9 ; scales, 14-99-.11 ; L. (spawning specimens)

4£ inches. Big Moose Lake, Adirondack region. Apparently a dwarfed brook variety

of C. catostomus, but inhabiting the same region and spawning at a much smaller size.

(Mather.) (Catostomus nanomyzon, Twelfth Rept. Survey Adirondack Region, 1-84,

36.)
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165. Catostornus bernardini ' Girard. T. (138)

166. Catostornus ardens Jordan & Gilbert. R. (139)

167. Catostornus fecundus Copo & Yarrow. R. (140)

168. Catostornus cypho Lockington. R. (141)

169. Catostornus insignis 3 Raird & Girard. E. (142)

170. Catostornus teres3 Mitchill. R. (143)

61.—HYPENTELIUM 4 Rafinesque.

171. Hypentelinni nigricans Le Sueur. Vw. (145)

62.—CHASMISTES Jordan, (G5)

172. Chasmistes liorus Jordan. R. (14G)

173. Chasmistes brevirostris Copo T. (147)

174. Chasmistes luxatus Cope. T. (148)

175. Chasmistes cnjus 5 Cope. R.

1 The type of Catostornus oernardini is closely related to C. occidentalis, differing

chiefly in the less conic form of the head and in the larger lower fins. Scales much
crowded forwards ; 31 before the dorsal (40 in C. occidentalis), 75 in the lateral line.

Fontanello large ; lips broad, without cartilaginous sheath, formed as in C. occidentalis,

the lower deeply incised ; fins high, the dorsal longer than high, with 12 rays ; caudal

lobes equal ; head 4
J- in length.

• Catostornus insignia (typo lately found) is closely related to C. teres, differing chiefly

in the broader upper lip, which has several rows of tubercles upon it. Fontanello

rather small ; no cartilaginous sheath on lower lips ; scales considerably crowded
anteriorly, much more so than in C. clarlci; 27 scales before dorsal; 5(5 in lateral line.

D. 11.

3 Called in the text, Catostornus commersoni. Although the Cyprinus commersoni of

Laedpede is probably a sucker and may be this species, there is no certainty in so

identifying it, the description being very imperfect and the type said to have been

observed by Commerson in tho East Indies; a statement apparently derived from a

confusion of manuscripts of Commerson with those of Bosc. We think it better to

retain for this species the later name of teres, concerning which no doubt exists. To
this species apparently should bo referred the small "Juno sucker" of the Adiron-

dacks, described by Mather as Catostornus utawana. Olivaceous, white below; males

without red in tho breeding season ; body slender ; head not small, flattened above
;

snout little prominent ; upper lip with two rows of papilla} ; eye 4 in head ; 2 in snout;

dorsal as long as high; pectorals nearly reaching front of dorsal ; head 4; D. 1,11;

A. 5 ; V. 9. Scales 9-67-8 ; length of adult 4£ inches. Blue Mountain Lakes, Adiron-

dack region. (Mather.) Apparently a mountain race of C. teres. (Mather. Twelfth

Rept., Survey Adirondack Region, N. Y., 35.)

"This small lish I was at first disposed to consider as a dwarfed mountain form of

C. commersoni, but tho fact that tho latter fish is found in waters inhabited by this

species, and while it grows to a length of 12 or more inches there, this little sucker

barely reaches five. Added to this the fact that the larger species had finished spawn-
ing in the inlets in May, while this lish was found in masses in the swift mountain

streams which tumble rapidly over rocks in tho latter part of June, depositing their

eggs, thereby showing that they are adult fish." (Mather.)
4 In viow of the peculiar form of the cranium in Catostornus nigricans, contrasting

with that seen in all the other Catostominw, it is probably well to regard it as tho typo

of a distinct genus, Hypcntclium Rafinesque.
6 Chasmistes cujus Cope. Couia.

Palo olive; head broad and flat; upper lip very thin ; lower lip represented by
folds on each side, which do not connect around the symphysis ; eye 8-J in head ; in-
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63.—ERIMYZON Jordan. (66)

176. Eriniyzon sucetta 1 Lace"pede. Vs. (150)

176 b. Erimyzon sucetta oblongus Mitcliill. Vn. (149)

64.—MINYTREMA Jordan. (67)

177. Minytrema melanops Rafinesque. Vw. (151)

65.—MOXOSTOMA Rafinesque. (68)

178. Moxostoma papillosum Cope. Vse. (152)

179. Moxostoma velatuni Cope. Vw. (153)

180. Moxostoma pidiense Cope. Vse. (155)

181. Moxostoma coregonus Cope. Vse. (15G)

182. Moxostoma album Cope. Vse. (157)

183. Moxostoma thalassinum Cope. Vse. (158)

184. Moxostoma valenciennesi 3 Jordan. Vn. (159)

185. Moxostoma macrolepidotum Lo Sueur. Ve. (160)

185 b. Moxostoma macrolepidotum duqucsnei Lo Sueur. Vw.
186. Moxostoma aureolum 3 Lo Sueur. Vn. (161)

187. Moxostoma crassilabre Cope. Vse. (162)

188. Moxostoma congestum 4 Cope. Vsw. (166)

terorbital spaco 4•£ ; air-Madder with two cells; D. 12; A. 1, 8; scales, 13-65-11.

Pyramid Lake, Nevada ; in deep water. {Cope.) (Chasmistcs cvjus Cope, Proc. Ac.

Nat. Sci., Phila., 1883, 149.)

This paper " On the Fishes of the Recent and Pliocene Lakes of the Western Part

of the Great Basin and of tbc Idaho Pliocene Lake" contains an important discussion

of the fish fauna of Nevada, Oregon, and Idaho, with description of numerous fossil

forma not long extinct and closely allied to recent Cyprinidce and Catostomidce.

1 The two forms of Erimyzon described in the Synopsis as E. sucetta and E. goodei seem

to ho geographical varieties of one species, southern specimens Laving the scales con-

siderably larger and more regularly arranged than in northern ones. To the south-

ern form belong the typical examples of Moxostoma Icennerlyi Girard and Erimyzon

goodei Jordan. Specimens of this form have been examined by me, from streams of

South Carolina, Georgia, Florida, Alabama, Louisiana, Illinois, and Texas. From
Alabama, Louisiana, and Illinois I have seen specimens more or less distinctly inter-

mediate, while from Virginia to Indian Territory (types M. claviforrnis) and north-

ward only the small-scaled form occurs. It is probable that the original description

of Cat. sucetta Lac. belongs to the southern form {Icennerlyi = goodei). The northern

form may then retaiu Mitchill's name, oblongus.

2 Moxostoma valenciennesi Jordan, Proc. U. S. Nat. Mus., 1885= Catoslomus earpio

C. & V., not of Raf.
3 I now omit from the list, Moxostoma bucco Cope, based on the young of some species,

probably of M. aureolum.
4 1 have recently found the types of Catostomus congestus and Ptychosiomus albidus.

They belong to the same species, a species shown by the late explorations of Jor-

dau & Gilbert in Texas, to be very abundant in the waters of that State. The typo

of P. albidus has 44 scales in the lateral line instead of 56 as shown in Girard's figure.

The specimens from Ash Creek, Arizona, referred with doubt to this species by Copo

& Yarrow (Lieutenant Wheeler's Expl. Zoology, V. 680, 1876) belong apparently to M.

congestum. The following account is taken from specimens taken by us in Lampasas

River, at Beltou, Tex. :

General form of M. aureolum, rather robust, moderately compressed, the back some-

what elevated. Head comparatively short, rather broad above and pointed anteriorly

;
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189. Moxostonia conus Cope. Vse. (103)

190. Moxostoma anisurum Rafinesque. Vw. (1G4)

191. Moxostoma pcecilururn Jordan. Vsw. (165)

192. Moxostoma cervinum Cope. Vse. (1G7)

66.-PLACOPHARYNX Cope. (69)

193. Placopharynx carinatus Cope. 1 Vw. (168)

67.—QUASSILABIA Jordan & Braytou. (70)

194. Quassilabia lacera Jordan & Brayton. Vw. (169)

Family XXXIL—CYPKLNTD.E. (31)

68.—CAMPOSTOMA Agassiz. (71)

195. Campostoma ornatum - Girard. Vsw. (170)

196. Campostoma anomalum Rafinesque. Vw. (171)

196b. Campostoma anomalum prolixum Storer. Ve. (172)

197. Campostoma formosulum 3 Girard. Vsw. (173)

69.—OXYGENEUM Forbes.

198. Oxygeneum pulverulentum 4 Forbes. Vw.

70.—ACROCHILUS Agassiz. (72)

199. Acrochilus alutaceus Agassiz & Pickering. T. (174)

71.—ORTHODON Girard. (73)

200. Orthodon microlepidotus Ayres. T. (175)

72.—LAVINIA Girard. (74)

201. Lavinia exilicauda Baird & Girard. T. (176)

73.—CHROSOMUS Rafinesque. (75)

202. Chrosomus erythrogaster Rafinesque. V. (177, 179)

203. Chrosomus oreas 5 Cope. Ve. (178)

74.—ZOPHENDUM Jordan. (76)

204. Zophendum siderium Cope. R. (180)

205. Zophendum plumbeum Girard. Vsw. (181)

the snout a little projecting, mouth rather small, the lower lip full, formed as in M.
aureolum ; eye small, about 5 in head; dorsal fin unusually low and small, little

elevated in front, its first ray, when depressed, reaching about to the middle of the

last ray ; caudal not deeply forked, the lobes equal ; lower fins moderate.

Smoky yellowish-brown above, yellowish-silvery below ; lower fins whitish; none

of the fins red in life; the membranes of the dorsal always dusky. Head 4£ to 4f

;

depth 4 ; D. 12 ; scales (5-45-5 ; teeth as in M. aureolum. Streams of Texas to Arizona.
1 Professor Gilbert thinks that this species may be the original Moxostoma anisurum

of Rafinesque.

-The types of Campostoma ornatum have 73 scales in the lateral line. Those of C.

nasutum agree in all respects with the ordinary C. anomalum.
3 The types of Campostoma formosulum have 46 scales in the lateral Hue.
4 Oxygeneum pulverulentum Forbes, Bull. Ills. Lab. Nat. Hist., 1885, 136. Peoria, Ills.

f Chrosomus oreas in a doubtful species, which I have not yet examined. C. cos is

doubtless indentieal with C. erythrogaster.
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75.—DIONDA 1 Girard. (77 pt.)

206. Dionda melanops Girarcl. Vsw. (189)

207. Dionda punctifera Garman. Vsw. (1886.)

208. Dionda fluviatilis Girard. Vsw. (188)

209. Dionda amara Girard. Vsw. (183)

210. Dionda episcopa 2 Girard. Vsw. (184,187)

211. Dionda serena 3 Girard. Vsw. (185)

212. Dionda uubila 4 Forbes. Vw. (206)

213. Dionda (?) haematura 5 Cope. Vn. ('204)

76.—HYBOGNATHUS Agassiz. (78)

214. Hybognathus meeki" Jordan & Gilbert. Vw.

215. Hybognathus argyritis 7 Girard. Vnw.
216. Hybognathus nuchalis 8 Agassiz. V. (182)

216 b. Hybognathus nuchalis placita 9 Girard. Vw. (186)

1 The genus Dionda may perhaps be recognized as distinct from Hybognathus. Its

teeth are shorter than those of Hybognathus, and more or less distinctly hooked. The

species are small in size and mostly dusky in coloration, being especially character-

istic of the Rio Grande region.

- Dionda episcopa Girard, Dionda texensis Girard, Dionda argentosa Girard (types of

these three examined by us)= Hybognathus flavipinnis Copo. Fairly described in the

Synopsis under the name of Hybognathusflavipinnis. The number of scales in the lateral

line is about 37 in the types of episcopa and argentosa, 37 to 39 in texensis, and 41 in

flavipinnis. The anterior suborbitals are of moderate width in D. episcopa, about as

in Hybognathus nuchalis.

3 Dionda serena Girard = Dionda chrysilis Grd. = Hybognathus nigrotwniaius Cope.

Fairly described in the Synopsis under the latter name. The eye is smaller in serena

than in episcopa, and the scales are larger (34 in the typo of D. serena).

* Described in the Synopsis, page 1G7, as Cliolanubila. The species belongs, how-

ever, to Dionda, as has been already noticed by Professor Forbes. D. 7iubila is very

close to D. episcopa, but from the specimens compared it appears to differ from the

latter in the more pointed snout and in the larger mouth, the cleft of the mouth form-

ing about one-fourth the leugth of the head, instead of one-lifth, as in D. episcopa.

°A doubtful species, unknown to me. The description points rather to this genus

or Cliola, than to Notropis.

' Hybognathus meelci Jordan & Gilbert, Proc. U. S. Nat. Mus., 1885. Ozark region of

Missouri and Arkansas; abundant.
7 The types of Hybognathus argyritis from the Upper Missouri belong to a species

distinct from H. nuchalis, and are distinct from the species heretofore called H. argyritis

by different authors. The suborbitals in H. argyritis are broad, as in H. nuchalis and

H. placita, the anterior being about twice as long as deep ; the mouth is larger than

in the other species, its cleft extending nearly to the eye; the jaws subecpnal, the

lower being acutish at tip. The species is known only from the Upper Missouri and

the Red River of the North. Hybognathus evansi Girard is possibly the same, but the

types are lost and the description is too brief for identification. It is more likely H.

nuchajlis.

8 This species ranges from New Jersey to South Carolina, Texas, and Dakota. H.

osmerinus and H. regius being indistinguishable from it. It has the suborbitals broad,

the mouth small, the lower jaw short, blunt, and subhorizontal, and the eye largo,

about 4 in head.
s' Hybognathus placita, now known from the Arkansas and Missouri Rivers, is closely

related to H. nuchalis, but has the eye smaller, about 5 in head, the snout depressed

and rather blunt ; mouth very small.
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216c. Hybognathus nuchalis regia Girard. Vse.

217. Hybognathus hayi 1 Jordan. Vs. (1826.)

77.—PIMEPHALES 3 Rafinesque. (78,79,80)

218. Pimephales promelas 3 Rafinesque. V. (190,101)

218b. Pimephales promelas confertus Girard. Vnw. (192)

219. Pimephales notatus 4 Rafinesque. V. (193, 194)

78.—EXOGLOSSUM Rafinesque. (81)

220. Exoglossum maxillingua Lc Sueur. Ve. (195)

79.—COCHLOGNATHUS Baird & Girard. (82)

221. Cochlognathus ornatus Baird & Girard. Vsw. (196)

222. Cochlognathus biguttatus Cope. Vsw. (197)

80.—CLIOLA Girard. (84 pt.)

223. Cliola vigilax fi Baird & Girard. Vw. (202,203,215)

81.—NOTROPIS 7 Rafinesque. (83,84,85)

$ Hemitremia. (83)

224. Notropis bifrenatus Cope Ve. (199)

225. Notropis maculatus Hay. Vs. (200)

226. Notropis heterodon 8 Cope. Vn. (201)

1 Hybognathus hayi Jordan, Proc. U. S. Nat. Mus., 1884. Streams of Alabama,
Mississippi, and the Lower Mississippi Valley. This species is correctly distinguished

from H. nuchalis in the Synopsis, p. 968., under the erroneous name of IT. argyrilis.

The species was first observed by Professor Hay.
The genus Hyborhynchus is not distinct from Pimephales, the character of the lat-

eral lino being subject to many variations in P. promelas.

*Coliscus parietalis is, in my opinion, tho youug of Pimephales promelas. Hybo-
rhynchus confertus is scarcely distinguishable from P. promelas, western specimens,

Illinois to Texas, having tho lateral lino often complete, although usually more or

loss broken or irregular.
4 Hyborhynchus supcrciliosus is not distinct from Pimephales notatus. The skin at tho

angle of the mouth is thickened and produced in the males, but there is no true

barbel.

-Cliola Girard (type Cliola vigilax) = Hypargyrus Forbes, Proc. U. S. Nat. Mus.,

1884, 200 (typo Hybopsis tuditanus Cope), may he regarded as a genus distinct from
Notropis, having the short intestines, curved teeth, and other characters of Notropis,

with the separated first dorsal ray, and the general appearance of Pimephales notatus.
6 Cliola vigilax B. & G. = CUola vclox Girard= Cliola vivax Girard —Hybopsis tuditanus

Cope =Alburnops taurocephalus Hay. This widely-diffused and -abundant species is

described in detail by Professor Gilbert, Proc. U. S. Nat. Mus., 1884,200, under tha

name of Hypargyrus tuditanus.

7 1 find it impossible to maintain the distinctions given in tho Synopsis, of Hemi-
tremia, Cliola and Minnilus. I therefore follow Professor Gilbert (Proc. U. S. Nat.

Mus., 1884,201) in uniting all these little fishes in a single genus, JVotrojns, tho latter

generic nanio being tho earliest applied to any of the group.
8 Hemitremia vitlata is hero omitted. The species is perhaps not distinct from AT.

bifrenatus or N. heterodon. In any case the name vittatus is preoccupied in Notrojns.

The number of teeth, 4-5, assigned to H. vittata by Professor Cope is probably an acci-

dental variation or an error of observation. In some specimens, which as yet we
are unable to separate from N. heterodon, the lateral line is complete, and tho teeth

2, 4-4,2. Seo Gilbert, Proc. U. S. Nat. Mus., 1884, 207.
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\J
Alburnops Girard.

227. Notropis anogenus 1 Forbes. Vw.
228. Notropis spectrunculus Cope. Vs. (205)

229. Notropis illecebrosus 3 Girarcl. Vw.
230. Notropis? fretensis 3 Cope. Vn. (207)

231. Notropis longirostris Hay. Vs. (208)

232. Notropis nitidus 4 Girard. Vsw.

233. Notropis deliciosus 5 Girard. Vw. (213)

233 b. Notropis deliciosus slramineus Cope. Ve. (209)

233 c. Notropis deliciosus longiceps Cope. Ve. (211)

233 d. Notropis deliciosus volucellus Cope. Vn. (210)

234. Notropis procne Cope. Ve. (214)

235. Notropis gilberti 6 Jordan. Vw.

1 Notropis anogenus Forbes. Bull. 111. Lab. Nat. Hist., 1885, 138. Fox R., Ills.

2 For description of this species see Proc. U. S. Nat. Mus., 1885. The original types

of N. illecebrosus closely resemble those of N. blennius, differing especially in the

form of the anterior suborbital which is in this species very narrow. The snout is

less convex than in N. blcnnius. Abundant in Western Arkansas. We are unable to

find Girard's type of Alburnops shumardi, and regard that species as doubtfully a syn-

onym of A. illecebrosus.

3A doubtful species, unknown to me.

*Moniana nitida Girard, Proc. Ac. Nat. ScL, Phila., 1856, 201, eroncously referred, in

the Synopsis (p. 175), to the synonymy of Notropis deliciosus. From the latter species

Girard's types differ mainly in the larger, more oblique, and less inferior mouth. The

following description is from the original type, from Cadereita, Nuevo Leon:

Head, 3f ; depth, of; D. 8; A. 7; scales, 5-32-4. Body, stout, rather deep; eye,

smallish, 3£ in head; about equal to' snout, and about >, less that interorbital

area, which is quite flat; margin of upper lip on level with pupil; mouth rather

large, oblique ; snout little pointed; maxillary reaching slightly past vertical from

front of orbit, its length about 3J in head; lower jaw shorter than upper, included

when the mouth is closed; origin of dorsal slightly nearer tip of snout than base of

caudal; about 12 scales in front of dorsal; tips of rays of dorsal all coterminous

when the fin is deflexed ; length of longest ray of dorsal 1A in head; base of fin

scarcely 2 in head; anal similar to dorsal ; longest, ray 2 in head; base, 3 in head;

pectorals reaching f distance to ventrals, If in head ; ventrals reaching £ distance

to anal, If in head; teeth, 4-4, little hooked; color, brownish, a faint silvery band

along sides, little wider than diameter of eye, a very small faint dark spot at base of

caudal ; tins all plain. Two specimens from Cadereita.

"'The types of Moniana dcliciosa Girard, Proc. Acad. Nat. Sci. Pbila., 1856, 199, are

identical with the species described in the Synopsis as Cliola missuriensis. This form

differs from N. stramineus Cope only in the somewhat greater size of the scales, there

being 32 to 35 in the lateral line in deliciosus, 34 to 38 in N. stramineus. The latter, in

our view, represents a slight variety found from Wisconsin to Tennessee, the true

deliciosus ranging from Iowa to Texas.

Uubojisis longiceps Cope, from Virginia, appears also to represent a slight variety of

N. deliciosus, with a more distinct dark lateral stripe, a rather longer prcorbital region

and slightly higher fins. Cope's type had the scales 5-33-2. A specimen from Fair-

fax, Va., has hit. 1. 3G. The identification of Rafincsque's Hinnilua microstomus is too

uncertain to warrant the use of his name.

Hubopsis volucellus Cope is unknown to me. It will probably prove to represent a

variety of A", deliciosus with rather higher fins than usual.

^ Notropis gilbcrti Jordan & Meek, Proc. U. S. Nat. Mus. 1684. It is abundant with

N. deliciosus in the streams of Iowa, Kansas, and Missouri. From the latter it is readily

distinguished by the smaller eyo and soiled coloration.
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236. Notropis scylla Cope. Vw. (212)

237. Notropis uocomis 1 Jordan & Gilbert. Vsw.

238. Notropis phenacobius - Forbes. Vw.
239. Notropis chlorus Jordan. Vnw. (21G)

240. Notropis comalis 3 Jordan & Gilbert. Vsw.
241. Notropis piptolepis 4 Cope. (256)

242. Notropis topeka 5 Gilbert. V.

243. Notropis boops c Gilbert. V.

244. Notropis blennius 7 Girard. V. (275)

245. Notropis sirnus Cope. Vsw. (218)

§ Hudsonius Girard.

246. Notropis hudsonius 8 Clinton. Vne. (221)

246 b. Notropis hudsonius amarus Girard. Vse. (219.220,222)

§ Codoma Girard

247. Notropis ornatus Girard. Vsw. (220)

§ Montana Girard.

248. Notropis leoninus 9 Girard. Vsw. (230)

249. Notropis lutrensis 10 Baird & Girard. Vw. (223, 224, 228, 229, 231, 238, 240)

1 Notropis nocomis Jordan & Gilbert, Proc. U. S. Nat. Mus. 1885. Rio Comal, Texas.
2 Notropis phenacobi us Forbes, Bull. Ills. Lab. Nat. Hist., 1885, 1.17. Peoria, Ills.

3 Notropis comalis Jordan & Gilbert, Proc. U. S.Nat. Mus., 1885. Rio Comal, Texas.
4 Photogenis piptolepis Cope. Cope's description is repeated in tbo Synopsis, p. 183,

under tbe erroneous name of CUola zonata (Ag.). Agassiz's species is a very different

one, allied to N. coccogenis.

5 CUola topelca Gilbert, Bull. Washburn, Lab. Nat. Hist. Kas., 1884, I, 13; descrip-

tion reproduced, Proc. U. S. Nat. Mus., 1884 Western Iowa and Kansas. Tbe male
of tbis species is bright red in life.

6 Notropis hoops Gilbert, Proc. U. S. Nat. Mus., 1884,201. Indiana to Missouri.
7 Alburnops blennius Girard, Proc.Ac. Nat. Sci. Pbila., 185G, 194. Tbis species closely

resembles N. illeccbrosus, but its suborbital bones are very much broader tban iu tbe

latter species, and its anterior profile is more decurved. One of Girard's types bas tbo

tectb 1, 4-4, 0. Arkansas River at Fort Smith.
8 Clupea Jiudsonia Clinton, Ann. Lye. N. H. N. Y., 1824 = Hudsonius fluviatilis Girard,

Proc. Ac. Nat. Sci. Pbila., 185G, 210 = Luxilus selenc Jordan, Bull. U. S. Nat. Mus. X.

GO, 1877. Great Lakes and streams eastward as far south as the Susquehanna. South-

ward (Maryland to Georgia) it is replaced by tbe subspecies amarus, wliicb, as stated

in tbe text, differs only in having tbe teeth 1, 4-4, or 1, instead of 2, 4-4, 2 or 1, as

in tbe typical hudsonius. Alburnops saludanus Jordan & Bray ton, _ and Hudsonius

euryopa Bean seem to bo simply color variations of amarus. Iiutilus storerianua Kirt-

Jand bas been incorrectly identified with N. amarus, it being a species, of iHybopsis,

(= Ceratichthya lucens Jordan).
9 Montana leonina, complanata, amlfrigida Girard. Of these nominal species I have

found the types of M. friqida only. These seem to represent a species distinct from

N. lutrensis, having the caudal peduncle more elongate, and 37 scales in the lateral

line.

10 Leuciscus lutrensis Baird & Girard = Hypsilepis iris Cope = Montana jugalis Cope=
Montana gibbosa Girard = Cyprinella forbesi Jordan—Montanapulchella Girard= Mon-
ana couchi Girard == Montana gracilis Girard = Montana ltvtal)ilis Grd. = Montana rutila

Grd. = Cyprinella billingsiana Copo= ? Cyprinclla suavis Girard.

Examination of the original types of the above nominal species, and of thousands
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250. Notropis proserpiua ' Girard. Vsw. (233)

251. Notropis formosus Girard. Vsw. (234)

252. Notropis callisema Jordan. Vse. (227)

§ Cyprinella, Girard.

253. Notropis bubalinus 2 Baird & Girard. Vw. (235,236, 337)

254. Notropis lepidus Girard. Vw. (239)

255. Notropis ludibundus Girard. Vw. (242)

256. Notropis garmani 3 Jordan. Vsw. (2366.)

257. Notropis macrostomus Girard. Vsw. (241)

258. Notropis notatus * Girard. Vsw. (243)

259. Notropis venustus Girard. Vsw. (244)

260. Notropis cercostigma 6 Cope. Vsw. (276)

260b. j\
T
otro})is cercostigma sligmaturus Jordan. Vs. (245,253)

261. Notropis whipplei 6 Girard. Vn. (246,247)

262. Notropis galacturus Cope. Vs. (248)

263. Notropis camurus 7 Jordan & Meek. Vw.
264. Notropis eurystomus Jordan. Vse. (249)

265. Notropis niveus Cope. Vse. (250)

266. Notropis callistius Jordan. Vs. (251)

267. Notropis trichroistius Jordan & Gilbert. Vs. (252)

268. Notropis cceruleus Jordan. Vs. (254)

269. Notropis chloristius Jordan & Brayton. Vse. (255)

270. Notropis xaenurus Jordan. Vse. (257)

271. Notropis pyrrliomelas Cope. Vse. (258)

272. Notropis hypselopterus Giiuther. Vs. (259)

of specimens collected by the writer in different streams from Iowa to Southern

Texas have convinced me that all belong to a single species, variable in depth of

body according to sex and circumstances, but otherwise very constant.

1 Montana proserpina Girard, Proc. Ac. Nat. Sci. Phila., 1856, 199. This species is

well separated from the others with which Dr. Girard has associated it, and seems

,o bo the same as his Moniana aurata.

2 Leuciscus bubalinus Baird & Girard = Cyprinella umbrosa Girard= Cyprinella gun-

tisoni Girard. The types of C. umbrosa have 32 scales in the lateral line ; those of C.

junnisoni 34 ; the latter are young examples of the same species.

"'Cyprinella rubripinna Garman, Bull. Mus. Comp. Zool., 1881, VIII, 91. Tho name

rubripinna (fubripinnis) is twice preoccupied in the genus Notropis, as here understood.

4 Cyprinella noiata Girard. This is apparently a valid species, very close to N.

cercostigma, but with larger scales (34) and a much fainter caudal spot. Specimens

irom Austin, Tex., agree fairly with Girard' s types, which are in very bad condition.

r' Cyprinella cercostigma Cope= Luxilus chickasavensis Hay — Cliola urostigma Jordan

& Meek, Proc. U. S. Nat. Mus., 1884, 475. Specimens examined from Pearl River,

Mississippi, and from nearly all the rivers of Texas from the Red to tho Nueces. In all

these specimens the number of scales in tho lateral line is 37 to 39, while in specimens

from tho Alabama Basin (Etowah, Coosa, Alabama, Black Warrior) the number is from

42 to 44. I regard these as an Eastern variety, stigmaiurus (Photogenis sligmaturus

Jordan = Cyprinella calliura Jordan). Excepting the size of the scales and the more

orange coloration of the fins in the var. cercostigma, I can detect no constant difference.

11 1 cannot distinguish N. analostanus from N. ivhipplei. Arkansas specimens have

the body usually a little more elongate, but aro not otherwise different.

7 Cliola camura Jordan & Meek, Proc. U. S. Nat. Mus., 1884, 474. Arkansas Basin,

Colorado to Missouri.
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§ Luxilus Raiinesquo.

273. Notropis megalops 1 Rafmesque. Vn. (2G0, 272)

273b. Notropis megalops frontalis Agassiz. Vn.

273c. Notropis megalops cyaneus Cope. Ve.

274. Notropis coccogenis Cope. Vse. (262)

275. Notropis zonatus 2 Agassiz. Vw.
276. Notropis zonistius Jordan. Vse. (263)

§ Hydroplilox 3 Jordan & Brayton.

277. Notropis roseus Jordan. Vs. (264)

278. Notropis rubricroceus Cope. Vse. (265)

279. Notropis lutipinnis Jordan & Brayton. Vse. (266)

280. Notropis chlorocephalus Cope. Vse. (267)

281. Notropis chiliticus Cope. Vse. (268)

282. Notropis chalybeeus Cope. Vo. (269)

283. Notropis chrosomus Jordan. Vs. (270)

284. Notropis xaenocephalus Jordan. Vs. (271)

285. Notropis lacertosus Cope. Vs. (273)

286. Notropis ariommus i Cope. Ve. (277)

287. Notropis scabriceps Cope. Vw. (278)

288. Notropis jejunus Forbes. Vw. (279)

289. Notropis leuciodus Cope. Vs. (280)

290. Notropis spilurus 6 Gilbert & Swain. Vs.

291. Notropis altipinnis Cope. Vs. (281)

292. Notropis amabilis Girard. Vsw. (282)

293. Notropis socius Girard. Vsw. (283)

294. Notropis swaini ,J Jordan & Gilbert. Vsw.

295. Notropis ? bivittatus Cope. Vw. (284)

$ Lythrurus Jordan.

296. Notropis ardens 7 Cope. Vs. (289)

296b. Notropis ardens lythrurus Jordan. Vn. (288)

296 c. Notropis ardens atripes Jordan. Vw. (287)

296 d. Notropis ardens cyanocephalus Copeland. Vn. (286)

1 Cyprinus megalops Rafincsquc, Amer. Monthly Magazine and Crit. Review, 1, 121,

December, 1817= Cyprinus cornutus Mitchill, Amer. Monthly Mag., II, 324, February,

1818. The name of Rafmesque has, therefore, priority.

Uybopsis plumbeolus Cope seems to have been based on a young specimen of this

species.

"Alburnus zonatus Agassiz, Bull. Mus. Comp. Zool.,1, 9, 1863. Abundant in the Ozark

region of Missouri and Arkansas: a beautiful species, closely allied to N. coccogenis,

but with smaller mouth and different coloration. For detailed description see Jordan

& Gilbert, Proc. U. S. Nat. Mus., 1885.

nAs the typical species of Alburnops Girard (blennius) has the teeth 1, 4-4, 0, the namo
llydroph lox may bo adopted for this section, while Alburnops should supersede Miniellus.

* Notropis spilurus Gilbert & Swain, Proc. U. S. Nat. Mus., 1885. Northern Alabama.
•' Alburnellus megalops Girard. The name megalops is preoccupied in this genus. For

a description of this abundant species, see Jordan, Proc. U. S. Nat. Mus., 1885.

15 1 now regard the forms called in the Synopsis, diplamius (Minnilus diplcemius Auct.

(not Semolilus diplcemius Rafmesque)= Notropis lythrurus Jordan, Proc. U. S. Nat. Mus.,

1884, 476), alripcs, cyanocephalus, aud ardens as varieties of a single species, of which

the oldest tenable specific namo is that of ardens Cope.
7 Alburnellus umbralilis Girard—Minnilus nigripinnis Gilbert, Bull. Washb. Lab. N. H.,

1, 1884, 14—Luxilus lucidus Girard=? Notropis macrolepidotus Forbes. Bull. Ills. Lab.

Nat. Hist., 1885. 138. Iowa to Arkansas, very abundant. See Jordan & Gilbert,

Proc. U. S. Nat. Mus., 1885.
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297. Notropis umbratilis ! Girard. Vw. (296,416)

298. Notropis punctulatus Hay. Vs. (290)

299. Notropis roseipinnis 2 Hay. Vs. (291)

300. Notropis bellus Hay. Vs. (292)

301. Notropis matutinus Cope. Vse. (293)

302. Notropis lirus 3 Jordan. Vs. (294)

303. Notropis metallicus Jordan & Meok. Vse.

§ Notropis.

304. Notropis scepticus Jordan & Gilbert. Vse. (297)

305. Notropis photogenis Cope. Vse. (298)

306. Notropis telescopus Cope. Vs. (299)

307. Notropis stilbius Jordan. Vs. (300)

308. Notropis atherinoides 4 Rafinesque. Vn. (302)

309. Notropis dilectus 5 Girard. Vw. (295, 303, 305)

310. Notropis rubrifrons" Cope. Vn. (301,304)

311. Notropis micropteryx Cope. Vw. (306)

§ Protoporus 7 Cope. (80)

312. Notropis ? domnirms Cope. E. (307)

313. Notropis ? timpanogensis Cope. R. (285)

82.—ERICYMBA Cope. (87)

314. Ericymba buccata Cope. Ve. (308)

83.—PHENACOBIUS Cope. (88)

315. Phenacobius teretulus Cope. Ve. (309)

316. Fhenacobius mirabilis Girard. Vw. (310,310ft.)

317. Phenacobius catastomus Jordan. Vs. (311)

318. Phenaoobius uranops Cope. Vs. (312)

84.—TIAROGA Girard.

319. Tiaroga cobitis Girard. R. (217)

85.—RHINICHTHYS Agassiz. (89)

320. Rhinichthys cataractas 8 Cuv. & Val. Vn. (313)

320 b. Rhinichthys caiaractw dulcis Girard. Vw. (314)

1 Notropis roseipinnis Hay, noin. sp. nov., for Minnilu$ rubripinnis Hay. The name
rubripinnis is preoccupied in this genus. Argyreus rubrijnnnis Heckcl = Notropis me-

galops.

3Notropis alabamw Jordan & Meek, Proc. U. S. Nat. Mus., 1884, 476-. seems to he

identical with Notropis lirus, which again is doubtfully distinct from N. matutinus.
3 Notropis r.ietallicus Jordan & Meek, Proc. U. S. Nat. Mus., 1884,475. Allamaha

(Suwannee) River, Georgia.
4 Notropis atherinoides Rafinesque =Alburnu8 rubcllus Agassiz =t Miunilus dinemus

Rafinesque. The synonymy of this and related species is at present in much con-

fusion.

°Tlie types of Albnrnellus jemczanus are shriveled and distorted. I am unable to

see how they differ from N. dilectus.

Albnrnellus percobromus Cope seems to he indistinguishable from N. rubrifrons.

7 The genus Protoporus is extremely doubtful, both the species referred to it being

probably the young of Squalius or Phoxinus.
8 Examination of large numbers of specimens of Rhinichthys from various parts of

tho United States has convinced me that not more than two distinct species can bo
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320 c. lihinichtliys cataraclcc iransmonlanus Copo. R. (315)

321. Rhinichthys atronasus Mitcbill. Vn. (810, 317)

86.—AGOSIA Girard. (90)

§ Agosia.

322. Agosia chrysogaster Girard. R. (318)

323. Agosia metallica Girard. R. (319)

324. Agosia novemradiata 1 Cope. R.

§ Apocope Cope. (91)

325. Agosia carringtoni Cope. R. (320)

326. Agosia nubila 2 Girard. R. (321,322,323,324)

327. Agosia oscula 3 Girard. R. (325)

87.— HYBOPSIS 4 Agassiz (92)

§ Nocomis Girard.

328. Hybopsis biguttatus' Kirtland. V. (325, 327)

§ Hybopsis.

329. Hybopsis cumiugi Giinther. T. ? (329)

330. Hybopsis storerianus 11 Kirtland. Vw. (330)

recoguized. E. fransmonianus represents a tangiblo variety, occurring west of the

Rocky Mountains and having a greater number of scales below the lateral line than

I have ever seen iu It..cataractCB. Eh. dulcis has the snout shorter and blunter than

usual in cataractce, projecting little beyond the mouth. Garman's review of this genus

(Science Observer, 1881, 57) seems to me worse than useless.

1 Agosia novemradiata Cope, Proc. Ac. Nat. Sci. Phila., 1883, 141. Silvery, dusted

with smoky above and marked on sides with several rows of dusky spots; bases of

lower fins and upper lip red; head elongate, especially the muzzle, which projects

a little; eye 41 in head, 1| in muzzle, and in interorbital width ; dorsal inserted be-

hind ventrals ; caudal peduncle ratber deep ; head 4 ; depth 5; D. always 1, 9 ; A. 1,

7; scales 11-60-11. Weber River, at Echo, Utah. (Cope.)
2 On comparison of many examples, including the original types oi Apocope nubila,

vulncrata, and heushavii, I am unable to appreciate any permanent specific distinctions.

The genus Apocope is scarcely distinct from Agosia.
3 Argyreus osculus Girard= Argyrcus notabilis Girard= Apocope venlricosa Cope. This

species differs from A. nubila chiefly in the much smaller size of the scales. The orig-

inal type of A. osculus has 90 scales in the lateral lino, which is nearly complete.
4 There is little doubt of the identity of Hybopsis gracilis Agassiz with Ceratichthya

amblops. The name Hybopsis is therefore prior both to Nocomis and Ceratichthys as the

designation of this genus.
5 Ceratichthys micropogon Cope is probably based on an abnormal individual of H.

biguttatus.

6 Eutilus storerianus Kirtland= Ceratichthys lucens Jordan. By a curious mistake,

Kirtland's species has been confounded by several recent writers with Notropis amarus,

a species similar in appearance but lacking barbels. This handsome species reaches

a length of 10 inches and is abundant in the lakes aud river channels of the Missis-

sippi Valley and the lake region. The teeth are usually 1, 4-4, 0.
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331. Hybopsis amblops Rafinesque. Vw. (331)

331b. Hybopsis amblops rubri/rons Jordan. Vso. (332)

332. Hybopsis hypsinotus Cope. Vse. (333)

§ Erinemus Jordan.

333. Hybopsis dissimilis Kirtland. Vn. (334)

334. Hybopsis monachus Cope. Vs. (340)

335. Hybopsis zanemus Jordan & Brayton. Vse. (339)

336. Hybopsis labrosus Cope. Vse. (338)

337. Hybopsis hyostomus ] Gilbert. Vw.
338. Hybopsis montanus 2 Meek. Vw.

339. Hybopsis marconis 3 Jordan & Gilbert. Vsw.

340. Hybopsis aestivalis 4 Girard. Vsw. (335, 336)

341. Hybopsis gelidus 5 Girard. Vnw. (337)

88.—COUESIUS Jordan. (93)

342. Couesius squamilentus Cope. Vnw. (341)

343. Couesius dissimilis'1 Girard. Vnw. (342.)

344. Couesius plunibeus 7 Agassiz. Vn. (343)

345. Couesius physignathus Cope. Vnw. (344)

89.—PLATYGOBIO Gill.

346. Platygobio gracilis s Richardson. Vnw. (345,340)

90.—SEMQTILUS Rafinesque. (95)

347. Semotilus atromaculatus 9 Mitcbill. V. (347)

348. Semotilus thoreauianus Jordan. Vs. (348)

349. Semotilus bullaris Rafinesque. Vne. (349)

1 Nocomis hyostomus Gilbert, Proc. U. S. Nat. Mus, 1884, 203. Indiana, Iowa, to Ten-

nessee ; not raro in river channels.
2 Hybopsis montanus Meek, Proc. U. S. Nat. Mus, 1884. Upper Missouri region.

3 Hybopsis marconis Jordan & Gilbert, Proc. U. S. Nat. Mus., 1885. Rio Sau Mar-

cos, Texas.

*Gobio aestivalis Girard= Ceratichtliys sterletus Cope. This species is allied to H.

hyostomus, but has a much smaller eye ; 4 to 4^ in head.
6 Hybopsis gelidus is very pale in color, nearly or quite immaculate. The lower lobe

of the caudal is dusky ; the eye is small, 4 in head ; and the scales aro smaller than

in related species, there being 44 in the lateral line. The barbel in. these small fishes

(H. gelidus; aestivalis; hyostomus; zanemus; montanas ; marconis, ) is much more de-

veloped than in any other of the American Cyprinidce.

The description in the Synopsis, of Couesius dissimilis is somewhat confused with

that of C. plumbeus.

From the latter species C. dissimilis differs in the larger scales (GO instead of 68), the

more decurved lateral line, and the more robust body. Mouth oblique, subterminal,

resembling that of Semotilus. It is thus far known only from the Upper Missouri re-

gion.
7 Gobio plumbeus Agassiz= iVbco mis milneri Jordan=Ceraticldhy8 prosthemius Cope.

Adirondack region, northwest to Manitoba.
S I am uuable to distinguish Platygobio pallidas, by the description, from Platygobio

gracilis.

9 The original Cyprinus corporalis of Mitcbill is Semotilus bullaris. This species must

therefore stand as Semotilus atromaculatus.

S. Mis. 70 52
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91.—POGONICHTHYS Girard. (90, 97)

350. Pogonichthys inacrolepidotus 1 Ayres. T. (350,351)

92.—STYPODON Garman. (97&.)

351. Stypodon signifer Garinan. R. (352)

93.—MYLOCHILUS Agassiz. (98)

352. Mylochilus caurinus Richardson. T. (353)

94.—MYLOPHARODON Ayres. (99)

353. Mylopharodon conocephalus Baird & Girard. T. (225)

95.—PTYCHOCHILUS Agassiz. (100)

354. Ptychocliilus oregonensis Richardson. T. (355)

355. Ptychocliilus rapax- Girard. T. (356)

356. Ptychocliilus harfordi Jordan & Gilbert. T. (357)

357. Ptychocliilus lucius Girard. T. (358)

96.—GILA Baird & Girard. (101)

358. Gila elegans Baird & Girard. R. (359)

359. Gila robusta Baird & Girard. R. (360)

360. Gila grahami Baird & Girard. R. (361)

361. Gila affinis Abbott, R. (362)

362. Gila gracilis Baird & Girard. R. (363)

363. Gila emorii Baird & Girard. R. (364)

364. Gila nacrea Cope. R. (365)

365. Gila semimida Cope & Yarrow. R. (366)

97.—PHOXINUS 3 Agassiz. (102, 103)

§ Clinostomus Girard.

366. Phoxinus elongatus Kirtland. Vn. (367)

367. Phoxinus vandoisulus Cnv. & Val. Vc. (368)

368. Phoxinus estor Jordan & Brayton. Vs. (369)

369. Phoxinus funduloides Girard. Ve. (370)

$ Tigoma Girard.

370. Phoxinus hydrophlox Cope. R. (371)

371. Phoxinus taenia Cope. R. (372)

372. Phoxinus montanus Cope. R. (373)

373. Phoxinus humboldti Girard. R. (374)

1 The typo of Pogonichthys (Synunctrimis) argyriosus is a young specimen of Pogonich-

thys macrolepidotus.

2Tbo chief character in which the single known example of P. rapax differs from /'.

oregonensis is in the small size of the scales before the dorsal fin, there being 49 iu /'.

rapax and about 42 in P. oregonensis.

^The character of the imperfection of the lateral line, which alone distinguishes

Phoxinus from Squalius, as understood in the Synopsis, is of such slight importance

and subject to such variations that I think best to merge the two groups in one.

The namo Phoxinus seems to have priority.
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374. Phoxinus galtiae > Cope. R.

375 Phoxinus cruoreus Jordan & Gilbert. R. (375)

376. Phoxinus ardesiacus Cope. R. (376)

377. Phoxinus pandora Cope. R. (377)

378. Phoxinus margaritus Cope. Ve. (378)

379. Phoxinus gula Cope. R. (379)

380. Phoxinus pulcher Girarcl. R. (380)

381. Phoxinus egregius Girard. R. (381)

382. Phoxinus lineatus Girard. R. (382)

383. Phoxinus gracilis Girard. R. (383)

384. Phoxinus conformis Girard. T. (384)

385. Phoxinus bicolor Girard. T. (385)

386. Phoxinus obesus Girard. R. (386)

387. Phoxinus purpureus Girard. R. (387)

388. Phoxinus pulchellus Baird & Girard. R. (:J88)

389. Phoxinus intermedius Girard. R. (389)

390. Phoxinus alicias Jouy. R. (390)

391. Phoxinus copei Jordan & Gilbert. R. (391)

392. Phoxinus niger Cope. R. (392)

393. Phoxinus conspersus Garnian. R. (393)

$ Siboma Girard.

394. Phoxinus crassicauda- Baird & Girard. T. (394)

$ Squalius Bonaparte.

395. Phoxinus atrarius 3 Girard. R. (395,397)

396. Phoxinus squaniatus Gill. (396)

397. Phoxinus crassus Girard. T. (398)

§ Cheonda Girard.

398. Phoxinus cceruleus Girard. T. (399)

399. Phoxinus cooperi Girard. T. (400)

400. Phoxinus nigrescens 4 Girard. R. (401)

401. Phoxinus modestus Garman. R. (402)

§ Phoxinus. (103)

402. Phoxinus neogceus Cope. Vn. (403)

403. Phoxinus flammeus Jordan & Gilbert. Vs. (404)

404. Phoxinus milnerianus Cope. Vuw. (405)

405. Phoxinus phlegethontis Cope. R. (406)

1 Squalius galtiae Cope, Proc. Ac. Nat. Sci. Phila., 1883, 148. Olive above as far as a

plumbeous band which extends from the operculum to baso of caudal. Below this

line, sides and belly silver, except a broad baud of crimson from the gill opening to

front of anal ; side of head with a dusky band. Dorsal inserted a little behind front

of ventrals; muzzle short; mouth oblique, without prominent chin, the end of the

maxillary reaching a little beyond front of orbit. Interorbital region gently and

regularly convex as wide as eye. Head, 4 ; depth, 4£; eye, 3 in head ; D. 1, 8 ; A (prob-

ably) 8, scales 12-60-5; teeth 1, 4-5, 1, without grinding surface. Pyramid Lake,

Nevada; abundant. (Cope.)
3 The earlier name, Lenciscus gibbosus Ayres, is preoccupied by Leuciscus gibbosus

Storer.

3 I have no doubt that Squalius rhomalcus Jordan & Gilbert is the adult form of

P. atrarius. P. squaniatus is, perhaps, also the same species. Several of the species

of Phoxinus here admitted are of very doubtful A'alidity.

4 Tigoma nigrescens Girard= Squalius lemmoni Rosa Smith, Proc. Cal. Ac. Sci., 1883.

P. modestus is perhaps also tins species.
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98.—ALGANSEA1 Girard. (104)

406. Algansea obesa Girard. R. (408)

407. Algansea symmetrica 3 Baird & Girard. T. (409)

408. Algansea bicolor Girard. T. (410)

409. Algansea parovaria 3 Cope. R. (411)

410. Algansea thalassina 4 Cope.

411. Algansea antica Cope. Vsw. (412)

412. Algansea olivacea 5 Cope. R.

413. Algansea dimidiata 6 Cope. R.

§ Siphaleles Cope.

414. Algansea vittata 7 Cope. R.

l Leucos Heckel (preoccupied) = Algansea Girard — Mylolatcus Cope. Professor

Cope (Proc. Ac. Nat. Sci. Phila., 1883, 142) recognizes Mylolcucus arid Leucus as distinct

genera ; the former with teeth 4-5
; the latter 5-5. Besides these, he proposes a third

genus, Siplmteles {I.e. 146), haviug the teeth 5-5, with grinding surface, and the lat-

eral line incomplete. Such minute subdivision seems to me undesirable.
2 Pogoniclithys symmetricus Baird & Girard (Proc. Ac. Nat. Sci. Phila., 1854,136)=:

Algansea formosa Girard {I. c. 1856, 183). The original type of P. symmetricus has the

teeth 4-5, the maxillary without barbel, the head 4 iu length, the depth 4i. Scales

9-53-6. I cannot distinguish it from Algansea formosa.
3 Professor Cope regards Myloleucus parovanus as distinct from Algansea bicolor. It

is described as follows :

Translucent, with a plumbeous lateral band ; ventrals and pectoral, dusky ; dor-

sal and caudal shaded with dark ; body, rather stout ; muzzle, short, conical ; mouth,
very broad, the maxillary reaching front of orbit

;
profile, gently arched; eye, large,

3 in head, equal to interorbital width
;
pectorals reaching little more than halfway

to ventrals; the latter just to vent. Head, 31 ; depth, \\. D. 1,9; A. 1,8. Scales,

10-48-5. Teeth, 4-5. L., 12 inches {Cope). Beaver River, Utah; Gooso Lake and
Klamath Lake, Oregon ; abundant.

{Myloleucus parovanus Cope, Proc. Am. Phil. Soc. Phila., 1874, 136; Cope & Yarrow,

Zool. Wheeler Son, V. 669, 1876 ; Cope, Proc. Ac. Nat. Sci. Phila., 1883, 143.)
4 Myloleucus lhalassinus Cope. Slenderer than M. parovanus, and the color a light

translucent green, quite unlike the heavy olivaceous of the latter. Head, 3|; depth,

A\. A. 1, 9. Scales, 9-46-4. Teeth, 4-5. L., 6 inches. One specimen known, from

Goose Lake, Oregon. {Cope, Proc. Ac. Nat. Sci. Phila., 1883, 143.)

B Leucus olivaceus Cope. Dusky olive ; the belly silvery ; no lateral baud ; bus

dusky; body fusiform, compressed; head narrowed to the muzzle, the mouth open-

ing obliquely forwards and upwards; maxillary concealed in the closed mouth, its tip

extending a little beyond front of eye. Eye \\ in snout, If in interorbital space, 5 in

head, middle of front flat, its edges sloping to the superciliary border. Head, 3$;

depth 4. A. 1, 8. Scales, 13-58-7. Teeth, 5-5, sharp edged. L.,lfoot. Pyramid Lake,

Nevada; very abundant. {Leucus olivaceus Cope. Proc. Ac. Nat. Sci. Phila., 1883,

145.)

6 Leucus dimidiatus Cope. Light brown above, becoming plumbeous lower, the belly

pure silver-white. Eye equal to interorbital width, 3^ in head, a little more than

p3Dgth of muzzle. Mouth oblique, the maxillary reaching front of eye. Ventral a lit-

tle behind front of dorsal. Head, 4 ; depth 4-i. A. 1, 8. Scales, 14-65-8. Teeth, 5-5.

L., 4 inches. Pyramid Lake, Nevada; very abundant.

{Leucus dimidiatus Cope, Proc. Ac. Nat. Sci. Phila., 1883, 14(>.)

7 Siphatelcs vittatus Cope. Brownish above, belly and sides silvery; a straight lat-

eral band of lead-color interrupted at base of caudal by a vertical band of straw-

yellow, which has a dark posterior edge. Lateral lino very imperfect. Eye, 3 in

head, a little less than interorbital width. Mouth oblique, the maxillary not quite

reaching front of eye. Ventral fins beneath anterior part of dorsal. Head 4 ; depth,
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99.—OPSOPCEODUS ' Hay. (105,106)

415. Opsopceodus emilias Hay. Vs. (413,414)

100.—LUXILINUS- Jordan, (gen.nov.).

416. Luxilinus occidentalis Baird & Girard. T. (418)

101.—NOTEMIGONUS Rafinesque. (107)

417. Notemigonus gardoneus Cuv. & Val. Vse. (415)

418. Notemigonus chrysoleucus 3 Mitchill. Vn. (417)

418 b. Notemigonus chrysoleucus bosci Cuv. & Val. Vse. (419)

102.—RICHARDSONIUS Girard. (108)

419. Richardsonius balteatus Richardsou. T. (421)

420. Richardsonius lateralis Girard. T. (422)

103 —LEPIDOMEDA Cope. (109)

421. Lepidomeda vittata Cope. R. (423)

422. Lepidomeda jarrovii Cope. R. (424)

104.—MEDA 4 Girard. (110, 111)

423. Meda fulgida Girard. R. (425)

424. Meda argentissima Cope. R. (426)

4i. D. 1, 8; A. 1, 8. Scales, 11-55-5. Teeth, 5-5, with well developed grinding sur-

face. L., 3 inches. Pyramid Lake, Nevada. (Cope, Proc. Ac. Nat. Sci. Phila., 1883,

146.)

' The genus Trychero&on should he suppressed, its typical species, T. megalops, heing

identical with Opsopceodus emilice.

2 Luxilinus Jordan.

(Genus nova : typo Ltucilus occidentalis B. and G.) Ventral edge of moderate width ;

scaled over and not at all carinated; otherwise essentially as in Notemigonus. Gill

rakers slender, of moderate length. Teeth 5-5 with entire edges and well developed

grinding surface, their tips little hooked. Intestines of the short type, hut longer

than in most related genera. Anal hasis elongate. (Name, a diminutive of Luxilus;

from lux, light.)

3 Specimens from Virginia, South Carolina, Georgia, and Florida (var. bosci) have

43 to 50 scales in the lateral line, and 15 to 17 rays in the anal fin. Specimens from

various northern and western localities, Nova Scotia to Maryland, Louisiana, and
Dakota (var. chi'ysoleucus) have 46 to 51 scales in the lateral line, and 12 to 14 anal

rays. I regard the two forms as geographical varieties of one species. The name
Cyprinus americanus is preoccupied, having heen first given to a Menticirrus.

4 The types of Meda fulgida, lately found hy me, have the teeth 2, 5-5, 2, not 1,4-4,

1, as slated hy Girard. The genus Meda is therefore identical with Plagopterus. The
small harhel mentioned hy Cope as a character of Plagopterus, I am unahle to find

either in Meda or Plagopterus.

Meda fulgida is closely allied to Meda argentissima, hut has the eye a little larger,

the snout shorter, the lower jaw more prominent. In form, size, coloration, and tin

rays the two agree fully.
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Family XXXIIL—CHABACIXLD^. (32)

105.—TETRAGONOPTERUS Cuvier. (114)

§ Astyanax Baird & Girard.

425. Tetragonopterus argentatus Baird & Girard. Vsw. (429)

Order O.—ISOSPONDYLI. (M)

Family XXXIV.—ALEPQCEPHALID2E. (33)

106—ALEPOCEPHAIiUS Risso. (115)

426. Alepocephalus bairdii Goodo & Bean. B. (430)

427. Alepocephalus agassizii l Goode & Beau. B.

428. Alepocephalus productus- Gill. B.

Family XXXV.—ALBULIDiE. (34)

107.—ALBULA (Gronow) Blocli & Schneider. (11G)

429. Albula vulpes Linnrcus. S. W. C. P. (116)

Family XXXVI.—HYODONTID^. (35)

108.—HYODON Le Sueur. (117)

430. Hyodon alosoides Rafmesquc. Vw. (432)

431. Hyodon tengisus Lo Sueur. Vw. (433)

432. Hyodon selenops Jordan & Bean. Vsw (434)

Family XXXVII.—ELOPID^. (30)

109.—ELOPS Linnaeus. (118)

433. Elops saurus Linnaeus. S. W. P. (435}

110.—MEGALOPS Laccpedc. (119)

434. Megalops atlanticus Cuv. & Val. S. W. (43f>)

1Alepocephalus agassizii Goode & Beau.

Dusky ; head and fins nearly hlack. Body a little deeper than in A. bairdii. Head
compressed, tho snout conically elongate, the lower jaw slightly produced ; width of

head 9£ in length of hody (12 in A. bairdii). Eye 3| in head (4^ in A. bairdii). Scales

parchment-like. Dorsal inserted directly ahove vent, the distance from its origin to

hase of caudal one-third its distance from front of eye. Anal inserted under second ray

of dorsal. Length of pectoral equal to diameter of eye and 10i in hody. Ventral ahout

one-sixth of head. Head 3 ; depth 5. D. 15; A. 17. Scales 10-90-11. Gulf Stream,

hit. 30°, in 922 fathoms. (Goode <?• Bmn.) (Goode & Bean, Bull. Mns. Comp. Zocil,

1682,215.)
2 Alepocephalus productus Gill, Proc. II. S. Nat. Mas., 1883, 250. Gulf Stream, in deep

water.
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Family XXXVIIL—CHANID^. 1

111.—CHANOS 1 Lacepede.

435. Chanos chanos ' Forskal. P.

Family XXXIX.—CLUPELD^.

112.—DUSSUMIERIA 2 Cuvier & Valenciennes,

436. Dussumieria stolifera 3 Jordan & Gilbert. W.

113.—ETRUMEUS 4 Bleeker. (120)

437. Etrumeus teres DeKay. S. (437)

114.—CLUPEA Linnaeus. (122,123)

§ Civpea.

438. Clupea harengus Linnceus. G.N. Eu. (43?)

439. Clupea mirabilis 6 Girard. A.C. (438,440)

1 Family CHANID^E.

Clupeoid fishes, with the body oblong, compressed, covered with small, firm, ad-

herent scales. Lateral line distinct. Abdomen broad and flattisb ; snout depressed

;

mouth small, anterior, the lower jaAV with a small symxdiyseal tubercle; no teeth.

Premaxillary joined to upper anterior edge of maxillary. Gill membranes broadly

united; free from the isthmus. Branchiostegals 4
;
pseudo-brauchia3 well developed.

An accessory branchial organ in a cavity behiud the gill cavity. Dorsal fin opposite

tho ventrals ; anal fin shorter than dorsal. Mucus membrane of cesopbagiis raised

into a spiral fold. Intestine with many convolutions. Coloration silvery. Large

fishes of tho warmer parts of the Pacific. One genus and two species known ^Clupeidce;

group Chanina Giinther, VII, 473).

Genus Chanos Laccpede.

(Lutodeira Knhl.)

(Laccpede Hist. Nat. Poiss, V, 395, 1803; type Mugil chanos Forskal= Chanos ara-

bicus Lacepede.) Characters of the genus included above. (Xavo?, the open month.)

Chanos chanos (Forskal). Pacific and Indian Oceans ; abundant in the Gulf of Cali-

fornia and southward to Panama.

(Mugil chanos Forskal Descr. Anim., 74 ; Mugil salmoneus Forster, Block & Schnei-

der, 121 ; Chanos salmoneus Giinther, VII, 473, and of recent authors generally.)

2 Dussumieria Cuvier &. Valenciennes.

(Hist. Nat. Poiss., XX, 467 ; type Dussumieria acuta Cnv. & Val.)

Body rather elongate, somewhat compressed ; the abdomen rounded and without

scrratures. Mouth terminal, of moderate width, formed as in Clupea, but the maxil-

lary more slender. Veiy small teeth in patches on jaws, palatines, pterygoids, and

tongue. Scales cycloid, entire, very deciduous. Branchiostegals numerous, very

slender. Ventrals inserted below middle or posterior part of dorsal ; anal low, of

moderate length. Pseudobranchiuj well developed
;
pyloric eoeca numerous. (Dedi-

cated to M. Dussumier, a correspondent of Valencieunes, and the original discoverer

of the typical species.)

"Dussumieria stolifera Jordan & Gilbert, Proc. U. S. Nat. Mnc, 1884, 25. Key West,

Fla.
4 Tho name Etrumens is from Etrumehcasi, tho Japanese name of Etrumeus micropus.

Tho genera, Etrumeus and SjjraleJloidcs^oem scarcely separable from Dussumieria.

5 Spratelloides bryoporus Cope, tho types of which species I have examined, seems to

bo identical with Clupea mirabilis.
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§ Sardinia Poey.

440. Clupea sagax «>enyns. C. (441)

441. Clupea pseudohispanica Poey. W. (,441fc.)

§ Pomolohus Rafinesque.

442. Clupea chrysochloris Rafinesque. V. S. (442)

443. Clupea mediocrisMitch.il]. N. (443)

444. Clupea vernalis Mitchill. N. S. Aria. (444)

445. Clupea aestivalis Mitchill. N. S. Aua. (445)

§ Alosa Cuvier.

446. Clupea sapidissima Wilson. N. S. Ana. (446)

$ Harengula Cuv. & Val. (123)

447. Clupea sardiiia l Poey. W.
448. Clupea thrissina 3 Jordan & Gilbert. P.

449. Clupea pensacolaa Goode & Bean. S. W. (447)

450. Clupea stolifera" Jordan & Gilbert. P.

115.—OPISTHONEMA 4 Gill. ( 124)

451. Opisthonerna oglinum r
' Le Sueur. S. W. (448)

1 Clupea sardina (Poey) Sardina de lei/, " Pilchard."

Greenish, sides silvery, the scales often shaded with light orange and dotted with

black; a yellowr scapular blotch; lips aud dorsal fin yellow; older specimens with

faint orange streaks along the rows of scales ; tips of dorsal and caudal blackish.

Body comparatively deer) and compressed; lower jaw projecting; teeth in broad

patches on jaws, vomer, palatines, and tongue: maxillary reaching nearly to middle

of eye, 2f in head. Eye very large, considerably longer than snout, 2f in head;

cheeks and opercles striate; gill rakers not very long, comparatively few; scales

rather large, firm, each crossed by several conspicuous vertical ridges ; scales not ad-

herent, readily deciduous. Insertion of dorsal little before that of ventrals at a

point cousiderably nearer snout than base of caudal. Dorsal a little higher than

]ong, its free edge concave ; anal low
;
pectorals nearly reaching ventrals, li in head.

Head, 3£ ; depth, 3& ; D. 1, l.
r
> ; A. 18. Lat. 1., 3G. Ventral acutes about 15 + 10. L.,

8 inches. Florida Keys to Cuba; abundant in schools. Readily distinguished from

CI. pensacohc by the large eye and loose scales.

(Harengula sardina Poey, Memorias Cuba, II, 310, 1860; Harengula sardina Poey,

Enum. Pise. Cubens., 1875, 147; ?? Clupea macrophthalma Ranz., Nov. Com. Ac. Sci.

Inst. Bonon., 1842, 320 ; ? ? Clupea humeralis Cuv. & Val., XX, 293; not Clupea macroph-

thalma nor Clupea humeralis Gunther. Harengula sardina Goode &. Bean, Proc. U. S.

Nat. Mus., 1879, 152 ; Clupea sardina Jordan, Proc. U. S. Nat. Mus., 1881, 106.)

-Clupea thrissina Jordan & Gilbert, Proc. II. S. Nat. Mus., 1882, 35:5. Capo San

Lucas.
:: Clupea stolifera Jordan & Gilbert, Proc. U. S. Nat. Mus., 1831, 339. Mazatlan to

Panama.
4 Opisthonema oglinum (Le Sueur) Goode & Bean.

Omit from the synonymy Clupea thrissa^ Osbeck, and add :

(Mcgalops oglina and M. notaia Le Sueur, Jonrn. Ac. Nat. Sci. Phila., 1, 359, 361

;

Chaioessus signtfer DeKay, New York Fauna Fishes, 1842,264: Opisthonema oglinum

Goode & Bean MSS.

)

The original basis of Clupea thrissa L. was a lisli brought by Lagerstrom from

China and described by Linnams's pupil, Odhcl, in tho Amoen. Academ., V, 251, as

Clupea thryza. This is a species of Dorosoma. To this latter genus belongs also tho

Clupea thrissa of Osbeck. In the synonymy of Clupea thrissa of the tenth edition of the

Systema Natura;, several references to Opisthonema are included, wbilo the Clupea thrissa,

described in the twelfth edition as being received from Dr. Garden, is Dorosoma cepc-

dianum. Tho Clupea thrissa of Broussonet and of most later authors is the Opisthonema,

but the Linmean name must go with the original intention of its author.



[37] CATALOGUE OF THE FISHES OF NORTH AMERICA. 825

452. Opisthonema libertate x Giintber. P.

116.—BREVOORTIA Gill. (125)

453. Brevoortia tyrannus Latrobe. N. S. (450)

453 b. Brevoortia tyrannus patronus Goocle. S. (449)

117.—OPISTHOPTERUS 2 Gill.

454. Opisthopterus lutipinnis 3 Jordan & Gilbert. P.

Family XL.—DOROSOMIDJE. (38)

118.—DOROSOMA Rafinesque. (126)

455. Dorosorna cepediautim Le Sueur. V: S. N. (451)

456. Dorosoma mexicanum Giintber. S. (451 b)

Family XLI.—ENGRAULIDiE. (39)

119.-STOLEPHORT7S Lacepede. (127)

457. Stolephorus ringens Jeuyns. C. P. (452)

458. Stolephorus macrolepidotus 4 Kner & Steindacbuer. P.

459. Stolephorus opercularis 5 Jordan & Gilbert. P.

460. Stolephorus browni Gmelin. N. S. W. (453)

461. Stolephorus perthecatus Goodo & Bean. S.

1 Meletta libertatis Giintber, Proc. Zool. Soc, Lond., 1866, 303; Clupea Hbertatis Giin-

tber, VII, 433; Opisthonema liberlaie Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882,

022 ; Mazatlan to Panama, abundant.

3 Opisthopterus Gill.

(Proc. Ac. Nat. Sci. Phil., 1861 ; 31; type Pristigaster tartoor Cuv. & Val.)

Body elongate, very much compressed, with tbo abdomen prominent and strongly

serrated. Scales thin, deciduous, of moderate size. Lower jaw projecting; teeth

rather small, in villiform bands on both jaws, palatines, pterygoids and tongue;

vomer toothless. Dorsal fin small, considerably behind middle of body. Anal fin

very long. Ventrals wanting. Caudal deeply forked. Tropical parts of the Pacific.

(077X6077, behind; ittdpov, fin, the dorsal being placed farther backward than in the

closely related genus Pristigaster. )

3 Pristigaster lutipinnis Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 340. Gulf of

California and southward.
4 Stolephorus macrolepidotus Kner & Steindachner. Body comparatively short and

deep. Head one-fourth longer than deep. Snout very short, not projecting far beyond

lower jaw. Jaws toothless. Maxillary narrow, rounded behind, extending to angle of

preoporcle. Abdomen slightly compressed. Scales adherent. Origin of dorsal slightly

behind middle of body. Silvery, sides with an indistinct bluish band. Head 3^ ; depth

3, D. 12, A. 28. Scales 35-9. Mazatlan to Panama, one of the largest of the Ameri-

can species of Stolephorus.

{Engraulis macrolepidotus Kner & Steindacbuer, Abbandl. Bayer, Akad. Wiss. X,

1864; Engraulis macrolepidotus Giintber, VII, 335.)

5 Stolephorus opercularis Jordan & Gilbert. Proc. U. S. Nat. Mus., 1881, 275. (Gulf

of California.)
6 Stolephorus perthecatus Goode & Bean., Proc. U. S. Nat. Mus., 1882, 434.

Pensacola, Fla. Apparently distinguished from S. browni by the short aual and from

S. perfasciatiis by the long maxillary.
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462. Stolephorus ischanus 1 Jordan & Gilbert. F.

463. Stolephorus perfasciatus 2 Poey. W.
464. Stolephorus eurystole 3 Swain & Meek. N. (455)

465. Stolephorus curtus 4 Jordan & Gilbert. P.

466. Stolephorus mitchilli Cnv. & Val. N. S. (454 b.)

467. Stolephorus exiguus 5 Jordan & Gilbert. P.

468. Stolephorus miarchus Jordan & Gilbert. W. P.

469. Stolephorus delicatissimus Girard. C.

470. Stolephorus lucidus 7 Jordan & Gilbert. P.

471. Stolephorus compressus Girard. C.

Family XLII.—ALEPIDOSAURID^. (40)

120.—PLAGYODUS" Steller. (128)

472. Plagyodus ferox Lowe. B. (458)

473. Plagyodus eesculapius Bean. A. (458 b.)

474. Plagyodus borealis Gill. C. A. (459)

Family XLIIL—PARALEPIDLD2E. (41)

121.—SUDIS Rafinesqne. (129)

$ Sndis.

475. Sudis ringens Jordan & Gilbert. B. P. (459)

§ Arctozenus Gill.

476. Sudis borealis 3 Reinbardt. G. A. B. (461,462)

1 Stolephorus ischanus Jordan & Gilbert., Proc. U. S. Nat. Mns., 1881, 340. Mazaiian

southward. Closely related to S. broumi.

2 Stolephorus perfasciatus (Poey).

Body rather elongate ; snout compressed and pointed, shorter than eye. Top of

bead with a slight keel. Eye 3A in bead. Maxillary and lower jaw finely toothed;

maxillary unusually short, its posterior end rounded, not extending quite to margin

of preopercle
;
gill rakers numerous

;
pectoral If in head, not reaching ventrals ; inser-

tion of anal below last rays of dorsal, tbe fin short ; origin of dorsal midway between

i-oot of caudal and pupil. Color of S. broumi, the lateral band rather narrower, well

defined, its width about £ eye ; no dark punctulations except on base of caudal and

sometimes on anal. Head 4£ ; deptb 6, D. 12, A. 14 to 16, L. 2 to 3 inches. (Swain <J-

Meek.') Florida Keys to Cuba, common, but much less abundant than S. broumi.

(Engraulis perfasciatus Poey, Mem. Cuba, II, 313, 1858. Engraulis perfasciatus Giin-

tber, VII, 391; not of Swain. Bull. U. S. Fisb. Comm., 1882, 55, nor of Jor. & Gilb.,

Synopsis, 273 ; Swain & Meek, Proc. Ac. Nat. Sci. Phila. 1884.)

''Stolephorus eurystole Swain &. Meek, Proc. Ac. Nat. Sci. Pbila. 1884, 35. Wood's

IIoll, Mass. Tins is tbe species described in tbe Synopsis, p. 273, under tbe erroneous

name of S. perfasciatus.

4 Stolephorus curtus Jordan & Gilbert. Proc. U. S. Nat. Mns., 1881, 343. Mazatlan.

• Stolephorus exiguus Jordan & Gilbert. Proc. IT. S. Nat. Mns., 1881, 342.

'Stolephorus miarchus Jordan & Gilbert. Proc. U. S. Nat. Mus., 1881, 344 ; 1882, 622;

1884, 106, Key West; Mazatlan, Panama. Tbe smallest of tbe American anchovies.

'Stolephorus lucidus Jordan & Gilbert. Proc. U. S. Nat. Mns., 1881, 341. Mazatlan.

"It is probably best to substitute Stellcr's name, Plagyodus, for tbe later Alepidosau-

ru8.

9 Sudis coruscans is probably not specifically distinct from S. borealis.
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Family XLIV.—SYNODONTID^E. 1 (12 part.)

122.—SYNODUS (Gronow) Bloch & Schneider.

§ Synodus.

477. Synodus foeteiis Linnaeus. S. (4G3)

478. Synodus spixianus2 Poey. W.
479. Synodus scituliceps 3 Jordan & Gilbert. P.

480. Synodus lucioceps Ayres. C. (464)

481. Synodus anolis 4 Cuv. & Val. W. (4646.)

§ Trachinocephalvs Gill.

482. Synodus myops Forster. S. W. (4C5)

123.—BATHYSAURUS 5 Giinther.

483. Bathysaurus agassizii Goode & Bean. B.

Family XLV.—SCOPELID^. (42)

124.—MYCTOPHUM Rafinesque. (131)

484. Myctophum crenulare Jordan & Gilbert. C. (466)

1 Apparently those genera of the group called in the synopsis Scopelidw, which have
the maxillary rudimentary and adnata to the premaxillary, or sometimes entirely

wanting, should bo detached from Scopelidw, to form a separate family, which has

been called Synodontidw by Professor Gill. To this group belong, in our fauna, the

genera Synodus and Bathysaurus, as well as the Old World genera of Harpodon and
Saurida.

" Synodus sjnxianusYoej. Lagarto : Soap-fish.

Sandy gray, light or dark, much mottled above with darker olive; brauchiostegnls

pale yellowish; top of head without distinct vermiculations; dorsal scarcely barred;

caudal dusky ; other fins pale, with little or no yellow in life; lower parts of bend

mottled with dusky. No scapular spot ; tip of snout not black. General forhi and
appearance of S. fastens, the teeth rather stronger; the jaws a little longer; the upper
1-| in head. Dorsal fin shorter and higher, its free edge more oblique than in S. fcetens,

its anterior rays when depressed extending beyond the tips of the posterior, 1-J in

head. Scales about as in S. fattens. Pectorals 2 in head ; ventrals 1{-. D. 1, i). A. 11

or 12. Lat. 1. GO. Florida Keys and Cuba. Abundant.
(Saurus spixianus Poey. Memorias Cuba, ii, 304, 1860 ; Poey, Emun. Pise. Cubens.,

1875, 141, Jordan, Proc. U. S. Nat. Mus., 1884, 107.)

For a detailed account of this and other American species of Synodus, see Meek
Proc. Ac. Nat. Sci. Phila., 1884, 130.

3Synodus scituliceps Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 344. Mazatlan to

Panama.
4 The species described in tho Synopsis (p. 889) as Synodus intermedins, is not that

species, but a diiferent one, Saurus anolis Cuv. &Vail., xxii, 1849, 438= Synodus cuoanus

Poey, Enum. Pise. Cubens. 1875, 143. Saurus intermedins Agassiz & Spix.= Synodus

intermedins Poey, Enum. Pise. Cubens. 1875, 143, has the mouth smaller than in 8.

anolis, the scales larger (lat. 1. 45), the scapular region without distinct black spot,

and the coloration less variegated. S. intermedins is common in Cuba, but has not yet

been noticed in our waters. In the adult of S. anolis, tho lower parts are marked by
stripes formed by an orange spot on each scale ; tho number of cross-bars is usually

doubled by the presence of a shorter one between each pair.

Bathysaurus Giinther.

(Giinther Ann. Mag. Nat. Hist., Aug., 1878, 181) ; type Bathysaurusferox Giinther.)

Body formed as in Synodus, subcylindrical, elongate, covered with small scales.
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485. Myctophuni mulleri 1 Gmelin. G. (467)

486. Myctophum boops 2 Richardson. A.

125.—MAUROLICUS 3 Cocco. (132)

487. Maurolicus borealis Nilsson. B. (468)

Head depressed, with the snout produced, flat above. Cleft of the mouth very wide,

with the lower jaws projecting
;
premaxillary very long, styliform, tapering, not mov-

able ; maxillary obsolete. Teeth in the jaws in broad bauds, not covered by lips, curved,

unequal in size, and barbed at the end; a series of similar teeth along the whole length

of each side of the palate; a few teeth on the tongue, and groups of small teeth on

thehyoid; eye moderate, lateral. Pectoral moderate; ventrals 8-rayed, inserted closo

behind pectoral. Dorsal fin median, of about 18 rays ; adipose fin present or absent

;

anal moderate ; caudal cmarginate. Gill openings very wide, the gill membranes

separate, free from the isthmus. Brauchiostegals 11 or 12. Gill laminae well developed

;

gill-rakers tubercular
;
pseudobranchiaj well developed. Scales rather small. Deep-

sea fishes. (BaBvS, deep ; davpoi, sauru,8= Synodus.)

Bathysaurus agassizii Goodo & Bean.

Body elongate, subterete. Head alligator-like, naked, except on cheek and occiput,

with strong nasal and interorbital ridges ; its greatest width more than half its length;

gape of mouth very wide, one-sixth length of body, extending behind eye for a dis-

tance equal to interorbital width. Premaxillary with two irregular rows ofdeprcssiblo

teeth, some of them barbed, those of inner row much the largest; lower jaw enor-

mously strong, its sides projecting beyond the upper jaw ; its dentary edge thickly

studded with depressible teeth, many of them, especially the larger inner ones,

strongly barbed; those in front, claw-like, recurved ; three rows of teeth on the

palatines, the middle ones very much enlarged and most of them strongly barbed,

these being the largest of all the teeth. On the tongue a few weaker teeth, aud

groups of similar teeth on the vomer. Insertion of dorsal behind snout at a distance

a little more than its own base and about one-third the total length ; longest ray

equal to greatest depth of body. No adipose dorsal (iu the specimen known); anal

inserted considerably behind last ray of dorsal, its base about half that of the dorsal.

Ventrals well apart, inserted just in front of dorsal, their length half head. Pectoral

as long as lower jaw, its seventh ray prolonged to a length equal to that of head.

Caudal slightly forked ; scales thin, cycloid, deciduous, those of the lateral line

larger, brownish ; lining of gill cavity blue-black. Head, 3*; depth, 7. B. 10, D. 17,

A. 11, C. 19, P. 15, A. 8. Scales, 8-78-8. Length, 18 inches.

Gulf Stream, lat. 33°, at a depth of 647 fathoms. {Goode $ Bean.)

(Goode & Bean, Bull. Mus. Comp. Zool., 1882, 215.)

'This species should staud as Myctophum mulleri instead of If. glaciale. To the

synonymy add : Salmo mulleri Gmelin, Syst. Nat. 1788, 1378 ; Scopclus mulleri, Collet,

Norske NordhavsExped., 1880, Fiske, 158; Scopelus mulleri Goode & Bean, Bull. Mus.

Comp. Zool., 1882, 223.

This species has been lately taken in the deep waters off Southern New England.

-Myctophum hoops Richardson.

Depth of head If in its length ; eye nearly 3 in head ; twice its distance from

preopercle. Snout short, obtuse, its upper profile descending in a strong curve
;
jaws

equal ; maxillary reaching nearly to angle ofpreopercle, slightly and gradually dilated

behind ; cleft of mouth very slightly oblique. Origin of dorsal considerably nearer

tip of snout than root of caudal, above base of ventrals ; its last ray before origin of

anal
;
pectoral reaching vent. Scales smooth, thin, and deciduous. Head 3-J ; depth 5.

D. 14. A. 21, V. 8 Scales 3-38-5. L. 4^ inches. Vancouver's Island. (Gunfher).

(Richardson, Zool. Erebus and Terror. Fishes, 39, pi. 27. Scoijelus hoops, Gunther,

V, 408.)

:i According to Professor Gill, the genus Maurolicus belongs to the Scopelidw and

not to the Steruoptychidaj.
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Family XLVI.—HALOSAUKID^. 1

126.—HALOSAURUS Giinther.

488. Halosaurus macrochir Giinther. B.

Family XLVII.—STOMIATID^. (45)

127.—STOMIAS Cuvier. (134)

489. Stomias ferox Reinhardt. B. (470)

128.—HYPERCHORISTUS 2 Gill.

490. Hyperchoristus tamieri Gill. B.

1 Family HALOSAURID^S.

Body elongate, compressed posteriorly, tapering into a very long and slender tail,

which hecomes compressed and narrowed into a sort of filament. Abdomen rounded.

Scales rather small, cycloid, deciduous. Sides of head scaly ; lateral line present,

running along the sides of the belly, its scales, in the known species, enlarged, each
in a pouch of black skin with a phosphorescent organ at its base. No barbels. Head
subcorneal, depressed anteriorly, the flattened snout projecting beyond the mouth.

Mouth inferior, horizontal, of moderate size, its anterior margin formed by the pre-

maxillaries, its lateral margin by the maxillaries, which are of moderate width.

Teeth small, in villiform bands, on the jaws, vomer, palatines, and tongue. Eye
rather large. Facial bones with large muciferous cavities. Preopercle produced
behind in a large flat process, "replacing the sub- and interoperculum." Bones of

head unarmed. Gills 4, a slit behind the fourth. Pseudobranchiaj none. Gill-rakers

short. Gill membranes separate, free from tho isthmus. Branchiostegals numerous
(about 14). Dorsal fin short, rather high, inserted behind ventrals and before vent.

No adipose fin; no caudal fin. Anal fin extremely long, extending from tho vent to

the tip of the tail (its rays about 200 in number). Ventrals moderate, not very far

back. Pectorals rather long, narrow, inserted high. No axillary scales. Air blad-

der large, simple. Stomach ca;cal
;
pyloric cceca in moderate number ; intestines

short. Ovaries closed. No phosphorescent spots. A single genus, with about 5

species ; fishes of the deep sea. (Halouauridec Giinther, VII, 482.)

Halosaurus Johnson.

(Johnson, Proc. Zocil. Soc. London, 1863, 400 ; type Halosaurus oweni, Johnson, from

Madeira). Characters of the genus included above. ("AA.S, sea; davpoS, lizard.)

Halosaurus macrochir Giinther.

Everywhere blackish, tho color nearly uniform. Snout moderate, its length from

mouth 7 in length of head ; eye small, 7| in head, 2 in interorbital space. Length of

head slightly greater than its distance from ventral. Maxillary reaching vertical

from front of eye ; its length from tip of snout 2^- in head. Insertion of dorsal en-

tirely behind the ventrals. Ventrals midway between preopercle and front of anal,

their length 2£ in head. Pectorals nearly reaching ventrals, 1J in head. Base of dorsal

3£ in head, its longest ray 2. B. 12. D 1, 10, or 11, V. 9. Deep waters of tho At-

lantic; not rare in the Gulf Stream.

(Giinther, Ann. Mag. Nat. Hist., 1878, 251 ; Goode & Bean, Bull. Mus. Comp. Zool.,

1882, 219. Halosaurus goodci Gill, Proc. U. S. Nat. Mus., 1883, 257.)

2 Hyperchoristus Gill.

(Gill, Proc. U. S. Nat. Mus., 1883, 256; type, Hyperchoristus tanneri Gill.)

"Stomiatids, with a robust claviform body, naked skin, teeth on the jaws nearly

uniserial, but in several groups, of which the successive teeth (about 4) rapidly
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129.—ECHIOSTOMA Lowe. (135)

491. Echiostoma barbatum Lowe. B. (471)

130.—MALACOSTEUS 1 Ayres. (13G)

492. Malacosteus niger Ayres. 13. (472)

131—ASTRONESTHES Richardson. (137)

493. Astronesthes niger Richardson. 13. (473)

Family XLVIIL—AEGENTINID^.2 (46 part.)

132.—MICROSTOMA Cavier. (138)

494. Microstoma grcenlandicuni Reinhardt. G. (474)

133.—MALLOTUS Cavier. (140)

495. Mallotus villosus Miiller. A. G. (475, 476)

134.—THALEICHTHYS Girard. (141)

496. Thaleichthys pacificus Richardson. A. Ana. (477)

135—OSMERUS Linnaeus. (142)

497. Osmerus thaleichthys 3 Ayres. C. (478)

498. Osmerus mordax Mitchill. N. Ana. (480)

499. Osmerus dentex Stcindachner. A. (481)

136.—HYPOMBSUS Gill. (143)

500. Hypomesus pretiosus Girard. C. (482)

501. Hypomesus olidus Pallas. A. (483)

137—ARGENTINA Linmeus.

502. Argentina syrtensium Goode & Beau. B. (484)

138.—HYPHALONEDRUS » Goodo. (145)

603. Hyphalonedrus chalybeius Goode. B. (485)

increase iu size backwards, and teeth on the palate enlarged, one on each side of the

vomer and several on the palatines; moderate dorsals obliquely opposed, forked

caudal aud pectorals, each with a separate and specialized uppermost ray." ('Yirjjp,

above
; x°Pl(JT0Ĉ split? ha allusion to the division of the pectorals.)

The species JT. tanncri Gill, from tho Gulf Stream in deep water, has not been

described.
1 Accordiug to Dr. Bean, the so-called barbel at tho throat in Malacosteus niger is a

muscle apparently concerned in the movement of the mandible.
2 Tho Argentinince may well be regarded as a family distinct from tho Salmonidce, dif-

fering in tho form of the stomach, as stated in tho Synopsis.

3 Osmerus aticnuaius Lockington, an extremely doubtful species, is here omitted, as

also the land-locked varieties of O. mordax.

••This genus perhaps belongs to the ScopeUdw.
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Family XLIX.—SALMONLDJ3. (4G)

139.—COREGONUS LinnaBus. (146)

§ Prosopium Milner.

504. Coregonus williamsoni Girarcl. R. (487)

505. Coregonus quadrilateralis Richardson. Vn. (488)

506. Coregonus kennicotti Milncr. Y. (489)

507. Coregonus nelsoni l Bean. Y.

§ Coregonus.

508. Coregonus clupeiformisMitchill. Vn. (490)

509. Coregonus labradoricus Richardson. Vn. (491)

§ Argyrosomus Agassiz.

510. Coregonus hoyi Gill. Vn. (492)

511. Coregonus merki Giinther. Y. (493)

512. Coregonus laurettee Beau. Y. (493 b.)

513. Coregonus artedi Le Sueur. Vn. (494)

514. Coregonus nigripinnis Gill. Vn. (495)

§ AUosomus Jordan.

515. Coregonus tullibee Richardson. Vn. (496)

140.—THYMALLUS Cuvier. (147)

516. Thymallus signifer Richardson. Y. Vn. (497)

516b. Thymallus signifer onlariensis'2 Cuv. &Val. Vn. (497 6.)

141.—STENODUS^ Richardson. (148)

517. Stenodus mackenziei Richardson. Y. Vn. (498)

142.—ONCORHYNCHUS Suckley. (149)

518. Oncorhynchus gorbuscha Walbaum. C. A. Ana. (499)

1 Coregonus nelsoni Bean, Proc. U. S. Nat. Mas., 1884 ; waters of Alaska.
2 Thymallus ontariensis Cuvier & Valenciennes, XXI, 4f>2, 1848 (specimens sent by

Milbert from Lake Ontario)=T/ij/maZ/Ms tricolor Cope. The following is a translation

of Valenciennes' account: We have received from Lake Ontario a Thymallus very

near to that of the lake of Geneva. It has, however, more naked space under tbo

throat, although less than in Thymallus gymnothorax. The head is evidently more

pointed, the body more elongate, the dorsal a little longer. The denticulations of tbo

scales are more pronounced. The colors seem scarcely to differ from those of Thymal-

lus, for our specimens are greenish, with a dozen gray lines aloug tbo flanks. The
dorsal has 4 or 5 longitudinal streaks of red. Our specimens are a foot long ; tbey

have been sent by M. Milbert. ( Valenciennes I. c. )

3The original diagnosis of Stenodus is said to be in "Appendix Bach's Voyage. Rcpt.

N. Am. Zool., 1836."

According to Dr. Bean, our species is probably not distinct from tho Asiatic species,

S. leucichthys (Guldenstadt).
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519. Oncorhynchus keta Walbaum. C. A. Ana. (500)

520. Oncorhynchus tchawytcha Walbaum. C. A. Ana. (501)

521. Oncorhynchus kisutch Walbaum. C. A. Ana. (50^)

522. Oncorhynchus nerka Walbauni. C. A. Ana. (503)

143.—SALMO Linmeus. (150)

§ Salmo.

523. Salmo salar L. N. Eu. Ana. (504)

523 b Salmo salar scbago Girard. Vne.

§Salarl Cuv. & Val.

524. Salmo gairdneri Richardson. C. A. (506)

524 b Salmo gairdneri irideus" Ayres. T. (505)

525. Salmo purpuratus Pallas R. C. A. (508)

525 b. Salmo purpuratus towmeri Bendire. R.

525 c. Salmo purpuratus stomias Cope. R.

525 d. Salmo purpuratus lienshaivi Gill & Jordan. R.

525 e. Salmo purpuratus spilurus Cope. R. (507)

144.—SALVELINUS Richardson. (151)

§ Crisiivolner Gill & Jordan.

526. Salvelinus namaycush Walbaum. Vn. (509)

526 b Salvelinus namaycush siscoicct Agassiz. Vn.

§ Salvelinus.

527. Salvelinus oquassa 3 Girard. Vne. (510,511,516?)

528. Salvelinus arcturus Giinther. Vne. (512)

529. Salvelinus malma Walbaum. Y. C. A. (513)

530. Salvelinus fontinalis Mitcliill. Vne. (514, 515)

530 b Salvelinus fontinalis immaculatus H. R. Storer. N. Ana.

531. Salvelinus stagnalis 4 Fabricius. G. (517?, 518)

Family L.—PEECOPSIDiE.

145.—PERCOFSIS Agassiz. (152)

532. Percopsis guttatus Agassiz. Vn. (519)

1 This subgenus is called Fario in the Synopsis, but the iypo of Fario is probably a

genuine Salmo.
2 Salmo gairdneri is probably the adult sea-run form of Salmo irideus.

3 Salvelinus rossi may bo omitted from the lists, as no diagnostic characters of im-

portance occur in the description. It may be treated as a very doubtful synonym of

S. oquassa. S. narcsi agrees very closely with S. oquassa.

4 Salvelinus nitidus may bo omitted, as probably identical with S. stagnalis. For a

description of this species see JJresel, Proc. U. S. Nat. Mus., 1884, 255.
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Family LI.—STEENOPTYCHID^. 1
(43)

146.—ARGYROPELECUS - Cocco.

533. Argyropelecus hemigymnus Cocco. O. Eu.

534. Argyropelecus olfersi Cuvier. 0. Eu.

147.—STERNOPTYX 3 Hermann, —
535. Sternoptyx diaphana Hermann^- 0. Eu.

1 A suborder Jniomi, to include tbe Sternopiychidce and Chauliodontidce, lias been pro-

posed by Dr. Gill, Proc. U. S. Nat. Mus., 1884, 350. The chief respect in which these

families differ from the other Isospondyli is in the mode of articulation of the scapular

arches, which connect with and impinge on the occiput behind and are otherwise

free from the cranium. (Iviov, nape; ootids, shoulder.)

Dr. Giinther and others have stated that the SternoptycMdce possess a "rudimentary

Bpinous dorsal fin." This appearance is due to the projectiou of one or more of the

neural spines beyond the muscles, and is in no proper sense a rudiment of a fin. (See

Gill, I.e., 350.)
2 Argyropelecus Cocco.

(Pleurothyris Lowe.)

(Cocco, Giorn. Sci. Sicil., 1829, fasc. 77, p. 146; type, Argyropelecus hemigymnus

Cocco.)

Body much elevated and compressed, passing abruptly into the slender tail ; no

scales, the skin covered with silvery pigment ; series of phosphorescent spots along

the lower side of the head, body, and tail. Head large, compressed, and elevated,

the bones thin but ossified. Cleft of mouth wide, vertical, the lower jaw prominent.

Margin of upper jaw formed by the maxillary and premaxillary, both of which have

a sharp edge, which is beset with minute teeth; lower jaw and palatine bones with

a series of small curved teeth. Eyes large, very close together, lateral, but directed

upwards. Angle of preopercle with a spine usually directed downwards. Pectorals

well developed; ventrals very small. Humeral arch aud pubic bones prolonged into

flat pointed processes, which project in the median line of the belly; a series of im-

bricated scales from the humeral bone to the pubic spine, forming a ventral serrature.

Dorsal fin short, median, preceded by a serrated osseous ridge, consisting of several

neural spines prolonged beyond the muscles. Adipose fin rudimentary; anal fin

short ; caudal forked. Gill opening very short, the outer branchial arch extending

forward to behind the symphysis of the lower jaw, and beset with very long gill

rakers ; branchiostegals nine
;
pseudobranchise and air-bladder present. Four pyloric

cceca. Small pelagic fishes. (ApyvpoS, silvery ; TtsXeuvi, hatchet.)

Argyropelecus hemigymnus Cocco. Depth of body equal to distance between gill-

openiugs and base of caudal; posterior corner of mandible and angle of preopercle

each with a small triangular spine; tail without spines; pectoral fin nearly reaching

anal. B. 9, D. 7 or 8, A. 11, P. 9, V. 5, L. 2 inches, (Giinther). Atlantic and Mediter-

ranean in deep water; not rare in the Gulf Stream off Southern New England.

(Cocco, 1. c, Cuv. & Val. XXII, 398; Giinther, V, 385; Goode & Bean, Bull. Mus.

Comp. Zool., 1882, 220.)

Argyropelecus olfersi (Cuvier) C. & V. Depth nearly or quite equal to distance

from shoulder to root of caudal ; tail as deep at base as long. Mandible with a short

flat spine at its posterior corner
;
preopercular spine directed downwards; tail with-

out spines; pectoral fin reaching ventrals. B. 9, D. 9, A. 11, P. 10, V. 6 (Giinther).

Coast of Norway, lately taken in the Gulf Stream, off Southern New England.

(Sternoptyx olfersi Cuvier, R^gne Animal., ed. 2d, II, 31G; Cuv. & Val. XXII. 408;

Giinther, V, 386; Pleurothyris olfersi Lowe, Fish. Madeira, 64.)

3 Sternoptyx Hermann.

(Hermann, Naturforscher, 17F1, XVI. 8 ; type Sternoptyx diaphana Hermann.)

Trunk much elevated and compressed, the slender tail very short; abdominal out-

S. Mis. 70 53
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Family LIL—CHAULIODONTID^. (44)

148.—CHAULIODUS Blocli & Schneider. (133)

536. Chauliodus sloani Bloeh & Schneider. B. Ev. (469)

149—CYCLOTHONE 1 Goode & Bean.

537. Cyclothone lusca Goode & Bean. B.

150.—SIGMOPS 2 Gill.

538. Sigmops stigmaticus Gill. B.

line nearly continuous, in a sigmoid curve; teeth of the jaws in several series, the

largest teeth in the inner row ; a single spike-like neural spine before dorsal ; branchios-

tegals, 5. Otherwise essentially as in Argyropelecus. (^zspvov, breast ; nrvc, fold or

plait.)

Sternoptyx diaphana Hermann.
Depth equal to distance between tip of snout and base of the very short tail. In-

terorbital space slightly concave
;
posterior limb of preopercle bordering hind part

of orbit, and descending very obliquely, ending in two points. Pectoral scarcely

reaching ventrals, which are very small. B. 5, D. 9, A. 13, P. 10, V. 3. (Gunther.)

Atlantic ; lately taken in the Gulf Stream, about lat. 33°.

(Hermann, 1. c. ; Gunther, V, 387 ; Goode & Bean, Bull. Mus. Comp. Zool., 1882, 220.)

1 Cyclothone Goode & Bean.

(Goode & Bean, Bull. Mus. Comp. Zool., 1882, 221 ; type Cyclothone lusca G. & B.)

Body elongate, somewhat compressed (apparently covered with rather large, thin,

very caducous scales) ; lower parts with a series of luminous spots. Head conical;

cleft of mouth very wide, oblique extending behind eye, the lower jaw strongly pro-

jecting. Maxillary long and slender, sickle-shaped, closely connected with the short

premaxillary. Upper jaw with a single series of rather large close-set sharp teeth,

about every fourth one slightly longer than the rest, and directed slightly outward.

Lower jaw with similar teeth, subequal, directed forward, with a few canines in front.

A small patch of minute teeth on vomer
;
palatines smooth. Eye small, inconspicuous.

Gill openings very wide, the membranes free from the isthmus. Gill rakers numerous,

long and slender. Pseudobranchiae none. Branchiostegals (apparently 7 to 9). No
air-bladder. Dorsal and anal well developed, opposite each other. No adipose fin.

Caudal forked, its peduncle long and slender. Deep-sea fishes of small size, closely

related to the European genus Gonostoma. (Kvk\o$, round; oBoovrj, veil.)

Cyclothone lusca Goode & Bean.

Uniform black, the mucous pores inconspicuous. Maxillary extending backward

to a distance from tip of snout equal to length of head without snout; eye as long as

snout, 7 in head. Distance from snout to dorsal three times length of lower jaw, its

base as long as head. Second ray longest, £ base of fin. Insertion of anal under

second ray of dorsal, its longest rays a little higher than those of dorsal. Pectoral.

7f in length of body. Distance from snout to ventral twice head; ventral 7 in body.

Head, 4f ; depth, 7f. D. 1, 11, A. 1, 16, P. 10, V. 5. Gulf Stream, in deep water off

south coast of New England, not rare.

(Goode & Bean, Bull. Mus. Comp. Zool. 1882, 221.)

2 Sigmops Gill.

(Gill, Proc. U. S. Nat. Mus., 1883, 256; type Sigmops stigmaticus Gill.)

No scales or pseudobrauchiaB ; body elongate, claviform ; dorsal short ; anal long,

the insertions of the two fins opposite each other; teeth moderately elongate, alter-
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Order P—HAPLOMI. (N)

Family LIU.—AMBLYOPSIDiE. (48)

151.—AMBLYOPSIS De Kay. (153)

539. Amblyopsis speleeus De Kay. Vw. (520)

152.—TYPHLICHTHYS Girard. (154)

540. Typhlichthys subterraneus Girard. Vw. (521)

153.—CHOLOGASTER Agassiz. (155)

541. Chologaster cornutus Agassiz. Vse. (522)

542. Chologaster agassizii Putnam. Vw. (523)

543. Chologaster papillifer Forbes. Vw. (5236.)

Family LIT.—CYPEINODONTID^. (49)

154.—JORDANELLA Goode & BeaD. (156)

544. Jordauella floridae Goode & Beau. Vw. (524)

155.—CYPRINODON Lacepede. (157)

545. Cyprinodon variegatus Lacepede. N. S. (525)

545 b. Cyprinodon variegatus gibbosus Girard. S. (526)

546. Cyprinodon riverendi ' Poey. W.
547. Cyprinodon bovinus - Girard. Vsw. (526)

548. Cyprinodon exirnkis' Girard. Vsw. ^5266.)

549. Cyprinodon latifasciatus Garruan. Vsw. (527)

550. Cyprinodon elegans Baird & Girard. Vsw. (528)

551. Cyprinodon californiensis Girard. C ? (529)

552. Cyprinodon macularius Girard. R. (530)

553. Cyprinodon mydrus 3 Goode & Beau. S. W.
554. Cyprinodon carpio Giinther. (531)

nating with short ones, iu a row ou the niaxillaries as well as premaxillaries aud man-

dible. Deep-sea fishes. (IZiyixa., S ; oip, eye.)

Sigmops stigmaticus Gill.

"Its distinct inferior pearly spots, arranged in two rows on each side of the ab-

domen, are well marked, and the upper have wax-like guttiform spots counected with

them below; there is also a broad longitudinal silvery baud or sheen." Gulf Stream,

lat. 38, at 2,361 fathoms.

(Gill, Proc. U. S. Nat. Mus., 1882, 256.)

1 Cyprinodon riverendi Poey ; Trifarcius riverendi Poey, Memorias Cuba, II, 306, 1860;

Cyprinodon riverendi Jordan, Proc. U. S. Nat. Mus., 1884, 109 ; Key West to Cuba. Very

closely related to C. gibbosus, but with larger scales (24-12), smaller head and the anal

edged with black. The genus Trifarcius Poey, of which this species is the type, is

founded on the erroneous statement of Valenciennes that Cyprinodon variegatus has

but five branchiostegals.
2A doubtful species, unknown to me.
3 Cyprinodon mydrus Goode & Beau, Proc. U. S. Nat. Mus., 1882, 433; Jordan and Gil-

bert, Proc. U. S. Nat. Mus., 1884, 110 ; Peusacola to Key West. A strongly marked and

handsome species, possibly identical with C. carpio.
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156.—CHARACODON 1 Giintber.

555. Characodon furcidens Jordan & Gilbert. P.

157.—ADINIA Girard.

556. Adinia multifasciata 2 Girard. S. (5456.)

158.—FUNDULUS Lac6pede. (158)

§ Hydrargyra.

557. Fundulus majalis 3 Walbaum. N. (532)

558. Fundulus similis Baird & Girard. S. (534)

559. Fundulus parvipinnis Girard. C. P. (536)

§ Fundulus.

560. Fundulus zebrinus 4 Jordan & Gilbert. Vsw. (530)

1 Characodon Giintber.

(Giinther, Cat. Fish. Brit. Mus., VI, 1866, 308; type Characodon lateralis Giintber.)

This genus differs from Cyprinodon, chiefly in the presence of a small band of villi-

forrn teeth behind the incisors. The incisors are bicuspid or Y-shaped, and tbe ver-

tical fins are longer than in Cyprinodon ; fresh waters of Mexico and Central America

;

two species known. (Xdpa%, a sbarp stake; 56uv, tooth.) Characodon furcidens Jor-

dan & Gilbert, Proc. U. S. Nat Mus., 1862, 354 ; streams tributary to the Gulf of Cali-

fornia, and southward ; abundant.

§
2 The group Adinia, defined on page 891 in the Synopsis, may be recognized as a

distinct genus, intermediate between Cyprinodon and Fundulus, having the form of

body and restricted gill openings of the former and the dentition of the latter. The

single species (Fundulus xenicus Jor. & Gilb.) may stand as Adinia multifasciata.

3 Fundulus swampina, a doubtful species probably based on a confusion of several

species, is here omitted.
4 Fundulus zebrinus is thus redescribed by Professor Gilbert (Bull. Washburn Lab.

Nat. Hist., 1, 1884, 15), from specimens taken at Ellis, Kans.

:

"Head and body shaped much as in Fundulus similis, but the snout somewhat less

elongate. Width of preorbital about 6| in length of head ; eye moderate, 4 to 4£

in head, If in interorbital width; posterior margin of orbit in middle of length of

bead ; teeth in both jaws in a villiform band, with the external series much enlarged;

interorbital width 2£ in bead ; snout 3f

.

" Branchiostegals 5.

" Dorsal fin long and ratner ow, the base longer and the rays bigher in males than

in females; origin of dorsal nearly equidistant between snout and margin of caudal,

slightly nearer the snout in males, and nearer end of caudal in females ; base of dorsal

in males 6 to 6-J in total length, the highest dorsal ray about half head ;
in females

the base is 7£ in total length. Origin of anal opposite that of dorsal in males, behind

it in females ; in tbe latter the anal is sharply angulated, the anterior rays more than

thrice the height of the posterior, and more than two-thirds length of head. In males

the margins of both dorsal and anal fins are evenly rounded, the anal is the highest,

its rays beset with minute white prickles. Oviduct forming a low sheath along base

of anterior half of anal. Pectorals not reaching base of ventrals, equaling distance

from snout to preopercular margin. Ventrals about reaching vent. Caudal truncate,

li in head.
" Scales very small, in about 60 oblique series'from opercle to base of caudal ; about

21 in an oblique series from vent upwards to middle of back ; no enlarged humeral

scale. In males the margins of scales are rough with minute tubercles.

" Head 3| to 3| in length; depth 4| to 4|. D. 14 or 15 ; A. 13 or 14. L. 3 inches.

" Color: Greenish above, sides and below silvery-white, the sides tinged with sul-



[49] CATALOGUE OF THE FISHES OF NORTH AMERICA. 837

561. Pundulus seminolis x Girard. Vsw. (537)

562. Fundulus extensus, 2 Jordan & Gilbert. P.

563. Fundulus diaphanus3 Le Sueur. Vn. N. (538, 540)

564. Fundulus confluentus Goode & Bean. S. (539)

565. Fundulus adinia Jordan & Gilbert. Vsw. (541)

566. Fundulus heteroclitus4 Linnaeus. N. S. (543)

,566b. Fundulus heteroclitus grandis Baird & Girard. S. (543 6.)

567. Fundulus ocellaris Jordan & Gilbert. S. (542 b.)

568. Fundulus vinctus6 Jordan & Gilbert. P.

§ Xenisma Jordan.

569. Fundulus catenatus Sforer. Vs. (544)

570. Fundulus stellifer Jordan. Vs. (545)

159 —ZYGONECTES Agassiz. (159)

571. Zygonectes rubrifrons Jordan. Vse. (546)

572. Zygonectes henshalli Jordan. Vse. (547)

573. Zygonectes floripinnis Cope. R. (548)

574. Zygonectes lineatus Garman. R. (549).

575. Zygonectes sciadicus Cope. Vnw. (555)

576. Zygonectes notatus Rafinesque. Vw. (550)

577. Zygonectes dispar Agassiz. Vw. (553)

578. Zygonectes craticula Goode & Bean. Vse. (553 6.)

579. Zygonectes zonifer6 Jordan & Meek. Vse.

580. Zygonectes chrysotus7 Giintber. Vse. (556, 557)

581. Zygonectes luciae8 Baird. Ve. (558)

160.—LUCANIA Girard. (160)

582. Lucania venusta Girard. S. (559)

583. Lucania parva Baird & Girard. N. S. (560)

584. Lucania goodei Jordan. S. (561)

phur-yellow ; the greater part of each scale on back rendered dusky by black points;

sides with from 14 to 18 dusky bars from back to ventral region, occasionally meeting
on ventral line ; these bars are very variable in width, seemingly narrower in females,

in wbich half-bars are frequently inserted between the others ; tbe interspaces are as

wide as the bars, or usually wider. Fins yellowish, without distinct markings, in the
males all very dusky except the anal."

• ' This species is ledescribed by Jordan (Proc. U. S. Nat. Mus , 1884, 322).

^Fundulus extensus Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 355. Cape San
Lucas.

3 Fundulus menona appears to be identical with F. diaphanus.

* Fundulus nigrofasciatus seems to be the young of Fundulus heteroclitus.

6 Fundulus vinctus Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 355. Cape San
Lucas.

^Zygonectes zonifn- Jordan & Meek, Proc. U. S. Nat. Mus., 1*84. Allamaha R., Ga.
7 ? Fundulus cii.gulatus Cuv. & Val. —Haplochilus chrysotus Giintber= Fundulus zon-

atus C. & V., not Esox zonatus Mitchill, which is a young Fundulus. For descriptions

of this species see Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 586, and Jordan,
op. cit., 1884, 320. It is best to use the name of chrysotus for this species, as cingtilatus

cannot be positively identified, and zonatus was originally given to some other fish.

8 The description of Zygonectes cingulatus given in the Synopsis (p. 342) belongs to

this species. It is probably distinct from Z. chrysotus, as the latter has no dorsal

ocellus in either sex.
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161.—GAMBUSIA Poey. (161)

585. Gambusia patruelis 1 Baird & Girard. Vs. (551, 552, 562)

586. Gambusia humilis2 Giiuther. Vsw. (554, 463)

587. Gambusia arlingtonia3 Goode & Beau. Vse. (564)

588. Gambusia affinis3 Baird & Girard. Vsw. (565)

589. Gambusia nobilis3 Baird & Girard. Vsw. (566)

590. Gambusia senilis3 Girard. Vsw. (566 b.)

162.—MOLLIENESIA Le Sueur. (162)

591. Mollienesia latipinna* Le Sueur. S. (567,5676.)

163.—PCBCILIA Bloch & Schneider. (163)

592. Poecilia couchiana Girard. Vsw. (568)

164.—HETERANDRIA6 Agassiz. (164)

593. Heterandria formosa Agassiz. Vse. (164)

594 Heterandria occidentalis Baird & Girard. R. (570)

595. Heterandria ommata6 Jordan. Vse.

Family LV.—UMBRID^. (50)

165 —UMBRA Miiller. (169)

596. Umbra limi Kirtland. Vnw. (571)

596 b. Umbra limi iiygmasa DeKay. Ve.

Family LVL—ESOCXD^. (51)

166.--ESOX Linnaeus. (167)

§ Picorelhis Rafiuesque.

597. Esox americanus Gmelin. Ve. (573)

598. Esox vermiculatus Le Sueur. V\v. (574)

599. Esox reticulatus7 Le Sueur. Ve. (575)

l Zygonecles atrilatus, Zygonectes inurus, Haplochilus melanops, Gambusia holbrooki, and

probably Gambusia arlingtonia also, are identical with Gambusia patruelis.

2 Gambusia humilis Gi\nth.ev=Zygonectes brachypterus Cope, seems to be distinct i'rorn

Gambusia patruelis. It abounds in the streams of Texas, and may be known at once

from G. patruelis by the absence of the black suborbital spot.

3 Doubtful species, unknown to me.

* Mollienesia Uneolata is identical with M. latipinna.

6 The name Heterandria Agassiz, Amer. Journ. Sci. Arts., 1853, as now restricted is

identical with Girardinus, and must supersede this later name. The type is Heterandria

formosa Agassiz. As origiually defined, both Gambusia and Girardinus were included

in Heterandria. See Jordan & Meek, Proc. U. S. Nat. Mus., 1884, 236.

^Heterandria ommata Jordan, Proc. U. S. Nat. Mus., 1884, 323. Indian R., Florida.

''This species should stand as Esox vermiculatus, instead of Esox salmonens or Esox

nmbrosus.

To the synonymy add:

{E6o£ vermiculatus, Esox lineatus, and ? Esox lugubrosus Le Sueur MSS. iu Cuv. & Val.,

XVIII, 333, 335, 338, 1846.)



[51] CATALOGUE OF THE FISHES OF NORTH AMERICA. 839

§ Esox.

600. Esox lucius Linnteus. Eu. Vn. (576)

v> Mascalongus Jordan,

601. Esox nobilior Thompson. Vn. (577)

Order Q—XENOMI. 1

Family LVII.—DALLUDE.

167 —DALLIA Beau. (166)

602. Dailia pectoralis Bean. Y. (572)

Order R—COLOCEPHALI.2

Family LVIIL—MUK^ENID^E. (52.)

168.—MURiENOBLENNA3 Lacepede.

603. Muraenoblenna nectura Jordan & Gilbert. P.

169.—MURiENA Linnaeus. (168)

604. Mureena retifera Goode & Bean. S. (578)

605. Muraena pinta4 Jordan & Gilbert. P.

170.—SIDERA Kaup.

606. Sidera castanea 5 Jordan & Gilbert. P.

607. Sidera mordax Ay res. C. (579)

608. Sidera dovii 6 Gunther. P.

609. Sidera ocellata Agassiz. S. (5tt0)

•The genus DalUa, although agreeing in many external characters with Umbra,

has very little affinity with that group or any other of our fishes. Its skeleton is so

peculiar in structure that it has been taken by Dr. Gill as the representative of a

peculiar order or suborder, Xenomi, which is thus defined :

"Teleosfcs with the scapular arch free from the cranium laterally and only abut-

ting on it behind, coracoids represented by a simple cartilaginous plate without de-

veloped actinosts, and with the intermaxillary and supramaxillary bones coalescent."

(asvoS, strange ; o/aoi, shoulder.)
2 Order Colocephali Cope, Trans. Am. Philos. Soc, 1871, 456 (includes the Hurce-

nidce).
3MuKiENOBLENNA Lacepede.

(Gymnomurcena Gunther, not of Lacope'de, as restricted by Kaup.)

(Lacepede, His. Nat. Poiss., V, 652, 1803 ; type Muraenoblenna olivacea Lacepede.)

This genus differs from Muraena chiefly in the reduction of the fins to a short fold,

surrounding the tail. Posterior nostrils not tubular. Gape, moderate. Tropical

seas. (Mvpaiva, eel
;
f3A.svva, slime. " Blenna en grec, signified rnucosite*." Lace"-

pede.) Muraenoblenna nectura= Gymnomuraena nectura Jordan & Gilbert, Proc. U. S.

Nat. Mus., 1882, 356. Cape San Lucas.
* Muraena pinta Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 345. Gulf of California

and southward.
5 Sidera castanea Jordan & Gilbert, Proc. U. S. Nat. Mus., 1883, 208. Mazatlan and

southward. In this paper is an analysis of the characters of the species of Sidera

found on the Pacific coast of America.
6Muraena dovii Gunther, VIII, 103, 1870 ; =Muraena pintita Jordan & Gilbert, Proc.

U. S. Nat. Mus., 1881, 346 ; 1883, 209. Mazatlan to Gallapagos Islands.
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610. Sidera funebris ' Ranzani. P. (580 b.)

611. Sidera moringa Cuvier. P. (580 c.)

Ordeh S—ENCHELYCEPHALP (0.)

Family LIX.—COXGRID^. 3 (53 part.)

171.—ICHTHYAPUS * Barneville.

612. Ichthyapus selachops Jordan & Gilbert. P.

172.—LETHARCHUS Goode & Beau. (168 6.)

613. Letharchus velifer Goode & Bean. S. (580 6.)

173.—CALLECHELYS 6 Kaup. (169)

614. Callechelys scuticaris Goode & Bean. S. (581)

615. Callechelys teres Goode & Bean. S. (5816.)

616. Callechelys bascanium 6 Jordan. W.

'The species called in the Synopsis (p. 895) Murcena afra should stand as Murcena
or Sidera funebris.

In life this species is bright yellowish green, with some oblique dark streaks on the
fins. It reaches a very large size and is much dreaded by fishermen. To its synonymy
add: Gymnotliorax funebris Ranzani, Nov. Comm. Ac. Sci. Inst. Bonon., IV, 1840, 76;
Murcena lineopinnis Richardson, Voy. Erebus & Terror, 1844, 89 ; Murcena infernalis

Poey, Memorias Cuba, II, 347, 1861 ; Murwna afra Giinther, IX, 123 ; apparently not
Gymnothorax afer, Bloch, Ausl. Fische, 1797, IX, 85, tab. 417, a fish from Guinea, de-
scribed as being brown, marbled, and banded with white. The present species is al-

ways unicolor, green in life, and brown in spirits.)

2Enchelycephali Cope, Trans. Am. Philos. Soc, 1871, 455.
3 Thefamily of Anguillidce, as given in the text, is not a natural one. For the present

we may subtract the aberrant genera Angnilla and Simenchelys, leaving the remaining
genera in one group, Congridw.

4 Ichthyapus Barneville.

(Ophisuraphis Kaup; Apterichthys Durne'ril.)

(Barneville, Revue Zoologique, 1847, 219; type Ichthyapus acutirostris Barneville.)

This genus differs from Ophichthys chiefly in the entire absence of fins. The snout
projects beyond the small mouth, giving a shark-like physiognomy, and the teeth are

small, mostly uniserial. ("fyQuS, fish; aitov 5, without feet.) Ichthyapus selachops

=

Apterichthys selachops Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 356. Cape San
Lucas.

5 Callechelys Kaup (see Synopsis, p. 897), is distinguished from Coecula by the
development of the dorsal fin, which begins on the head. In Coecula {Sphagebranchus),

it begins behind the gill opening.
6 Callechelys bascanium Jordan.

Dark brown, nearly uniform ; fins a little paler. Body extremely slender, subterete,

its greatest depth little more than two-fifths length of head ; head short ; snout 7 in

head; mouth very small, the lower jaw thin, included, not extending to the anterior

nostril, which is in a short tube ; teeth short, subconic, bluntish, a little unequal,

their points directed backwards ; lower teeth nearly uniserial ; upper teeth uniserial

laterally, partly biserial anteriorly ; vomerine teeth forming a rhombic patch. Eye
moderate, its length more than half that of snout, its center nearly over middle of

upper jaw ; cleft of mouth 3J in length of head. Gill openings vertical, about as

wide as isthmus ; its upper edge on level of upper base of pectoral
;
pectoral developed,

email, a little broader than long, nearly as long as snout ; dorsal fin very low, begin-

ning at a point midway between front of eye and gill opening; anal similar to dorsal.
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174.—OPHISURUS 1 Lacepede. (170 6.)

617. Ophisurus acuminatus - Gronow. W. (584 6.)

618. Ophisurus xysturus 3 Jordan & Gilbert. P.

175.—OPHICHTHYS 1 Abl. (170)

619. Ophichthys miurus 4 Jordan & Gilbert. P.

620. Ophichthys triserialis Kaup.' C. P. (583)

621. Ophichthys ocellatus Le Sueur. P. (584)

622. Ophichthys guttifer 6 Beau & Dresel. W.
623. Ophichthys macrurus Poey. W. (583 6.)

624. Ophichthys chrysops Poey. W. (583 c)

625. Ophichthys zophochir 6 Jordan & Gilbert. P.

626. Ophichthys schneideri 7 Steindacbuer. W. (582)

627. Ophichthys intertinctus 8 Richardson. W.

Head 11 J iu distance from top of snout to vent ; bead and trunk a little longer than

tail. Length of type, 31 inches; head, If; trunk, 14£. Egruont Key, Florida; dis-

tinguished from C. teres by the very short bead.

{Ccecula bascanium Jordan, Proc. Ac. Nat. Sci., Pbila., 1884, 43.)

1 For a discussion of the correct application of the names Ophichthys, Ophisurus, and

Ccecula see Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 648.

2 As stated in the Synopsis, p. 974, the name acuminatus should supersede longus for

this species.

3 Ophichthys xysturus Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 346. Mazatlan

to Panama.
*Ophiohthya miurus Jordan & Gilbert, Proc. U. S. Nat. Mus. , 1882, 357. Cape San Lucas.
6 Ophichthys guttifer Bean & Dresel.

Allied to 0. ocellatus Le Sueur. Greatest depth equal to distance from angle of

moutb to tip of snout. Dorsal fin beginning at a distance behind vertical from tip

of pectoral equal to length of snout. Pectoral nearly 3£ in head ; head 8 in total

length, 2f in trunk. Eye L} in snout ; 9 in bead. Twenty-one oi 22 small white

spots along median line. Gulf of Mexico. (Bean & Dresel, Proc. Biol. Soc, Washing-

ton, II, 1884, 99.)

6 Ophichthys zophochir Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 347. Mazatlan.
7 The specimens which we have referred to Ophichthys punctifer (mordax) belong rather

to Ophichthys schneideri Steindachuer.

Yellowish brown ; head with small dark brown elongate spots ; sides with about

three rows of rather large oval spots, the lower disappearing behind the vent, number
of rows becoming greater anteriorly ; broad half spots along upper margin of dorsal,

and bordered with blackish. Head 3£ in trunk; snout conical, blunt anteriorly.

Cleft of mouth very long, 2 in head ; eye 11 ; snout 7. Teeth in both jaws in two rows,

those of the outer row in both very sharp, unequal, some of them quite long, those of

the inner row smaller and subequal ; vomerine teeth rather small, in two roios, diverging

forward; one or two long canines in front, behind the two series of the upper jaw.

Both nostrils with short tubes. Pectoral 4 in head ; dorsal beginning about 1-J- eye's

diameters behind the point of the pectoral. Tail longer than the rest of the body by

1| bead's lengths. (Steindachner. ) West Indies, occasionally taken from the stomachs

of Red Snappers at Pensacola. Apparently distinct from 0. punctifer (=0. mordax),

having the vomerine teeth in two rows instead of three.

Crotalopsis mordax Goode & Bean, Proc. U. S. Nat. Mus., 1879, 154 ; not Macrodonophis

mordax Poey; Steindachner, Ichtb. Beitr., VIII, 67, 1879; Jordan & Gilbert, Proc.

U. S. Nat. Mus., 1883, 143.)

8 Ophichthys intertinctus.

Dark brown above, paler below ; sides and back with about three rows of large

ovate brown spots, somewhat irregular in size and position, those of the upper row
smallest, the large and small ones of the lower rows somewhat alternating. Spots

on head small and numerous. Dorsal with an interrupted dark margin; anal with
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176—MYRICHTHYS Girard. (171

1

628. Myrichthys tigrinus Girard. C. (585)

177.—MYROPHIS Liitken. 171 b.)

629. Myrophis lumbricus Jordan A Gilbert. S. (585?).)

630. Myrophis punctat us 1 Liitken. W. (585 c.)

631. Myrophis vafer- Jordan & Gilbert. P.

632. Myrophis egmoutis 3 Jordan. W.

178.—NEOCONGER Girard. (172)

633. Neoconger mucronatus Girard. W. (586)

179—NETTASTOMA4 Rafinesque.

634. Nettastoma procerurn Goode & Baan. B.

a darker edge ;
pectorals blackish. Gill openings wide, the isthmus rather narrow

;

head 3J in trunk. Cleft of mouth very wide, nearly half length of head. Teeth

sharply pointed, with a few large fixed canines in both jaws, and one or two larger

ones iu front of upper jaw; about 4 moderate canines near front of lower jaw; teeth

in both jaws in double series, those of the inner series in the upper jaw depressible.

Vomer with a double series confluent behind. Eye small, 1-J in snout, which is about

6-J iu head. Pectoral about 5 in head. Dorsal commencing a little behiud end of

pectoral. Tail rather longer than rest of body. West Indies, north to Egiuont Key,

Florida.

(Ojrfnsurus intertinclus Richardson. Ereb. & Terr. Fish., 102; Echiopsis intertinetua

Kaup, Apodes, 13, 1858; Giinther, VIII. 57; Ophichthya intertinetua Jordan, Proc. Ac.

Nat. Sci. Phila., 1884, 43.)
1 Myrophis punctatua Liitken= Myrophis Tnicrostigmiua Poey. To the synonymy, add

—

(Liitken, Vid. Med. Naturh. Foren. Kjobenh., 1851, 1; Myrophis lonyicollis Kaup,
Apode>, 30, 1>58 : Jordan, Proc. Ac. Nat. Sci. Phila., 1883, 282; not of Giinther, VIII,

51,= M. vafer Jor. & Gilb.)

Myrophis vafer Jordan & Gilbert. Proc. U. S. Nat. Mus., 1882, 645. Guaymas to

Panama.
;5 Mt/ro2>Jiix egmontis Jordan.

Dark brown, apparently uniform, somewhat paler below ; head small, sleuder, mod-
erately pointed; anterior nostril in a short tube; posterior, large, labial directly be-

hind it ; cleft of mouth rather short, extending to beyond th« rather large eye, which
is more than half the length of the snout ; cleft of m»uth, 3£ in head ; teeth on both
jaws subeqnal, pointed, slightly compressed, arranged in single series, those of both
jaws directed somewhat backward ; the lower teeth larger and more oblique than the

upper ; about four small fixed canines in front of upper jaw ; uo teeth on vomer iu two
specimens examined ; tongue not free ; lower jaw considerably shorter than upper, its

edge considerably curved, concave in outline. Nape somewhat elevated ; top of head
with large pores. Head 5£ in distance from snout to vent ; head and trunk a little

shorter than tail ; body slender, its greatest depth a little more than length of gape.

Pectoral short and broad, slightly longer thau snout ; the gill opening short, oblique,

exteudiug dowuward and backward from near the middle of the base of the pectoral.

Dorsal fin beginning behind vent, at a distance about equal to length of gape; the

fin very low in front, becoming gradually higher towards the tip of tail; anal low,

but well developed, considerably higher than dorsal, highest anteriorly, uniting with
the dorsal around the tail. Length, 15 inches. Egmont Key, Florida.

(Jordan, Proc. Ac. Nat. Sci. Phila,. 1^-4, 44.)

4 Nettastoma Rafinesque.

(Hyoprorus Kcilliker ; larva.
|

(Rafinesque, Caratteri di AlcuniNuovi Generi, &c, 1810, 66 ; type Xettastoma mela-

nura Raf.)

Scaleless. Tail tapering into a point. Snout much produced, depressed; jaws and
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180.—MURiENESOX 1 McClelland.

635. Mureenesoz coniceps Jordan & Gilbert. P.

181.—CONGER- Cuvier. (174)

636. Conger conger Linn. >-n-. N. S. W. En. P. (088)

637. Conger caudicula Bean. W. 58c b.

Family LX.—ANGUILLID^.
182.—ANGUILLA Thunberg. (173)

638. Anguilla anguilla rostrata !)< Kay. V. N. S. W. (587)

vomer with bands of cardiform teeth, tbose along the median line of the vomer being

somewhat the larger. Vertical fins well developed, the dorsal commencing behind

gill opening; no pectorals. Gill openings moderate. Nostrils on npper surface of

head, valvular, the anterior near end of snour. the posterior above anterior angle of

eye. Air bladder present. (Nettcc, duck ; ctona, rnouth.)

Nettaatoma procerum Goode & Bean.

Body extremely elongate, compressed, especially so posteriorly, the tail tapering to a

very attenuate point. Head slender, conical, the jaws somewhat depressed, the upper

heavier and thicker, projecting beyond the lower a distance equal to the diameter of

the eye. Numerous pores on both jaws and on the nape. Snout with a slender fila-

mentous tip, twice as long as the eye. Teeth arranged as in X. melanurum, but excess-

ively small. Dorsal commencing above gill opening. Insertion of anal at a distance

from snout equal to 3§ times length of head. Tail twice as long as head and body.

Lateral line well developed, in a deep furrow. Height of dorsal and anal about half

depth of body, brownish: peritoneum black. (Gulf Stream, in deep water, at about

lat. 34°. (Goode $ Bean.)

(Goode & Bean, Bull. Mus.Comp. Zool., 1882, 224.)

1 Muk^exesox McClelland.

( !jnoponticii8 Costa.)

Form of Conger: Body scaleless; snout long; posterior nostrils opposite upper part

of eye: tongue not free; jaws with several series of small, close-set teeth, with ca-

nines in front; vomer with several series of strong teeth, those of the mediau series

enlarged and usually compressed; gill openings wide; pectorals well developed; dorsal

beginning above the gill opening, continuous with the anal around the tail. Large

eels of the tropical seas.

Muramesox coniceps Jordan & Gilbert, Proc. U. S. Nat. Bins., 1881, 348. Mazatlan

to Panama.
* 3The name Conger should probably be retained for this genus. It does not appear

to be entirely certain that Leptocephalus rnorrisi is a larval Conger. Eehelus Rafinesqne

(1810) is based in part on Congers, but most of the numerous typical species remain

unidentified.

3 Mr. S. E. Meek (Bull. U. S. Fish Comm., 1>j83, 430), after a careful comparison of

American and European eels, concludes that "in American specimens the dorsal fin is

proportionately farther from the end of snout, making the distance between front of

dorsal and front of anal a little shorter than in European specimens. Otherwise no

permanent difference seems to exist. We should not, therefore, in my opinion, con-

sider the two as distinct species, but rather as geographical varieties of the same
species."

In A. rostrata, according to Mr. Meek, the distance fiom tip of snout to front of

dorsal is, on an average, .33J of the length; the distance from front of dorsal to front

of anal, .09f, or less than length of head (.12£).

In the European Anguilla anguilla the first distance is . 30-J-, the second, .13$-, or a

little more than length of head (.13J-). Cuban specimens (Anguilla cubana Kaup)
agree fully with A. rostrata. as also Texan ones (Anguilla "tyratmus" or " texana").

Probably our eel should be regarded as a subspecies (rostrata) of A. anguilla.
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Family LXL—SIMEXCHELYID^.

183.—SIMENCHELYS Gill. (174)

639. Simenchelys parasiticus Gill. B. (589)

Family LXIL—SYXAPHOBRAXCHID^E. (54)

184.—SYNAPHOBRANCHUS Johnson. (176)

640. Synaphobranchus pimiatus Gronow. B. (590)

185.—HISTIOBRANCHUS 1 Gill.

641. Histiobranchus infernalis Gill. B.

Family LXIIL—NEMICHTHYID^ Richardsoii. (56)

186—NEMICHTHYS Richardson. (178)

642. Nemichthys scolopaceus Richardsou. B. (592)

643. Nemichthys avocetta Jordan & Gilbert, B. C. (593)

187. -LABICHTHYS 2 Gill & Ryder.

644. Labichthys carinatus 3 Gill & Ryder. B.

645. Labichthys elongatus 4 Gill & Ryder. B.

1 HlSTIOBBANCHUS Gill.

(Gill, Proc. U. S. Nat. Mus., 1883, 255; type, Histiobranchus infernalis Gill).

" Synaphobranchid, with the dorsal fin protracted almost as far forward as the base

of the pectoral fin, and au isolated small patch of teeth on the vomer, behiud that on

its head." ("IStiov, sail, i. e., dorsal fin; Bpayxos, gill; dorsal commencing above gill

opening).

Histiobranchus infernalis Gill. Proc. U. S. Nat. Mus., 1882, 255. Gulf Stream, lati-

tude 35°, at a depth of 1,731 fathoms.

- Labichthys Gill & Ryder.

(Gill & Ryder, Proc.U. S. Nat. Mus., 1883, 261 ; type. Labichthys carinatus Gill &
Ryder.)

" Nemichthyids with the head behind the eyes, contracted, with very attenuated

jaws, the branchiostegous membrane connected to the throat, and the branchial ap-

ertures limited to the sides, with small conical teeth in a band along the vomer, and

otherwise dentition of Nemichthys, a black epidermis, and the tail abruptly truncated.

{Aafiii, a pair of forceps ; Ix^v-,, fish. ) This jjjenus and the two which follow are very

insufficiently described. In none of them is the character of the posterior dorsal rays

described.
3 Labichthys carinatus Gill & Ryder, Proc. U. S. Nat. Mus., 1883.261. Gulf Stream,

latitude 41°, at 906 fathoms.

* Labichthys elongatus Gill & Ryder, 1. c, 1883, 262. Gull' Stream, latitude 39°, at

1,628 fathoms.
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188.—SPINIVOMER 1 Gill & Ryder.

646. Spinivonier goodei Gill & Ryder. B.

189.—SERRIVOMER * Gill & Ryder.

647. Serrivonier beani Gill & Ryder. B.

Order T—LYOMERI 3

Family LXI\ .—SACCOPHAKYXGLD^E. (55)

190.—SACCOPHARYNX Mitchill. (177)

648. Saccopharynx ampullaceus 4 Harwood. B. (501)

Family LXV.—EUEYPHAEYNGID^.5

1 Spinivomer Gill & Ryder.

(Gill & Ryder, Proc. U. S. Nat. Mus., 1883, 261; type, Spinivomer goodei G. & R.)
" Nemiclithyids with a rectilinear occipitorostral outline, with very attenuated jaws,

high mandibular rami, the branchial aperture nearly confluent, enlarged acute conic

teeth in a median row on the vomer, and with a silvery epidermis and filiform tail."

(Latin, spina, spine; vomer, vomer.)

Spinivomer goodei Gill & Ryder, 1. c, 261. Gulf Stream, latitude 38°, at 2,361

fathoms.
3 Serrivomek Gill & Ryder.

(Gill & Ryder, Proc. U. S. Nat. Mus., 1883, 260; type, Serrivomer beani G. & R.)
' Xemichthyids with the head behind eyes of an elongated parallelogramic form,

with moderately attenuated jaws, branchiostegal membrane confluent at posterior

margin, but with the branchial aperture limited by an isthmus except at the margin,

and with lancet-shaped vomerine teeth in a crowded (sometimes doubled) row."

(Latin, serra, saw; vomer, vomer.)

Serrivomer beani Gill & Ryder, 1. c, 261. Gulf Stream, latitude 41°, at 855 fathoms.

3 Order T.—LYOMERI.
" Fishes with five brauchial arches (none modified as branchiostegal or pharyngeal)

far behind the skull, an imperfectly ossified cranium articulating with the first ver-

tebra by a basioccipital condyle alone, only two cephalic arches, both freely mo 'able,

(1) an anterior dentigerous one, the palatine, and (2) the suspensorial, consisting of

the hyomandibular and quadrate bones, without maxillary bones or distinct bony
elements to the mandible, with an imperfect scapular arch remote from the skull, and
with separately ossified but imperfect vertebrae." (Gill & Ryder.)

Two families are recognized (Saccopharyngidce and Eurypharyngidce), deep sea fishes

of remarkable appearance, allied to the eels. The species are little known, and are

possibly all forms of a single one. (Avo?, loose
; juepoi, part or segment.) (Lyomeri

Gill & Ryder, Proc. U. S. Nat. Mus., 1883, 263.)
4The name Saccopharynx flagellum was not given by Mitchill, but by Cuvier (Regno

Animal, Ed. II) in 1829. The name ampullaceus of Harwood has therefore priority, it

really referring to the same species. For an exhaustive discussion of our knowledge
of Saccopharynx and its relationships see Gill, Proc. U. S. Nat. Mus. , 1884, 48.

6 The family Eurypharyngidw is thus defined by Gill & Ryder

:

"Lyomeri with the head flat above and with a transverse rostral margin, at the

outer angles of which the eyes are exposed, with the eyes excessively elongated back-

wards and the upper parallel and closing against each other as far as the articulation
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191.—GASTROSTOMUS ' Gill & Ryder.

649. Gastrostomus bairdii Gill & Ryder. B.

Order U.—OPISTHOMI. (P)

Family LXVI.—PTILICHTHYID^. 2 (56 &.)

192.—PTILICHTHYS Beau. (179)

650. Ptilichthys goodei Beau. A. (594.)

Family LXYIL—KOTACANTHID^.

193—NOTACANTHUS Bloch. (180)

651. Notacanthus chemnitzi Bloch. G. B. (595)

652. Notacanthus phasganorus Goode, B. (595/.)

653. Notacanthus analis 3 Gill. B.

of the two suspensorial bones, with minute teeth in both jaws, with a short abdomen

and long, attenuated tail, branchial apertures narrow and very far behind, dorsal

and aual fins continued nearly to the end of the tail, and minute pectoral fins.

" The mandibular rami are exceedingly narrow and slender, but the jaws are ex-

tremely expansible and the skin is correspondingly dilatable, consequently an enor-

mous pouch may be developed. Inasmuch as the slenderness and fragility of the

jaws aud the absence of raptatorial teeth preclude the idea of the species being true

fishes of prey, it is probable that they may derive their food from the water which

is received into the pouch by a process of selection of the small or minute organisms

therein contained." The skin of the pouch has a peculiar velvety appearance, like

the wing membraue of a bat. Two species are known, provisionally referred to two

genera, Eurypharynx pelecanoides Vaillaut and Gastrostomus bairdii. Both are from

great depths in the sea, the former having been taken by the " Travailleur," in 1882,

off the coast of Morocco.

(Eurypharyngidas Gill & Ryder, Proc. U. S. Nat. Mus., 1883, 264.)

1 Gastrostomus Gill & Ryder.

Gill & Ryder, Proc. U. S. Nat. Mus., 1883, 271 ; type Gastrostomus bairdii G. & R.

This genus is supposed to be distinguished from Eurypharynx by the following char-

acters: Cranium short, nearly as broad as long ; dentigerous bones almost seven times

length of cranium
;
jaws with miuute, acute, conic teeth depressed inwards, in a very

narrowband; no enlarged teeth at tip of mandible; tail with a rayless membrane
under its tip. (radrr/p, stomach ; drojua, mouth.)

{Gastrostomus bairdii Gill & Ryder, 1. c, lb83, 271. Gulf Stream, lat. 40°, in deep

water.)

Eurypharynx pelecanoides (Vaillant, Coinptes Rendus Acad. Sci. Paris, 1882, 1232) is

supposed to differ iu having the "cranium prolonged backwards, the dentigerous

bones little more than thi-ee times as long as the cranium ; faint dentary granulations

on both jaws and at the extremity of the mandible two hooked teeth; the tail end-

ing in a point." It is not uulikely that the two species may prove identical.

2 It is almost certain that Ptilichthys has little relation to the Mastacembelidat. It

should probably be regarded as a distinct family, Ptilichthyidce, but whether this fam-

ily belongs to the Opisthomi or to the Acanthopteri cannot be ascertained without ex-

amination of the skeleton.
z Notacanthus analis Gill. Proc. U. S. Nat. Mus. 1883, 255. Gulf Stream, latitude

40'' at a depth of 548 fathoms.
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Order V.—SYNENTOGNATHI. (Q)

Family LXVIII.—BELONIDiE. 1 (57 pt)

194.—TYLOSURUS =Cocco. (161)

654. Tylosurus hians Cuv. & Val. W. (696)

655. Tylosurus fodiator 3 Jordan & Gilbert. P.

656. Tylosurus crassus 4 Poey. W. (600 6.)

657. Tylosurus caribbaeus Le Sueur. W. (597)

658. Tylosurus notatus Poey. W. (598)

659. Tylosurus sagitta 5 Jordan & Gilbert. W.
660. Tylosurus marlnus Block & Schneider. N. S. (599)

661. Tylosurus exilis Girard. C. (600)

662. Tylosurus stolzmanni 6 Steindachner. P.

'According to Dr. Gill the structure of the skeleton in Belone, Tylosurus and Pota-

morrhaphis differs so much from that of the other Scomberesocidce that these genera

should be placed in a distinct family, Belonidce.

2 The identification of our species of Tylosurus may be aided by the following key.

a. Body strongly compressed, somewhat band-like, about twice as deep as broad
;

beak slender, the upper jaw strongly arched at base ; dorsal and anal

very long, the posterior rays elevated ; D. 24 ; A. 25 Hians.

aa. Body subcylindrical, or not greatly compressed.

o. Dorsal and anal long, each with 20 or more rays, their posterior rays prolouged

in the young, short in the adult; scales small; beak strong, with

large teeth ; lateral line passing into a dark-colored keel on tail, no

bluish lateral band ; size large.

c. Beak very strong, not twice as long as rest of head ; body comparatively

stout ; depth about 14.

(1. Dorsal rays about 19 ; anal 17. Fodiator.

dd. Dorsal rays about 23. A. 23 Crassus.

ec. Beak twice or more length of rest of head; body comparatively slender;

depth about 18, D. about 25, A. about 24 CARiBBiEUS.

bb. Dorsal and anal short, each with less than 20 rays; the last rays not prolonged;

beak long and slender ; sides with a bluish lateral band ; size small.

e. Caudal j>eduncle posteriorly compressed, the lateral line not dark and not

forming a keel.

/. Body very broad, robust; dorsal very short, its lobe orange-red in life;

maxillary hidden by preorbital. D. 13 ; A. 14 Notatus.

ff. Body very slender, subterete; dorsal moderate, not red ; maxillary not

hidden by preorbital. Eye small. D. 14, A. 16 Sagitta.

e. Caudal peduncle posteriorly depressed; lateral line forming a slight keel

which is blackish in color; eye rather large; D. 15; A. 18..Marinus.

ee. Caudal peduncle depressed, with" a strong keel; maxillary not entirely

hiddeu. D. 15 or 16 ; A. 17.

g. Pectorals plain olivaceous ; dorsal and anal lobe pale Exilis.

gg. Pectorals abruptly black at tip ; dorsal and anal lobes blackish ...

Stolzmanni.
3 Tylosurus fodiator Jordan & Gilbert, Proc. U. S. Nat. Mus., 18^1, 459. Mazatlan.

4 Belone crassa Poey, Memoriae Cuba, II, 1860, 291 = Tylosurus gladius Bean, Proc.

U. S. Nat. Mus., 1882, 430= Tylosurus crassus Jordan, Proc. U. S. Nat. Mus., 1884,

112 (not Belonejonesi Goode). Pensacola southward.

B Tylosurus sagitta Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 25. Key West.

H Belone stolzmanni Steindachner, Ichthyol. Beitriige, VII, 21, 1878 = Tylosurus

sierrxta Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 458. Gulf of California to

Peru.
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195.—SCOMBERESOX Lac<5pede. (182)

663. Scomberesox saurus Walbaum. N. S. O. En. (601)

664. Scomberesox brevirostris Peters. C. (602)

196.—HEMIRHAMPHUS Cuvier. (183)

665. Hemirhamphus unifasciatus l Ranzani. W.
666. Hemirhamphus roberti 2 Cuv. & Val. S. P. (603)

667. Hemirbampbus rosae Jordan & Gilbert. C. (604)

668. Hemirhamphus pleei 3 Cuv. & Val. S. W. P. (604 b.)

197.—EULEPTORHAMPHUS Gill. (18:5 6.)

669. Euleptorhamphus longirostris Cuvier. 0. (605)

198.—CHRIODORUS Goode & Bean. (183 c.)

670. Cbriodorus atberinoides Goode & Bean. W. (605 b.)

199.—PAREXOCCETUS Bleeker.

671. Farexoccetus mesogaster 4 Bloch. W. S. (607 b.)

200.-HALOCYPSELUS Weinland. (184)

672. Halocypselns evolans 5 Linnaeus. S. (606; 607)

1 Hemirliamphus unifasciatus Ranzani. Clear greenisb with bluish luster; a silvery

iateral band ; no red on fins ; tip of lower jaw scarlet. Very close to H. unifasciatus,

differing chiefly in the shorter beak, and the less compressed and more robust body.

Lower jaw from end of upper jaw 6 to 7 in total length from its tip to base of caudal,

(4J in H. roberti) its length always less than that of rest of head; head with lower

jaw, 3 ; body half deeper than broad
;
premaxillaries broader than long ; eye less than

interorbital width, g postorbital part of head ; ventrals midway between eye and base

of caudal; dorsal and anal densely scaly ; back broad. Head 4|, depth 6^. D. 12 to

14, A. 15, lat. 1. 52, length 12 inches. Florida Keys to Cuba and Panama, represent-

ing H. roberti southward.

Hemirhamphus unifasciatus Ranzani, Comm. Inst. Bon., 1842, V. 326, tab. 25; not of

most recent authors ; ? Hemirhamphus picarti Cuv. & Val. XIX, 1846, 25 (Hemirhamphus

riehardi Cuv. & Val., XIX, 1*46, 26 ; Hemirhamphus fasciatus Poey, Memorias Cuba, II,

209, 1860, not of Bleeker ; Hemirhamphus poeyi Gunther, VI. 262).

2 The species called in the text Hemirhamphus unifasciatus should stand as Hemi-

rhamphus roberti Cuv. & Val. Lower jaw longer than rest of head. South Atlantic

coast of United States and southward, also on the Pacific coast southward.

Instead of the synonymy in the text read : (Hemirhamphus roberti Cuv. & Val., XIX,

1846, 24 ; Gunther VI, 263, Hemirhamphus unifasciatus of most recent American au-

thors, not of Ranzani, whose species is the short billed one.)

A discussion of the species of this genus is given by Meek & Goss, Proc. Ac. Nat.

Sci. Phila., 1884.

3 The species called in the Synopsis (p. 902), Hemirhamphus brasiliensis, should appar-

ently stand as Hemirhamphus pleei.

*Exocmtu8 mesogaster Bloch, Ichthyol., XII, tab. 399= Exoceetus hillianus Gosse. See

Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 588.)
6 Exoceetus obtusirostris Gunther, seems to be identical with H. evolans.
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201.—EXOCCETUS 1 Linnaeus. (185,186)

673. Exocoetus exiliens 2 Gnielin. O. S. (613)

674. Exocoetus rondeleti 3 Cuv. & Val. S. O. Eu. (609)

675. Exocoetus vinciguerree 4 Jordan & Meek. N. O. (609)

£76. Exoccetus volitans 6 Linnaeus. N. S. W. (611)

677. Exocoetus heterurus Rafinesque. N. S. Eu. (610, 613)

678. Exocoetus furcatus Mitchill. 0. (612)

679. Exocoetus californicus Cooper. C. P. (608)

680. Exoccetus gibbifrons Cuv. & Val. O.

Order W.—LOPHOBRANCHII. (R.)

Family LXIX.—SYNGNATHID^E. (58, 59)

202.—SIPHOSTOMA Rafinesque (18?)

681. Siphostonia zatropis Jordan & Gilbert. W. (618 b.)

682. Siphostoma punctipinne Gill. C. (618)

683. Siphostoma californiense Storer. C. (616)

684. Siphostoma griseolineatum Ayres. C. (616 b.)

685. Siphostoma auliscus Swain. C. (617 6.)

686. Siphostoma barbarae 6 Swain & Meek. C. (616 c.)

687. Siphostoma bairdianum 7 Duinenl. P.

1 It is probable that Cypselurus is a young stage of Exocoetus. I have found on speci-

mens of Exocoetus mesogaster two short barbels at the symphysis of the lower jaw,

while in adult examples there is no trace of these appendages. For a full account of

our species of tbis genus, see Jordan & Meek, Proc. U. S. Nat. Mus. 1885.

2 The following is Gmelin's'account of Exocoetus exiliens:

* "Exocoetus pinnis ventralibus caudam attingentibus. D. 10, P. 15, V. 6, A. 11, C.

26. Habitat ad Carulinam, volitante statura siurilliinus, at vix digito longior, neque
argenteus. Garden.

"PinnaB pallidas, fascia una alterave uigricante, ventrales * * apice pinnani cau-

dae attingentes, i a caudas reniotae, * * inter caput et anum mediae, radio primo

brevi, pectorales, radio primo et secundo brevibus; caudalis lobus inferior longior."

( Gmelin.

)

3 Exocoetus volador Jordan, Proc. U. S. Nat. Mus., 1634, 34.

*Exoccetus rondeletii, Synopsis, p. 904, not of C. & V. ; Liitken, Vid. Meddel. Naturh.

Foren., 1876, 110.)

5Exocoetus volitans L. = Exocoetus melanurus Synopsis, p. 179; wee Cuv. & Val. ; Exo-

coehis exiliens Synopsis, p. 904, not of Gmelin; Exocoetus affinis Gunther, VI, 288; Ex-

ocoetus roberti Miiller & Troschel, Schoniburgk, Excurs. Barbadoes, 675 (probably).
6 The species, called in the Synopsis, Siphostoma bairdianum, should stand as Sipho-

stoma barbarce Swain & Meek, Proc. U. S. Nat. Mus., 1884,238. Santa Barbara.
7 The original Syngnathus bairdianus, from the "coast of Mexico near California,"

proves to be a different species, baving the technical characters of S. affine, but with

the snout longer and the crest on top of head rather feebler. The following is Dum6-
ril's original description

:

Head scarcely \ of total length, a little longer than dorsal base; muzzle longer by
a third than postocular part of head and equal to distance from front of eye to second

ring; median crest of head and nape feeble; that of opercle very 6inall. Rings

17+ 31. Tail at least half longer than trunk. Dorsal on 3 + 6 rings. P. 15, D. 30,

A. 3, C. 6. Yellowish, sutures marked, except below, by a brown line. Coast of

Mexico, near California.

S. Mis. 70 54
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688. Siphostorna ]eptorhynchum Girard. C. (617)

689. Siphostorna floridas Jordan & Gilbert. S. (615 b.)

690. Siphostorna affine Glinther. S. W. (614 b.)

691. Siphostorna louisianae Gunther. S. (615)

692. Siphostorna fuscum Storer. N. (614)

693. Siphostorna mackayi 1 Swain & Meek. W.
694. Siphostorna crinigerum - Bean & Dresel. S. W.

203.—DORYRHAMPHUS 3 Kaup.

695. Doryrhamphus californiensis Gill. P.

204.—HIPPOCAMPUS 4 Linnaeus.

696. Hippocampus ingens Girard. C.P. (620)

697. Hippocampus punctulatus Guichenot. W. (619 6.)

698. Hippocampus hudsonius Dekay. N. S. (619c.)

699. Hippocampus stylifer Jordan & Gilbert. S. (619 d.)

700. Hippocampus zosterae Jordan & Gilbert. S. (619 e.)

Order X.-HEMIBRANCHIL (S)

Family LXX.—MACBOBHAMPHOSID^. (60)

205.—MACRORHAMPHOSUS 6 Lacepede. (.189)

701. Macrorhamphosus scolopax Linnseus. Eu. (621)

1 Siphostorna mackayi Swain & Meek, Proc. U. S. Nat. Mus., 1884, 239; Key West. In

this paper is a very useful analysis of the characters of the species of this genus, supple-

mentary to a paper on the same subject by Mr. Swain, Proc. IT. S. Nat. Mus., 1882, 307.

2 Siphostorna crinigerum Bean & Dresel, Proc. Biol. Soc. Washington, II, 1884, 99.

Swain & Meek, Proc. U. S. Nat. Mus., 1884, 239. Pensacola to Key West.

3 Doryrhamphus Kaup.

(Kaup, Lophobranchii, 1856, 54 ; type Doryrhamphus exoisus Kaup.)

This genus differs from Siphostorna chielly in the position of the egg-pouch of the

male, which is under the abdomen instead of the tail. The angles of the body are

strongly ridged. Tropical seas. (Aopv, lance•; pa^oS, snout.)

Doryrhamphus californiensis Gill.

Yellowish brown, with a black streak from snout to axil. Snout half as long as

head, its crest formed of about ten irregular teeth, behind which are two others.

Double frontal crest well serrated. Ridge under orbit unarmed, but on side of snout

it is well serrated. Chin prominent but unarmed. Pectorals as long as opercle.

Caudal as long as snout. D. 25. Rings 20+16. Cape San Lucas (Gill). The types

are lost and no specimens have been since recorded.

(Gill, Proc. Ac. Nat. Sci. Phila., 1862, 284: Doryichthys californiensis Gunther VIII,

186.)

4 The family Hippocampidce should be, apparently, reunited with the Syngnathidw.

I here omit Hippocampus hippocampus ( = heptagonus Raf. ; antiquorum, Leach), not be-

lieving that that species has lieeu actually taken in American waters.

6 The reasons for using the name Macrorhamphosus for this genus instead of Centris-

cus are stated in Proc. U. S. Nat. Mus., 1882, 575. The original type of Centriscus is C.

scutatus.

A valuable discussion of "the mutual relations of the Uemibranchiate fishes" is

given by Dr. Gill, Proc. Ac. Nat. Sci. Phila., 1884, 154.
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Family LXXL—FISTULAIiHD^. (61)

206.—FISTULARIA Linn.-ens. (190)

702. Fistularia tabaccaria Linnaeus. S. W. (622)

703. Fistularia serrata Cuvier. O. (623)

704. Fistularia depressa 1 Giintlier. P.

Family LXXIL—AULGSTOMLFLE. (02)

207.—AULOSTOMA Lace"pede. (191)

705. Aulostoma maculatum Valenciennes. W. (624)

Family LXXIIL—AULORHYNCHID^E. (63)

208.—AULORHYNCHUS Gill. (191)

706. Aulorhynchus flavidus Gill. C. A. (625)

Family LXXIV.—GASTEROSTEID^. (64)

209.—PYGOSTEUS Brevoorfc.

707. Pygosteus pungitius Linneeus. N. Eu. (626)

707 b. Pygosteus pungitius concinnus Richardson. Vn.

707 c. Pygosteus pungitius brachypoda Bean. G.

210.—EUCALIA Jordan.

708. Eucalia inconstans Kirtland. Vn. (627)

708b. Eucalia inconstans cayuga Jordau. Vne.

211.—GASTEROSTEUS Linnams. (193)

709. Gasterosteus williamsoni 2 Girard. T.

71Q. Gasterosteus microcephalus Girard C.A. (628)

711. Gasterosteus (gymnurus?) cuvieri Girard. G. (629)

711b. Gasterosteus (cuvieri?) wlieatlandi Putnam. N.

712. Gasterosteus atkinsi Bean. "Vne. (630)

713. Gasterosteus aculeatus Linnaeus. N. Eu. (631)

713 b. Gasterosteus aculeatus cataphractus Pallas. A. (6316)

212.—APELTES Dekay. (194)

714. Apeltes quadracus Mitchill. N. (632)

1 Fistularia depressa Giintlier, Kept. Shore Fishes; Challenger, 1880,69; East In-

dies, Australia, China, and Lower California. Abundant in the Gulf of California.

Bones of the head less deeply sculptured than in F. serrata, hut with the two upper

lateral ridges of the snout also serrated ; interorhital space nearly flat. Two middle

ridges on upper surface of snout not very close together, diverging again on anterior

half of length of snout, converging again finally on the foremost part. Body much
depressed, nearly smooth, the skin being scarcely rough.

2 For a description of this species, see Rosa Smith, Proc. U. S. Nat. Mus. , 1883, 217. It

is a true Gasterosteus, and not an Eucalia, although having, the naked skin of the

latter eenns.
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Order Y.—PERCESOCES.

Family LXXV.—MUGILID^E. (65)

213.—MUGIL Linnaeus. (195)

715. Mugil cephalus 1 Linnaras. N. S. W. P. C. Eu. (633, 634)

716. Mugil gainiardianus 2 Poey. W.
717. Mugil curema3 (Juvier & Valencienues. N. S. W. P. (635)

718. Mugil trichodon 4 Poey. W.

214.—CHiENOMUGIL 6 Gill.

719. Chaenomugil proboscideus Giinther. P.

215.—QUERIMANA6 Jordan & Gilbert.

720. Querimana harengus Giinther. P.

721. Querimana gyrans Jordan & Gilbert. S. W.

216.—AGONOSTOMUS 7 Bennett,

722. Agonostomus nasutus Giinther. P.

1 The American species (albula) seems to be identical with the European (cephalus).

For a detailed account of the American Mugilidas, see Jordan & Swain, Proc. U. S.

Nat. Mus., 1884, 261.

"Mugil gainiardianus Poey, Ann. Lye. Nat. Hist., N. Y., 1875, 64. Cuba, Key
West. See Jordan & Swain, 1. c.

3 Mugil curema Cnv. & Val.— Mugil brasiliensis of authors, not of Agassiz. See

Jordan & Swain, 1. c.

4 Mugil trichodon Poey. Cuba and Key West.

In the paper above cited, we have adopted the name Mugil brasiliensis for this

species. This is perhaps too hasty, as the Mugil brasiliensis of Agassiz seems at least

as likely to have been Mugil liza.

5 Ch.enom.ugil Gill.

(Gill, Proc. Ac. Nat. Sci., Phila., 1863, 169; type Mugil proboscideus Giinther.)

Cleft of mouth lateral; lower jaw narrow; dentiform cilia in very many series,

somewhat pavid ; upper lip very thick ; no adipose eyelid. Vertical fins scaly. One

species known. (Xavao, to gape ; Mugil.)

Chanomugil proboscideus Giinther = Mugil proboscideus Giinther, iii, 1861, 459. Ma-

zatlan to Panama,
6 Querimana Jordan & Gilbert.

(Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 588; type Myxus harengus Giiuther.

This genus differs from Mugil chiefly in the presence of but two spines in the anal

fin. The species are of small size, and some of them swim in schools at the surface.

Querimana harengus Giinther. Myxus harengus Giinther, iii, 467, 1861 = Querimana

harengus Jordan & Swain, Proc. U. S. Nat, Mus., 1882, 274. Mazatlan to Peru ; abun-

dant.

Querimana gyrans Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 26. Charleston to

Key West.
'Agonostomus Bennett.

(Cestrceus, Dajaus andKestis Cuv. & Val.).

(Bennett, Proc. Comm. Zool. Soc.j 1830, 166; type Agonostomus telfairi Bennett.)

Fresh water mullets with cleft of the mouth extending laterally about to front of

eye. Small teeth in one or both jaws and sometimes on the vomer. Edge of lower

lip rounded, not sharp. Stomach not gizzard like. Anal spines 3. Streams of mount-

ainous regions iu the tropics. (AycsvaH, not angulated ; droua, mouth.

)

Agonostoma nasulum Giinther, 111,463; Jordan & Gilbert, Proc. U. S. Mus., 379.

Streams of Lower California and Guatemala.
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Family LXXVL—ATHERLNID^E. (66)

217.—ATHERINA Linnaeus. (106)

723. Atherina eriarcha 1 Jordan & Gilbert. P.

724. Atherina Carolina Cuv. & Val. S. (636)

725. Atherina stipes 2 Miiller & Troschel. W. (6:57)

726. Atherina araea3 Jordan & Gilbert. W.

218.—LEURESTHES Jordan & Gilbert. (197)

727. Leuresthes tenuis Ayres. C. (638)

219—LABIDESTHES Cope. (198)

728. Labidesthes sicculus Cope. Vc. (639)

220.—MENIDIA Bonaparte. (199)

729. Menidia laciniata Swain. S. (640)

730. Menidia vagrans Goode & Bean. S. (641)

731. Menidia notata Mitchill. N. (642)

732. Menidia audens Hay. Vs. (6426)

733. Menidia beryllina Cope. Ve. (643)

734. Menidia menidia 4 Linnaeus. §. (644)

735. Menidia peninsulae Goode & Bean. S. (645)

221.—ATHERINOPSIS Girard. (200)

736. Atherinopsis californiensis Girard. C. (646)

222.—ATHERINOPS Steindachner. (201)

737. Atherinops affinis Ayres. C. (647)

Family LXXVII.—SPHYE^NIDiE. (67)

223.—SPHYRiENA Bloch. (202)

738. Sphyraena argentea Girard. C.P. (648)

739. Sphyraena borealis 6 De Kay. N. (649)

740. Sphyraena guaguanche Cuv. & Val. S. W. (650)

741. Sphyraena picuda Bloch <fe Schneider. S. W. (650 6.)

742. Sphyraena ensis Jordan & Gilbert. P.

lAtherinella eriarcha Jordan & Gilbert, Proc. U. S. Nat. Mns., 1S81, 346. Mazatlan
to Peru.

2Atherina stipes Miiller & Troschel = Atherina laticeps Poey = Atherina velieana

Goode & Bean. See Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 116.
3Aiherina arceu Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 27. Key West.
•Called Menidia bosci in the Synopsis, pp. 408, 909.
5 Called Sphyrana spet in the Synopsis, p. 411. Ours is, however, apparently distinct

from the latter species, which is European.
6 Sphyrcena ensis Jordan & Gilbert, Bull. U. S. Fish Comm., 1881, 106, based on

Sphyrama forsteri Steindachner, Ichth. Beitrage, VII, 4, 1878, not Sphyrana forsteri C.

& V.

Body moderately elongate ; eye 6 to 7 in head ; snout 2± ;
pectoral 2f. Pectoral

reaching about to front of first dorsal. Ventrals inserted before first dorsal. Canine
teeth of lower jaw, palatines, and inner row of premaxillary very large, much as in

S. picuda. Maxillary reaching about to front of dorsal. Silvery, darker above, with
traces of numerous vague darker cross-bars. Head 4 ; depth 8 or 9. D. V-l, 9; A. 11.

8. Lat. 1. 110. Gulf of California to Panama.
For a detailed account of our species of this genus, see Meek & Newland, Proc.

Ac. Nat, Sci. Phila., 1884.
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Family LXXVIIL—POLYNEMID^. (68)

224-POLYNEMUS LinnaBUB.

743. Polynemus virginicus 1 Linnaeus. W. (650c)

744. Polynemus approximans 2 Lay & Bennett. P.

745. Polynemus opercularis 3 Gill. P.

746. Polynemus octonemus 4 Girard. S.

Order Z.—PERCOMORPHI. 5

Family LXXIX.—AMMODYTID^E. (69)

225.-AMMODYTES Linnams. (204, 205)

747. Ammodytes americanus DeKay. N. (652,656)

747b Ammodytes americanus personatus Girard. A. C. (653)

748. Ammodytes alascanus Cope. A. (654)

749. Ammodytes dubius Reinhardt. B. (655)

Family LXXX.—EOHENEIDID^. (70)

226.—ECHENEIS. (206)

750. Echeneis naucrates Linmeus. N. S. O. W. P. C. (657)

227.—PHTHEIRXCHTHYS Gill. (2d V

751. Phtheirichthys lineatus Menzies. S. W. (65??).)

228.—REMORA Gill. (206c)

752. Remora remora Linnaeus. S. O. W. P. C. (658)

753. Remora brachyptera Lowe. W. O. (659)

754. Remora albescens" Temminck & Scblegel. P. S.

229.—RHOMBOCHIRUS Gill. (207)

755. Rhombochirus osteochir Cuvier. O. W. (660)

1 Polynemus virginicus L. Syst. ~N&t.=Polyclaety1us plumieri Lacepede. See Jordan,

Proc. U. S. Nat, Mus., 1884, 118.

^Polynemus approximans Lay & Bennett, Beechey's Voyage, Zool. Fish, 57; Gunther,

Fish. Centr. Araer., 1869, 423. Gulf of California to Panama.
3 Trichidion opercularis Gill, Proc. Ac Nat. Sci. Phila., 1863, 169= Polynemus meJan-

opoma Gunther, Fish. Centr. Amer. 1869, 421. Gulf of California to Panama.
4 Polynemus octofilis Gill is without much doubt the adult form of P. octonemus. See

Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 590. The pectoral fin grows darker in

color and the pectoral filaments shorter with age in other species of Polynemus and

probably in this one also.

*• Percomorph'i and PharyngognatM Cope, Trans. Am. Philos. Soc. Phila., 1871, l

-

(exclusive of the Bhegnop1eri=Polynemidce, which have the veutral fins truly abdominal

and may be placed in the Percesoces.)

|J Echeneis albescens Temminck & Scblegel, Fauna Japoniea, Poiss., 272; Gunther II,

377; Streets, Bull. U. S. Nat. Mus., 1877, VII, 54. Coasts of Eastern Asia, a specimen

taken at La Paz, Gulf of California (Streets) and in the Gulf of Mexico (Bean). D.

XIII-22 ; A. 22.

The Echeneididce are regarded by Dr. Gill as constituting a distinct suborder,

Discocephali, defined by him Proc. U. S. Nat. Mus., 1882, 563.
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Family LXXXL—ELAOATID^. (71)

230.—ELACATE Cuvier. (208)

756. Elacate Canada Linnaeus. S. W. O. (061)

Family LXXXIL—XIPHIID^E. (72)

231.—XIPHIAS Linnaeus. (209)

757. Xiphias gladius Linnseus. O. N. S. W. C. (662)

232.—TETRAPTURUS Rafinesque. (210)

758. Tetrapturus albidus Poey. W. S. (663)

233.—ISTIOPHORUS Lacepede. (211)

759. Iatiophorus americanus 1 Cuv. &. Val. (665)

Family LXXXIIL—TRICHIUBLTL3E. (73)

234.—TRICHIURTJS Linnaeus. (212)

760. Trichiurua lepturus Linnseus. O. S W. P. (666)

235.—BENTHODESMUS Goode & Bean. (212 6.)

761. Beiithodesrnus elongattis Clarke. B. (6666.)

236.—LEPIDOPUS Gouan.

762. Lepidopus caudatus Euphrasen. O. P.

1 The genuine Tstiophorus gladius is an East Indian species, not known from our

«oasts. The American species is

:

IsHophorus americanus C iiv. & Val. Sail-fish ; Spike-fish. Bluish-biack, paler below
;

dorsal dusky-bluish ; its membranes with many nearly round black spots, from £to J
diameter of orbit. Snout, from eye, 2+ times length of rest of head. Lower jaw 2-J-

in head. Front of eye nearly midway between tip of lower jaw and edge of opercle.

Interorbital space broad, flattish, If in postorbital part of head. Maxillary reaching

to slightly beyond eye, which is 3£ in postorbital part of head and 10 in suout.

Sword narrow, regularly tapering, depressed, its upper and lower surfaces both
rounded, its edges blunt aud rougher than its upper side. For its eutire length it is

nearly twice as broad as deep. Breadth of snout at the middle point betweeu its

tip and the eye contained 25 times in its length from the eye. Longest dorsal spine

§ total length of head. Ventrals lf;
in head. Pectorals 3f. Caudal lobes 1$. D.

XLI-7; A. 9-7. Head 2f (3£ in length with caudal) ; depth about 6. Length of speci-

men described (Key West) 6 feet.

West Indies and warmer parts of the Atlantic, north to Cape Cod and France. Dif-

fering from the East Indian i". gladius in the longer aud slenderer sword and in the

shorter dorsal fin.

(? Mdkaira nigricans Lacepede, Hist. Nat. Poiss. IV, 668, 1803. Mistiophorus americanus

Cuv. & Val., VIII, 303, 1831 ; ? Hisiiophorus gracilirostris C. & V., VIII, 308 ; 1 Histi-

4>phorm ancipitirostris Cuv. & Val., VIII, 309. I here restore the original orthography
of the name Istiophoms.)

2 Lepidopus Gouan.

(Gouan, Hist. Poiss. 1770, 185 ; type Lepidopus gouani Bl. & Schu. = Trichiurus cau-

datus Euphrasen.)

This genus differs from Trichiurus chiefly in the less elongate form of the tail, which
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Family LXXXIV.—SCOMBRID^. (74)

237.—SCOMBER Linnaeus. (213)

§ Pneumatophorua Jordan & Gilbert.

763. Scomber colias 1 Gmelin. Eu. N. S. P. C. (667, 6676.)

§ Scomber.

764. Scomber scombrns Linnaeus. N. S. 0. En. (068)

238.—AUXIS Cuvier. (214)

765. Auxis thazard Lac6pede. W. N. (Ace.) 0. (669)

239.—SCOMBEROMORUS Lacepede. (215)

766. Scomberomorus concolor Lockingtou. C. (670)

767. Scomberomorus maculatus Mitchill. N. S. P. (671)

768. Scomberomorus regalis Bloch. W. (672)

769. Scomberomorus cavalla 2 Cuvier. W. S. (673)

240.—ACANTHOCYBIUM 3 Gill.

770. Acanthocybium solandri Cut. & Val. W. O.

is provided with a small, deeply forked caudal fin. The ventral fins are represented

by a pair of scale-like appendages. A single species
;
pelagic. (AeTtiS, scale; 7Tot>?,

foot.)

Lepidopus caudatus. Scabbard-fish. For description, see Gunther II, 344. Pelagic;

a specimen taken by John Xantus at Cape St. Lucas.
1 It is probable that Scomber pneumatophorua is identical with Scomber colias.

*This species was first indicated as Cybium cavalla Cuvier, Re"gne Animal, 1829. It

is the king-fish of the Florida Keys, a food fish of the bighest importance. For a de-

tailed account of the species of Scomberomorus see Meek and Newland, Proc. Ac. Nat.

Sci. Phiia., 1884.
3 Acanthocybium Gill.

(Gill, Proc. Ac. Nat. Sci. Phila., 1862; type Cybium sara Bennett.)

This genus is allied to Scomberomorus, but shows several of the peculiarities of the

sword-fishes, indicating a transition toward the XiphiidCB. The bead is very long,

slender, and pointed, the mandible being longer than the upper jaw, the jaws forming

a sort of beak ; cleft of the mouth extending to below the eye ;
the posterior part of

the maxillary covered by the preorbital; both jaws armed with a close series of

trencbanfc teeth, ovate or truncate ; their edges finely serrate ; villiform teeth on vomer

and palatines
;
gills formed as in Xiphias, their lamina? forming a net-work ; scales

small, scarcely forming a corselet ; those along the base of dorsal enlarged and

lanceolate; keel strong; caudal spinous dorsal very long, its spines about 25 in

number.

Very large mackerels, pelagic
;
probably a single species widely distributed ; most

abundant about the Florida Straits. (AnavQa, spine ; Cybium.)

Acanthocybium solandri. Peto ; Wdhoo; Barracotta.

Iron gray, dark above; paler below; no distinct markings; fins colored like the

body^ eye 5 in snout
;
gape more than half length of head

;
premaxillaries in front

prolonged in a sort of beak which is nearly half length of snout ; teeth somewhat

irregular, the posterior much largest. Dorsal spine mostly subequal, the highest,

behind the middle of the fin, 5f in head ; dorsal and anal lobes low. Caudal lobes short,

very abruptly spreading, their length about £ head. Pectoral not quite half head.

D.XXIV-1,12-IX; A. 1, 12-IX. Length 4 to 8 feet. Tropical seas ; not rare about

Cuba, where it spawns; north to Key West.

(Cybium solandri Cuv. & Val., VIII, 1831, 192; Cybium sara Bennett, Beechey's

Voyage, Zoology, 1849, 63 ; Cybhtm sara Gunther, II, 373 ; Cybium pctus Poey, Memorias

Cuba, II, 234, 1860; Acanthocybium petus Poey, Enum. Pise. Cubens., 1875, 73. Liitken,

Spolia Atlantica, 1880,481-597; Cybium veranyi Doderlein, Giorn. Sci. Natur. Econ.

Palermo, 1872.
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241.-SARDA Cuvier. (216)

771. Sarda sarda Bloch. Eu. N. (674)

772. Sarda chilensis Cuv. & Val. C. P. (675)

242.—ORCYNUS Cuvier. (217)

773. Orcynua alalonga Gruelin. Eu. S. C. O. (676)

774. Orcynus thynnus Linnseus. Eu. S. N. O. (677)

243.—EUTHYNNUS Lutken. (218)

775. Euthynnus alliteratus Rafinesque. S. W. Eu. (678)

776. Euthynnus pelamys Linnaeus. Eu. S. O. (679)

Family LXXXV.—CARANGID^. 1 (75)

244.—DECAPTERUS Bleeker. (220)

777. Decapterus punctatus Agassiz. S. W. (682)

1 The following analysis of genera of Carangidce may be substituted for that given
in the synopsis

:

a. Premaxillaries protractile.

b. Pectoral fins long, falcate ; anal similar to soft dorsal, its base longer than ab-

domen ; maxillary with a supplemental bone. {Carangince.)

c. Dorsal outline more strongly curved than ventral outline.

d. Dorsal and anal each with a single detached finlet ; body slender . Decapterus.
dd. Dorsal and anal without unlets.

e. Lateral line with well-developed scutes for its entire length ; body elon-

gate Trachurus.
ee. Lateral line with scutes on its straight posterior portion only (these some-

times very few and small, especially in those species with
the body much compressed).

/. Shoulder girdle with a deep cross-furrow at its junction with the

isthmus, above which is a fleshy projection; body elon-

gate Trachurops.

ff. Shoulder girdle normal ; its surface even ; body deeper.

g. Body oblong or more or less elevated, not as below Caranx.
gg. Body broad-ovate, very strongly compressed, its outlines everywhere

trenchant, the anterior profile nearly vertical ; scutes al-

most obsolete Vomer.
eee. Lateral line without any scutes ; body short and elevated, strongly com-

pressed Selene.

cc. Dorsal outline less strongly curved than ventral; body much compressed, its

outlines everywhere trenchant ; armature of lateral line obsolete or nearly so.

Cbloroscombrus.
bb. Pectoral fin short, not falcate.

h. Maxillary without supplemental bone ; anal fin similar to soft dorsal,

its base much longer than abdomen; tail unarmed.

(Traehynotince.)

d. Forehead convex ; teeth small or deciduous Trachynotus.
hh. Maxillary with a distinct supplemental bone ; anal fin shorter than

soft dorsal, its base not longer than abdomen. (Seriolince.)

i. Dorsal spines low and weak
;
pectoral fins short.

j. Dorsal and anal fins without finlets.

I: Membrane of dorsal spines disappearing with age . Naucrates.
kk. Membrane of dorsal spines persistent Seriola.

jj. Dorsal and anal fins each with a detached two-rayed finlet.

Elagatis.
ii. Dorsal spines strong, ending in very long filaments

;
pectoral fins

elongate Nematistius.
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778. Decapterus macarellus Cnv. & Val. W. S. (633)

778 b. Deeapterus maearellus hypodus 1 Gill. P.

245.—TRACHURUS Rafinesque. ('219)

779. Trachurus picturatus Bowdich. C. En. P. (080)

780. Trachurus trachums Linnaeus. W. P. (681)

246. TRACHUROPS Gill.

781. Trachurops crumenophthalmus Bloch. W. P. (634)

247.—CARANX Lacepede.

§ Bemicaranx Blceker.

782. Caranx amblyrhynchus Cuv. & Val. S. W. (639)

§ Uraspis Bleeker.

783. Caraux vinctus 2 Jordan & Gilbert P.

784. Caranx bartholomaei 3 Cuv. & Val. W. (687,688)

§ Caranx.

785. Caraux chrysus Mitchill. N. S. W. (685)

785 b. Caranx chrysus caballus Giinther. P. W. (686)

786. Caranx iatus 4 Agassiz. S. W. P. (690)

787. Caranx hippos Linnams. N. S. W. P. (691)

§ Gnalhanodon Bleeker.

788. Caranx speciosus B Forskal. P.

9 Citula Cuvier.

789. Caranx dorsalis 6 Gill. P.

§ Blepharls Cuvier.

790. Caranx crinitus Mitchill. N. S. W. P. (692)

aa. Premaxillaries not protractile (except in the very young)
;

pectoral fins short

rounded ; soft dorsal similar to anal, both much longer

than abdomen; lateral line unarmed. (Scombroidince.)

1. Maxillary without supplemental bone ; no pterygoid teeth

;

scales linear, imbedded Oligoplites.

A detailed account of the American species of Carangino? is given by Jordan & Gil-

bert, Proc. U. S. Nat. Mus., 1883, 18S.

1 Decapterus hypodus Gill, Proc. Ac. Nat. Sci., Phila., 1862, 261; Jordan & Gilbert,

Proc. U. S. Nat. Mus., 1882, 358; 1883, 190. Cape San Lucas.
2 Caranx vinctus Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 349. Mazatlau.
3 Caraux bartholomai Cuv. & Val., IX, 1833, 100= Caranx cibi Poey, Memorias Cuba,

II, 224, 1860= Caranx beam Jordan, Proc. U. S. Nat. Mus., 1880, 486. See Jordan &
Gilbert, Proc. U. S. Nat. Mus., 1884, 32.

4 Caranx latus Agassiz ; Caranxfallax Cuv. & Val. See Jordan & Gilbeit, Proc.U. S.

Nat. Mus., 1883,200.
5 Scomber speciosus Forskal, Descr. Anim., 1775, &4=Caranx panamensis Gill, Proc. Ac.

Nat. Sci. Phila., 1863, 166. See Jordan & Gilbert, Proc. U. S. Nat. Mus., 1883, 201.

Mazatlau to Panama and west to the Red Sea.
6 Carangoides dorsalis Gill, Proc. U. S. Nat. Mus., 1863, 166=Carawx otrynter Jordan &

Gilbert. Proc. U. S. Nat. Mus., 1883, 202. Mazatlau to Panama.
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248.—VOMER Cuvier.

791. Vomer setipinnis Mitcbill. N.S.W.P. (694)

249.—SELENE Lacepede. (223)

792. Selene oerstedi 1 Liitken. P.

793. Selene vomer Linnaeus. N. S. W. P. (693)

250.—CHLOROSCOMBRUS Girard. (224)

794. Chloroscombrus chrysurus Linna?us. S. W. (695)

795. Chloroscombrus orqueta - Jordan & Gilbert. P.

251—TRACHYNOTUS Lacepede.

796. Trachynotus caroliuus Linnaeus. N. S*W. P. ? (696)

797. Trachynotus argenteus 3 Cuv. & Val. N.

798. Trachynotus rhodopus 4 Gill. W. P. (698)

799. Trachynotus kennedyi 5 Steindacbner. P.

800. Trachynotus rhomboides Blocb. S. W. (697)

801. Trachynotus glaucus Blocb. S. W. (699)

802. Trachynotus fasciatus 6 Gill. P.

252.—NAUCRATES Ralinesque. (226)

803. Naucrates ductor Liunseus. 0. (700.)

253.—SERIOLA Cuvier. (227)

804. Seriola zonata Mitchill. N. (704)

804 b. Seriola sonata carolinensis Holbrook. S. (703)

805. Seriola dumerili 7 Risso. S. W. Eu.

805b. Seriola dumerili lalandi. S. W. (7016.)

1 Selene oerstedi Liitken, Spolia Atlantica, 1880, 144 ; Jordan & Gilbert, 1. c. 205.

Mazatlan to Panama.
2 Chloroscombrus orqueta Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 646. Magda-

lena Bay to Panama.
3 Trachynotus argenteus Cuv. & Val., VIII, 413. According to Dr. Bean, this is prob-

ably a valid species, allied to T. caroliuus, but with the body deeper, the depth being

half the length without caudal. New York.

A review of the American species of Trachynotus is given by Meek and Goss in the

Proc. Ac. Nat. Sci. Pbila., 1884.

4 The species called in the synopsis " Trachynotus goreensis" should stand as Trachy-

notus rhodopus Gill. Permit. Palomcta. West Indies, north to Florida and Lower

California. Instead ofthe synonymy in the synopsis read : Trachynotusrhodopus (young)

and T. nasutus (veryyoung) Gill, Proc. Ac. Nat. Sci. Pbila, 1863, 85 ; Trachynotus goreen-

sis Giintber, II, 483, in part, not of Cu v. & Val. ; Trachynotus goreensis of recent Ameri-

can writers : Trachynotus caroliuus Poey, Enum. Pise. Cubens., 86.

This species reaches a larger size than the others in our waters. It has fewer fin

rays than T. caroliuus, and young and old are much more elongate than in T. rhom-

boides or than in the African T. goreensis.

5 Trachynotus kennedyi Steindacbner, Icbtb. Beitr., VI, 47. Mazatlan to Panama.
6 Trachynotus fasciatus Gill, Proc. Ac. Nat. Sci. Pbila. 1863, 86. Mazatlan to Panama.
7 Seriola dumerili Risso. Amber Jack.

Grayish ; silvery below ; a gilt band through eye to base of caudal ; another through

temporal region to front of soft dorsal ; no dark cross-bands ; fins plain. Very close

to S. lalandi, but reaching a smaller size, and with the body deeper and little com-
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806. Seriola mazatlana1 Steindachner. P.

807. Seriola dorsalis Gill. C.P. (701)

808. Seriola fasciata Bloch. S. (705)

809. Seriola rivoliana Cuv. & Val. S. W. Eu. (702, 702 6.)

254.—ELAGATIS Bennett. (228)

810. Elagatis pinnulatus Poey. W. (706)

255—NEMATISTIUS 2 Gill.

811. Nematistius pectoralis Gill. P.

256.—OLIGOPLITES Gill. (229)

812. Oligoplites altus3 Gunther. P.

813. Oligoplites saurus Bloch & Schneider. S. W. P. (707)

Family LXXXVL—POMATOMID^. (76)

257.—POMATOMUS Lac6pede. (230)

814. Pomatomus saltatrix Linnaeus. N. S. W. Eu.O. (708)

Family LXXXVIL—NOMEIDiE. (766.)

258.—NOMEUS Cuvier. (231)

815. Nomeus gronovii Gmelin. W. 0. (709)

Family LXXXVIIL—STROMATEID^J. (77)

259.—STROMATEUS Linnajus. (232)

5 Rhombus Lace"pede.

816. Stromateus paru Linnaeus. S. W. (710)

pressed ; mouth larger than in S. dorsalis, about as in S. lalandi, the maxillary reaching

middle of pupil, 2-
J

J
ij
in head. Lobes of dorsal and anal low, not quite half length of

head. Nape scarcely carinated. Head 3£ff ; depth 3. D. VH-I, 32; A. 11-1,21; L.

24 inches. Mediterranean to West Indies, north to Key West and Pensacola.

(Trachurus aliciolus Rahnesque Caratteri, etc., 1810, 42 ; Trachurus fasciatus Rafi-

nesque, Indice d'lttiologia Sicil., 1810, 21 ; Caranx dumerili Risso, Ichthyologie Nice,

1810, 175; Seriola dumerili Cuv. & Val., IX, 201, 1833; Gunther, II, 462; T Seriola sem-

icoronata Poey, Memorias Cuba, II, 1860, 232.)

An analysis of the characters of the species of Seriola is given by me in Proc. U. S.

Nat. Mus., 1884, 123. A more recent (unpublished) study of these fishes by Mr. Rnfus

L. Green indicates the probable identity of S. lalandi with S. aliciola (dume'rili), S.

falcata with S. rivoliana, and (probably) .S'. mazatlana with S. dorsalis.

1 Seriola mazatlana Steindachner, Ichth. Beitrage, V. 8, 1876. Mazatlan.

2 Nematistius Gill.

(Gill, Proc. Ac. Nat. Sci. Phila., 1862, 258; type, Nematistius pectoralis Gill).

This genus differs from Seriola chiefly in the development of the spinous dorsal and

pectoral fins, the former being composed of eight very long filamentous spines, the

latter being acuminate and nearly twice as long as the ventrals. The lateral line is

nearly straight and is not keeled on the caudal peduncle. Ventral rays, I, 5, the

inner ray much branched to the base. One species known. Large fishes of an im-

posing appearance.

Nematistius pectoralis Gill, 1. c. Gulf of California to Panama ; not rare.

3 Chorinemus altus Gunther, Fishes Centr. Amer., 1869, 433. Mazatlan to Panama.
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§ Stromateus.

817. Stromateus medius 1 Peters. P.

818. Stromateus simillimus Ayres. C. (711)

§ Poronotus.

819. Stromateus triacanthus Peck. N. (712)

260—LEIRTJS Lowe. (233)

820. Leirus perciformis Mitchill. N. (713)

Family LXXXIX.—LAMPEIDID^. (78)

261 —LAMPRIS Retzius. (234)

821. Lampris guttatus Briinnich. 0. (714)

Family XC—COEYPH^NID^E. (79)

262.—CORYPH-S3NA Limueus. (235.)

822. Coryphaena hippurus2 Linnasus. 0. S. W. (715, 716)

Family XCL—BRAMID^. (80)

263—PTERACLIS Gronow. (236)

823. Pteraclis carolinus Cuv. & Val. O. (717)

264.—BRAMA Bloch & Schneider. (236 b.)

824. Brama raji Bloch. C. N. Eu. O. (717 ft.)

Family XCII.—ICOSTEID^.3 (101)

265.—ICOSTEUS Lockington. (332)

825. Icosteus aenigmaticus Lockington. B. C. (969)

266—ICICHTHYS Jordan & Gilbert. (333)

826. Icichthys lockingtoni Jordan & Gilbert. B. C. (970)

1 Stromateus medius Peters, Berliner Monatsberichte, 1869, 707; Jordan, Proc. Ac.

Nat. Sci. Phi la., 1883, 284.

2 Coryphama equisetis has not. been authentically recorded from our coasts. It may,

therefore, be omitted. The common Dolphin or Dorado of our South Atlantic and

Gulf coasts is Coryphana hippurus L.

This species is iu life of a very bright greenish olive, with small round blue spots.

The top of the head in the males is much elevated, forming a high sharp crest. Head

4§; depth 5: ventral inserted slightly behind upper ray of pectoral, its length 1J in

in head; pectoral 1|. D. 59 to 63; A. 29. Pelagic, north on our coast to Cape Cod;

very abundant from South Carolina to Texas. L 3 to 5 feet. The specific names

punctulata, glooiceps, sueuri, dorado, guttata, and punctata all belong to this species.

3 The position of our family Icosteid^e is near or under the family Bramid^:, as

has been shown by Dr. Steindachner, Ichth. Beitr. XII, 22. The genus Bathymaster

is apparently not a natural ally of Icosteus.
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Family XCIIL—ZENID^. (81)

267.—ZENOPSIS Gill. (237)

827. Zenopsis ocellatus Storer. B. (718)

Family XCIV.—BERYCIDJE. (82)

268.-STEPHANOBERYX 1 Gill.

828. Stephanoberyx rnonae Gill. B.

269.—CAULOLEPIS 2 Gill.

829. Caulolepis longidens Gill. B.

270.—PLECTROMUS 3 Gill.

830. Plectromus suborbitalis Gill. B.

831. Plectromus crassiceps Bean. B.

1 Stephaxobekyx Gill.

(Gill, Proc. U. S. Nat. Mus., 1883, 258; type Steplianoberyx mono?. Gill.

"Berycids with an elongated claviform contour, body covered with cycloid scales;

scarcely imbricated, and armed about the center with one or two erect spines ; an oblong

head, with a moderate convex snout and with thin osseous ridges, especially an inner

V-shaped one on the crown, whose limbs diverge on each side of nape, and an outer

sigmoid, one on each side, above the eyes, and continuous with one projecting from the

nasal ; the inner and outer ridges connected by a cross-bar on a line with the anterior

margin of the orbit ; rather small eyes, in the anterior half of the head, and the teeth

small, acute, and in a band on tbe premaxillaries and dentaries (palate toothless),

and with ventrals having one spine and five rays. Closely allied to Mclamphaes."

Deep sea. (^T£q>avo6, crown
;
{Hjpv£,, beryx.)

Stephanoberyx monce Gill. Gulf stream, latitude 41°. (Gill. 1. c. 258.)

2 Caulolepis Gill.

(Gill, Proc. U. S. Nat. Mus., 1883, 258 ; type Caulolepis longidens Gill.

)

" Berycids with a laterally oval or broad pyriform contour; a compressed body, cov-

ered with small, pedunculated, leaf-like scales ; an abruptly declivous forehead ; small

eyes ; a pair of very long pointed teeth in front of upper jaw, closing in front of lower;

a similar pair of still longer teeth in the lower, received in fovese of the palate ; on

the sides of each jaw two long teeth, terminating in bulbous tips ; a row of minute

teeth on the posterior half of the maxillaries. Closely allied to Anoplogaster." Deep

sea. {KavXoi, stem; A«jrzS, scale.)

Caulolepis longidens Gill. Deep sea; latitude 39°. (Gill, 1. c. 258.)

3 Plectromus Gill.

(Gill, Proc. U.S.Nat. Mus., 1883, 257; type Plectromus suborbitalis Gill.)

" Berycids with an elongated form ; moderate cycloid scales ; an oblong head with a

much decurved or truncate snout; rather small eyes, and teeth small, acute and in

two rows in each jaw, of which those of the minor row. at least in the lower jaw, are

largest, and palate toothless." Deep sea. {IIXfjKTpoov , spur ; oo/zo?, shoulder) ; "two

spines, one on each side of the nape, springing forward from the shoulder bones, give

a strange appearance to the fish.")

Plectromus suborbitalis Gill. Gulf Stream, latitude 39°. (Gill, 1. c, 257.)

Plectromus crassiceps Bean. Proc. U. S. Nat. Mus., 1885, 73. Gulf Stream.



[75] CATALOGUE OF THE FISHES OF NORTH AMERICA. 863

271—POROMITRA 1 Goode & Bean.

832. Poromitra capito Goode & Bean. B.

272.—HOPLOSTETHUS Cnv. & Val. (238)

833. Hoplostethus mediterraneus Cuv. &, Val. B. En. (719)

Family XCV.—HOLOOENTEID^.2

273—HOLOCENTRUM Bloch. (239)

834. Holocentrum ascensione 3 Osbeck. W. (720)

835. Holocentrum suborbitale 4 Gill. P.

274.—MYRIPRISTIS 5 Cuv.

836. Myripristis occidentalis Gill. P.

837. Myripristis pcecilopus Gill. P.

1 Poromitka Goode & Bean.

(Goode &. Bean, Bull. Mus. Comp. Zool, 1882, 215; type, Poromitra capito G. & B.).

Body short, compressed, scopeliforin, covered with thin cycloid scales. Head very

large (in young specimens nearly as long as trunk), its sides scaly. No barbel.

Mouth very large, the lower jaw projecting. Margin of upper jaw composed of a

long maxillary and a short premaxillary. Teeth very small, cardiform, on premax-
illaries and lower jaw only. Opercula complete. Dorsal fin in middle of body, its

origin not far behind ventrals, its spinous and soft portions about equal in length;

anal much shorter than dorsal ; the last rays of dorsal nearly above its middle.

Pseudohranchite present. Gill openings very wide. Deep seas. {IIopoc, pore; furpa,

stomacher.)

Poromitra capito Goode & Bean.

Eye large, as long as snout ; maxillary 3-J in head. Scales as large as pupil, with

concentric stria?. Insertion of dorsal midway between tip of snout and base of caudal

;

base of anal half that of dorsal
;
pectoral inserted low, its length twice its disrance

from the snout; ventrals minute, in advance of pectorals. Caudal (mutilated in the

known specimens). Head 2£ (in young). D. VII or VIII, 9; A. 9; V. 7 or 8; P. 12.

Gulf Stream in lat. 34°. ( Goode <$• Bean.)

(Goode & Bean, 1. c, 214, 1882).

2 The genera Holocentrum and Myripristis, shore fishes with long spinous dorsal,

should probably be regarded as forming a family distinct from the Berycidw, which
are deep-sea fishes w^th a single dorsal, provided with but few spines, or even with

none.
3 This species, called in the text Holocentrum pentacanthum, should apparently

stand as Holocentrum ascensione (Osbeck). In life, an oblique white bar descends back-

ward from the eye ; this disappears entirely in spirits. To the synonymy, add : {Perca

ascensionis Osbeck, Iter Chin., 1771, 388; Perca ascensionis Gmelin, Syst. Nat., 1788,

1318 ; Amphiprion matejuelo Bloch & Schneider, Ichthyol., 1801, 206 ; Holocentrum ma-
tejuelo Poey, Memorias Cuba, II, 155, 1860.)

4 Holocentrum suborbitale Gill, Proc. Ac. Nat. Sci. Phila., 1863, 86. Mazatlan to

Panama. Abundant in rock-pools.

5 Myripristis Cuv.

(Cuvier, Regne Animal; type Myripristis jacobus Cuv. & Val.)

This genus is very closely related to Holocentrum, differing externally, chiefly in

the absence of the large spine at the angle of the preopercle. The air-bladder is

divided into two parts by a transverse constriction, and the pyloric cceca are rather
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Family XCYL—APHREDODERID.E. (83)

275.—APHREDODERUS Le Sueur. (240)

838. Aphredoderus sayanus Gilliams. (721)

Family XCVIL—ELASSOMID^. (836)

276.- ELASSOMA Jordan (722)

839. Elassoma zonatum Jordan. Vs. (722)

840. Elassoma evergladei 1 Jordan. Vse.

Family XCVIIL—CENTRARCHID.E. (84)

277.—CENTRARCHUS Cuv. & Val. (242)

841. Centrarchus macropterus Lacepede. Vs. (723)

278.—POMOXYS Rafinesque. (243)

842. Pomozys annularis Rafinesque. V. (724)

843. Pomoxys sparoides Lacepede. V. (725)

279.—ARCHOPLITES Gill. (244)

844. Archoplites interruptus Girard. T. (726)

280.—AMBLOPLITES Rafinesque. (245)

845. Ambloplites rupestris Rafinesque. V. (727)

281—CHiENOBRYTTUS Gill. (246)

846. Chaenobryttus gulosus Cuv. & Val. V. (729)

846b. Cltwnobryttus galosus antisiius McKay. Vn. (728)

282.—ACANTHARCHTJS Gill. (247)

847. Acantharchus pomotis Baird. Ve. (736)

283.—ENNEACANTHUS Gill.

848. Enneacanthus eriarchus Jordan. Vn. (731)

849. Enneacanthus obesus Baird. Ve. (732)

850. Enneacanthus gloriosus Holbrook. Vse. (733)

851. Enneacanthus simulans Cope. Ve. (734,

851b. Enneacanthus simulans pinniger Gill & Jordan. Vse.

284.—MESOGONISTIUS Gill.

852. Mesogonistius chastodon Baird. Ve. (735)

few (9). Species numerous in the tropical seas
;
gay-colored inhabitants of reefs and

rock-pools.

Myriopristis occidentalis Gill, Proc. Ac. Nat. Sci. Phila., 1863, 87 = Rhamplwberyx
leucopus Gill, 1. c.,83. Gulf of California to Panama.

Myriopristis pcecilopus Gill. Rhamphobery'x pacllopus Gill, I.e., 87; see Jordan &
Gilbert, Proc. U. S. Nat. Mus., 1882, 364. Cape San Lucas; perhaps identical with
the preceding.

1 Elassoma evergladei Jordan, Proc. U. S. Nat. Mus., 1884, 323. Indian, Saint John's
and Suwannee Rivers, Florida.
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285.—LEPOMIS Rafinesque. (250)

$ Apomolis Rafinesque.

853. Lepomis cyaneilus Rafiiiesque. V. (736)

854. Lepomis symmetricus Forbes. Vs. (737)

855. Lepomis phenax Cope & Jordan. Ve. (738)

§ Lepomis.

856. Lepomis ischyrus Jordan & Nelson. Vnw. (739)

857. Lepomis macrochirus Rafinesque. Vw. (740)

858. Lepomis mystacalis Cope. Vse. (741)

859. Lepomis elongatus Holbrook. Vse. (742)

860. Lepomis murinus Girard. Vsw. (743)

861. Lepomis punctatus Cuv. & Val. Vse. (744)

862. Lepomis miniatus Jordan. Vs. (745)

863. Lepomis auritus Linnaeus. Ve. (746)

864. Lepomis megalotis 1 Rafinesque. Vw. (747,749)

865. Lepomis garmani Forbes. Vw.
866. Lepomis marginatus Holbrook. Vse. (748)

867. Lepomis aquilensis- Baird & Girard. Vsw.

868. Lepomis humilis Girard. Vsw. (750)

869. Lepomis pallidus Mitcbill. V. (751)

^Xysiroplites Jordan.

870. Lepomis heros Baird & Girard. Vsw. (752)

871. Lepomis euryorus McKay. Vn. (753)

872. Lepomis albulus Girard. Vsw. (754)

§ Enpomotis Gill & Jordan.

873. Lepomis holbrooki Cuv. &, Val. Vse. (755)

674. Lepomis notatus Agassiz. Vs. (756)

875. Lepomis gibbosus Linnaeus. 3 Vne. (757)

286.—MICROPTERUS Lacepede. (251)

876. Micropterus salmoides Lacepede. V. (759)

877. Micropterus dolomiei Lacepede. V. (760.)

Family XOIX.—PERCIM3. (85)

287.—AMMOCRYPTA Jordan. (252)

878. Ammocrypta beani Jordan. Vs. (761)

879. Ammocrypta clara 4 Jordan & Meek. Vw.

880. Ammocrypta pellucida Baird. Vw. (762)

881. Ammocrypta vivax Hay. Vsw. (762 b.)

1 Lepomis bombifrons is omitted, as being probably based on a form of L. megalotis.

- Lepomis aquilensis (Pomotis aquilensis Baird & Girard, Proc. Ac. Nat. Sci. Phila. 1854,

24), placed in the Synopsis as a synonym of L. pallidus, is a valid species. It is closely

related to L. megalotis, but has much higher spines, and a long and very narrow oper-

cular fiap ; a dusky patch on base of last rays of dorsal.

:i Lepomis lirus McKay— Pomotis pallidus Agassiz is here omitted. Agassiz's very poor

description applies well enough to Chwnobryttus gulosus.

*Ammocrypta clara Jordan & Meek, Proc. U. S. Nat. Mus., 1884. Des Moiues R., Iowa,

and Red R., Arkansas.

S. Mis. 70 55
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288.—CRYSTALLARIA l Jordan & Gilbert.

882. Crystallaria asprella Jordan. Vs. (763)

289—IOA Jordan & Brayton. (253)

883. Ioa vitrea Cope. Vse. (764)

884. Ioa vigilis Hay. Vs. (7646.)

290.—BOLEOSOMA De Kay. (254, 255)

885. Eoleosoma olmstedi Storer. Vne. (765)

885 b. Boleosoma olmstedi atromaculatum Girard. (Ve.

)

885 c. Boleosoma olmstedi effulgens Girard. (Vse.) (767)

885 d. Boleosoma olmstedi maculatum 3 Agassiz. Vw. (766)

885 e. Boleosoma olmstedi ozarcanum 3 Jordan & Gilbert. Vsw.

885 f. Boleosoma olmstedi mesccum Cope. Vw.
885 g. Boleosoma olmstedi tesopus Cope. Ve. (760)

886. Boleosoma vexillare .Jordan. Ve. (768)

887. Boleosoma susanee 4 Jordan & Swain. Vs.

888. Boleosoma camurum Forbes. Vw. (770, 771)

291.—ULOCENTRA 5 Jordan. (256)

889. Ulocentra phlox Cope. Vsav. (772)

890. Ulocentra stigmasa Jordan. Vs. (778)

891. Ulocentra simotera Cope. Vs. (774, 775)

892. Ulocentra histrio Jordan & Gilbert. Vsw.

893. Ulocentra blennius 7 Gilbert & Swain. Vs.

292.—DIPLESION Ratinesque. (257)

894. Diplesion blennioides Rafinesque. Vw. (776)

293.—COTTOGASTER Putnam. (258)

895. Cottogaster copelandi Jordan Vw. (777)

896. Cottogaster putnami Jordan& Gilbert. Vw. (778)

1 Crystallaria Jordan & Gilbert.

(Genus nova; type Pleurolepis asprellus Jordan.)

This genus differs from Ammoorypta chiefly in having the premaxillaries non-protract-

ile. The vertical lins are much more developed than in the latter genus, there being

14 dorsal spines, and 12 soft rays in the anal fin. The sqiiamation is much more com-

plete than in Ammoorypta, but the body is similarly hyaline. (KpvtiraWoS, crystal.)

2 1 adopt the name maculatum for this species or subspecies, the identification of

Rafinesque's Efheostoma nigra with it being very doubtful. Peecilichthys beani Jordan,

Proc. II. S. Nat. Mus., 1884, is identical with 11. maculatum.

'Boleosoma olmstedi ozarcanum Jordan & Gilbert, Proc. U. S. Nat. Mus., 1885.

Ozark region.
1 Boleosoma susancc Jordan & Swain, Proc. U. S. Nat. Mns., 1883, 248. Cumberland

R., Kentucky.

^Ulocentra atripinnia Jordan is i\\e- adult of Diplesion aimoterum,

sEtheoatoma Mstrio .Ionian & Gilbert, Proc. U. S. Nat. Mus., 1885. Streams of Arkan-

sas.

7 Etheosloma blennius Gilbert & Swain, Proc. U. S. Nat. Mus., 1884. Streams of

Northern Alabama.
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897. Cottogaster uranidea ' Jordan & Gilbert. Vvr.

898. Cottogaster shumardi Girard. Vsw. (770)

294.—PERCINA Haldemau. (260)

899. Percina caprodes Rafinesque. V. (789)

899 b. Percina caprodes zebra
1

* Agassiz. Vn.

295—HADROPTERUS Agassiz. (261,262)

§ Alvordius Girard.

900. Hadropterus rnacrocephalus Cope. Vne. (781)

901. Hadropterus phoxocephalus Nelson. Vw. (782)

902. Hadropterus aspro Cope & Jordan. Vw. (783)

903. Hadropterus ouachitae 3 Jordan & Gilbert. Vsw.

904. Hadropterus peltatus 4 Stauffer. Ve. (784,785,786)

§ Ericosma Jordan.

905. Hadropterus evides Jordan & Copeland. Vw. (787)

906. Hadropterus fasciatus Girard. Vsw. (788)

§ Hadropterus.

907. Hadropterus nigrofasciatus Agassiz. Vs. (.790)

908. Hadropterus aurantiacus Cope. Vs. (789)

909. Hadropterus squamatus 5 Gilbert & Swain. Vs.

910. Hadropterus cymatotEenia 6 Gilbert & Meek. Vw.
911. Hadropterus nianguae 7 Gilbert & Meek. Vw.
912. Hadropterus variatus Kirtland. Vw. (801)

§ Serraria Gilbert.

913. Hadropterus scierus 8 Swain. Vsw.

914. Hadropterus ? tessellatus Storer. Vs. (796)

915. Hadropterus ? cinereus Storer. Vs. (797)

1 Cottogaster uranidea Jordan & Gilbert, Proc. U. S. Nat. Mus., 1885. Washita River,

Arkansas.
2 Pileoma zebra Agassiz, Lake Superior, = Percina manitou Jordan.
3 Hadropterus ouachitae Jordan & Gilbert, Proc. U. S.Nat. Mus., 1885. Saline River,

Arkansas.
4 Hadropterus maculatus Girard= Ethcostoma peltatum Stauffer=Ethcostoma nevisense

Cope='Alvordius crassus Jordan & Brayton=-Alvordius variatus Anct. (not Alvordius

maculatus Girard, nor Etheostoma variatum Kirtland).
r
" Hadropterus squamatus Gilbert & Swain, Proc. U. S. Nat. Mus., 1885. Tennessee

Basin.
6 Hadropterus cymatokenia Gilbert & Meek, Proc. U.S. Nat. Mus., 1885. Ozark re-

gion of Missouri.

7 Hadropterus nianguce Gilbert, & Meek Proc. U. S.Nat. Mus., 1885. Niangua River,

Southern Missouri.

* Hadropterus scierus Swain. Proc. U. S. Nat. Mus., 1883, 352. Southern Indiana

and south westward ; very abundant in streams of Arkansas and Texas. This species

is made the type of a genus, Serraria, by Gilbert (Proc. U. S. Nat. Mus., 1884), distin-

guished from Hadropterus by the serrulate preopercle.
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296.—ETHEOSTOMA Rafmesquc. (263,264,265,266)

§ Iihothccca 1 Jordan.

916. Etheostoma zouale Cope. Vw. (798)

916b. Etheostoma zouale arcansanum"1 Jordan & Gilbert. Vsw.

917. Etheostoma lynceum 3 Hay. Vs. (799)

918. Etheostoma thalassinum Jordan & Brayton. Vse. (800)

919. Etheostoma inscriptum Jordan & Brayton. Vse. (802)

§ Nothonotus Agassiz. (263)

920. Etheostoma camurum 4 Cope. Ve. (791,795)

921. Etheostoma maculatum 5 Kirtland. Vc. (792,793)

922. Etheostoma rufolineatum Cope. Vs. (794)

§ Etheostoma.

923. Etheostoma flabellare Rafinesque. V. (604)

923b. Etheostoma flabellare 6 cumherlandieum Jordan & Swain. Vs.

923 c. Etheostoma flabellare Uneolatum Agassiz. Vuw. (803)

924. Etheostoma artesiae Hay. Vs. (809)

925. Etheostoma squamiceps Jordan. S. (805)

§ Pcecilichthys Agassiz.

926. Etheostoma virgatum Jordan. Vc. (806)

927. Etheostoma sagitta 7 Jordan & Swain. Ve.

928. Etheostoma saxatile Hay. Vs. (807)

929. Etheostoma rupestre 8 Gilbert & Swain. Vs.

930. Etheostoma luteovinctum 9 Gilbert & Swain. Vs.

931. Etheostoma parvipinne lu Gilbert & Swain. Vs.

932. Etheostoma boreale n Jordan. Vne.

933. Etheostoma punctulatum 13 Agassiz. Vw.

I Bhothosca Jordan snbgenus nova; type Pcecilichthys zonalis Cope; substitute for

Nanostoma Putnam; preoccupied by Nanuostomus Giinther, a genua of Characinidce

(podoS, a current ; oixsoo, to inhabit.) I here regard Pcecilichthys, Nothonotus, and Ilho-

thceca as subgenera under Etheostoma.

'Etheostoma zonale arcansanum Jordan & Gilbert, Proc. U. S.Nat. Mus.,1885. Ar-

kansas and southward.
3 Etheostoma lynceum Hay, noin. sp. nov. for Xanostoma elcgans Hay ; not Boleichthys

elegans Girard.

4 Pcecilichthys camurus Cope= Pcecilich thys rulueratus Cope.

B Etheostoma maculatum Kirtland= Pcecilichthys sanguifluus Cope.

6Etheostoma cumberlandicum Jordan & Swain, Proc I
r

. S. Nat. Mus., 1883, 251. Cum-

berland River.

7 Pcecilichthys sagitta Jordan & Swain, Proc. U. S. Nat. Mus., 1883, 2C0. Cumberland

River.
8 Etheostoma rupestre Gilbert & Swain, Proc. V. S. Nat. Mus., 1885. Tennessee

Basin.

''Etheostoma tuleorhielum Gilbert & Swain, Proc. U. S.Nat. Mus., 1885. Northern

Alabama.

'"Etheostoma parvipinne Gilbert & Swain, Proc. U. S. Nat. Mus.,1885. Northern

Alabama.
II Pcecilichthys bortalis Jordan, Proc. V. S. Nat. Mus., 1884. Montreal.

'-This is nor the species described as Paeilichthys punctulatus in I be Synopsis. For

description, see Gilbert & Meek, Proc. U. S. Nat. Mus., 1885. Osage River.
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934. Etheostoma whipplei ' Girard. Vsw. (808)

935. Etheostoma leptdum Baird & Girard. "Vsw. (810)

936. Etheostoma cceruleum Stover. Vc. (811)

936 b. Etheostoma cceruleum spectabile Agassiz. Vw. (812)

937. Etheostoma jessiee - Jordan & Brayton. Vw. (814)

938. Etheostoma iowse Jordan & Meek. Vnw.

$

939. Etheostoma tuscumbia 3 Gilbert & Swain. Vs.

§ Boleichthys Girard.

940. Etheostoma quiesceris 4 Jordan. Vse.

941. Etheostoma fusiforme5 Girard. V. (815, 816, 817, 818, 819, 822)

941b. Etheostoma fusiforme eos Jordan & Copeland. Vnw. (819)

942. Etheostoma exile B Girard. Vnw. (820,821)

297.—ALVARIUS Girard. (267)

943. Alvarius lateralis Girard. Vsw. (823)

944. Alvarius prceliaris Hay. Vs. (824)

945. Alvarius punctulatus Putnam. Vn. (825)

946. Alvarius fonticola 7 Jordan & Gilbert. Vsw.

298.—PERCA Linnaeus. (268)

947. Perca lutea Kafinesque. Vne. (826)

299.—STIZOSTEDION Rafmesque. (269)

948. Stizostedion vitreum Mi t chill. V. (827)

949. Stizostedion canadense Smith. Vne. (828)

949b. Stizostedion canadense griseum De Kay. Vn.

949 c. Stizostedion canadense borcum Girard. Vnw.

Family C—CENTEOPOMID^.8

300.—CENTROPOMUS Lacdpede. (270.)

95*0. Centropomus undecimalis Blocb. W. P. (879)

1 This is I'. punctulatus of the Synopsis, not of Agassiz. It is readily distinguished

from the preceding by its slenderer form, larger scales, and less speckled coloration.

In life it is spotted with bright red. See Gilbert, 1. c.

2 Paeilichthijs Jessies Jordan & Brayton=PcecUicht]tys asprigenis Foxhes=Pcecilichthys

swaini Jordan, Proc. U. S. Nat. Mus., 1884, 479. The lateral line in this species is some-

times complete.

"Etheostoma tuscumbia Gilbert & Swain, Proc. U. S.Nat. Mus., 1885. Tuscumbia
Spring, Alabama.

4 Pacilichthys quiescens Jordan, Proc. U. S. Nat. Mus., 1884, 478. Suwannee River,

Georgia.
h Boleo8omafusiformi8GiialT&=Boleo8oma barratli H.o\bro6k=B:ololepi8 crochrons Cope

=Boleo8oma gracile Gixaird.=Pcecilichfhys butlerianusTI&j—Pwcilichthysjoalustris Gilbert,

Proc. U. S. Nat. Mus., 1884, 209. ParUichthys eos seems also to represent a slight vari-

ety of this widely diffused species.

6 Boleichthys warreni is doubtless identical with Etheostoma exile. The types of the

former are lost.

7 Microperca fonticola Jordan & Gilbert, Proc. U. S. Nat. Mus., 1885. San Marcop

Spring, Texas. Alvarius and Microperca are probably identical.

8 The characters of the family of Ccntropomidw are given in detail by Prof. Gill,

Proc. U. S. Nat, Mus., 1882, 484.



870 REPOKT OF COMMISSIONER OF FISH AND FISHERIES. [82]

951. Centropomus nigrescens ' Giinther. P.

952. Centropomus pedimacula 2 Poey. P. W. •

953. Centropomus robalito' Jordan & Gilbert. P.

Family CI.—SERRANIDiE. (86)

301.—ROCCUS Mitchill. (271)

§ Eoccus.

954. Roccus septentrionalis 4 Bloch & Schneider. N. S. Ana. (830)

955. Roccus chrysops Rannes(uie. Vw. (831)

$ Morone (Mitchell) Gill.

956. Roccus interruptus Gill. Vsw. (832)

957. Roccus americanus Grnelin. N. Ana. (833)

302.—SERRANUS Cuvier. (274)

§ CentroprisHs Cuvier.

958. Serranus atrarius Linnaeus. S. (836)

959. Serranus furvus Walhaum. 6 N. (836 b.)

960. Serranus philadelphicus 6 Linnaeus. S. (b37)

§ Diplectrum Holbrook.

961. Serranus formosus Linnaeus. S. W. (838)

962. Serranus radialis 7 Quoy & Gaimard. P. W.

§ Prionodes Jenyns.

963. Serranus subligarius Cope. W. (839)

964. Serranus phcebe 8 Poey. W.

1 Centropomus nigrescens Giiuther, Proc. Zool. Soc. London, 1864, 144 ; Giinther, Fishes

Centr. Amer., 1869, 407. Mazatlan to Panama.
a Centropomus pedimacula Poey, Memorias Cuba, II, 1860, 122=Centropomus medius

Giinther, Fish. Centr. Amer., 1869, 406. Both coasts of tropical America, north to

Mazatlan.
3 Centropomus robalito Jordan & Gilbert, Proc. U. S. Nat. Mas., 1881, 462. Mazatlan.

4 This species should stand as above, instead of Eoccus lineatus. The original Sciana

lineata of Bloch was probably one of the European species. To the synonymy add

Perca saxatilis and Perca septentrionalis Bloch & Schneider, Syst. Nat., 1801, 89, 90.

Perca saxatilis is preoccupied.

B Percafurva Walbaum, Artedi Piscium, 1279= Corypftcena nigrescens Bloch & Schnei-

der, 1801.

6 Perca philadelphica Linnanis, Syst. Nat.X, 291, 1758=ed. XII, 1766, 484=Perca tri-

furca Linnaeus, Syst, Nat,, ed. XII, 489, 1766.

7 Serranus radialis Quoy &. Gaimard,Voyage Freycinet, 31G— CentroprisHs radialis

Giinther, I, &'S—Centropristis macropoma Giinther, Fish. Centr. Amer., 1869, 409. Coast

of Brazil and west coast of tropical America, north to Gulf of California.

8 Serranus pliozbe Poey.

Light brownish, paler below ; a sharply defined white bar extending upward from

before vent about to middle of side, its width rather moro than diameter of pupil ; before

this a broad dusky shade extending downward from back ; a vaguely defined quadrate

paler area below middle of dorsal and another on back of tail; head and fins without

sharp markings. Body oblong, the back little elevated, the head large and not sharp
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965. Serranus calopteryx ' Jordan & Gilbert. P.

§ Paraldbrax Girard.

966. Serranus clathratus Girard. C. (840)

967. Serranus rnaculofasciatus Steindachner. C. P. (841)

968. Serranus nebulifer Girard. C. (842)

303.—HYPOPLECTRUS Gill. (274 b- )

969. Hypoplectrus nigricans Poey. W. (843)

970. Hypoplectrus gemma 2 Goode & Bean. W.

304.—ANTHIAS s Bloch.

971. Anthias multifasciatus Gill. P.

972. Anthias vivanus 4 Jordan . W.

305.—PARANTHIAS Guichenot. (273 6.)

973. Paranthias furcifer Cuv. &Val. W. P. (835 6.)

306.—POLYPRION Cuvier.

974. Polyprion americanus 5 Blocb & Schneider. Ace. B. Eu. (835)

307.—STEREOLEPIS Ayres.

975. Stereolepis gigas Ayres. C. (834)

in profile, much less slender than in S. subligarius. Teeth moderate, those on sides

of lower jaw and front of upper largest ; mouth moderate, the maxillary reaching to

center of pupil, 2£ in head ; lower jaw projecting; snout 3| in head ; eye large, 3f

in head. Scales on cheeks large; preopercle moderately serrate, the teeth nearly

uniform
;
gill-rakers rather short. Caudal moderately forked ; dorsal spines rather

strong, higher than the soft rays, the longest 2^ in head; secoud and third anal spines

subequal; pectorals reaching front of anal, If in head; head 2§ ; depth 3£ ; D X, 12,

A. Ill, 7. Scales 5-48-14. L. 8 inches. West Indies, north to Pensacola, Florida.

(Poey, Memorias Cuba, I, 1851, 55 ; Centropristis phocbe Giinther, I, 85, 1859; Hali-

perca phozbe Poey, Euum. Pise. Cubens., 1875, 22.)

1 Prionodes fasciatus Jenyns, Voyage of the Beagle, Fishes, 1842, 46 = Serranus

calopteryx Jordan &. Gilbert, Proc. U. S. Nat. Mus., 1881, 350. Mazatlau to Galapagos

Islands. The namefasciatus is preoccupied in this genus.

2 Hypoplectrus gemma Goode & Bean, Proc. U. S. Nat. Mus., 1882, 428. Garden Key,

Florida.
3 Anthias Bloch.

( Pronotogramm us Gill.

)

(Bloch, Ichtbyologia, type Lauras anthias L. = Anthias saccr Bloch.)

This genus is closely allied to Serranus, differing technically chiefly in the direction

of the lateral line, which runs very high and is concurrent with the back, becoming

abruptly straight and horizontal below last rays of dorsal. The body is rather

strongly compressed, the snout blunt, the mouth oblique, the maxillary broad and

scaly, and some of the fins with produced or filamentous rays, and the caudal generally

deeply forked. Species of rather small size, mostly inhabiting deep waters.

Anthias multifasciatus= Pronotogrammus multifasciatus Gill, Proc. Ac. Nat. Sci,

Phila., 1883, 81. Cape San Lucas. See Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882,

360.

4Anthias vivanus Jordan, Proc. U. S. Nat. Mus., 1885. Pensacola.

4Amphiprion americanus Bloch & Schneider, Syst. Ichth., 1801,25; not Epineplielm

oxygenenios Bloch & Schneider, 1. c. 301.
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308.—PROMICROPS 1 Gill. (277)

976. Promicrops itaiara Lichtenstein. W. P. (853)

309.—MYCTEROPBRCA- Gill. (275)

977. Mycteroperca rosacea3 Streets. P.

978. Mycteroperca falcata phenax 4 Jordan & Swain. W.
979. Mycteroperca microlepis Goode & Bean. W. S. (84G)

980. Mycteroperca bonaci 6 Poey. W.
980 b. Mycteroperca bonaci xanthoslicta Jordan & Swain.

981. Mycteroperca venenosa 6 Linnasns. W. (846 6.)

310.—EPINEPHELUS Blocb. (276)

982. Epinephelus nigritus Holbrook. S. (850)

983. Epinephelus moric Cuv. & Val. S. W. (849)

984. Epinephelus striatus Blocb. W. (850 6.)

985. Epinephelus sellicauda' Gill. P.

986. Epinephelus niveatus Cuv. & Val. W. Ace. (851)

987. Epinephelus drummond-hayi Goode & Bean. S. W. (848)

988. Epinephelus apua 8 Bloch. W. (850c.)

989. Epinephelus ascensioms 9 Osbeck. W. (847)

990. Epinephelus analogus I0 Gill. P.

311.—ALPHESTES" Blocb & Schneider.

991. Alphestes multiguttatus Giintber. P.

lSerranus itaiara Lichtenstein= Promicrops guasa Poey.

For an account of the American genera and species of Epinephelus and related

forms see Jordan & Swain, Proc. U. S. Nat. Mus., 1884, 358. This paper should

supersede the very incomplete account given in the Synopsis.

^Mycteroperca Gill, 1863= Trisotropis Gill, 1865.

3Epinephelus rosaceus Streets, Bull. U. S. Nat. Mus., VII, 1877, 51 ; M. rosacea Jordan

& Swain, 1. c, 361. Gulf of California.

4 Mycteroperca falcata phenax Jordan & Swain, 1. c. 363. Key West to Pensacola.

6 Serranus bonaci, brunneus, arara, etc., Poey. See Jordan & Swain. 1. c. 370. Key
West, southward; Var. xanthosticta (1. c. 371) at Pensacola.

e Perca venenosa L. = Serranus petrosus Poey.

''Epinephelus sellicauda Gill, Proc. Ac. Nat. Sci. Phila., 1862, 250 ; Jordan &, Swain,

Proc. U. S. Nat. Mus., 1884, 385.

8 Described in the Synopsis, page 919, under the erroneous name of Epinephelus gut-

talus. See Jordan &. Swaib, 1. c. 389.

''Described in the Synopsis, page 539, under the name of Epinephelus capreolus. See

Jordan & Swain, 1. c. 391.

wEpinephclus analogus Gill, Proc. Ac. Nat. Sci. Phila., 1863. Jordan & Swain, 1. c.

393.
uAlphestes Blocb & Schneider.

(Prospinus Poey.)

(Blocb & Scbueider, Syst. Ichth., 1801, 236; type, Epinephelus afer Blocb.)

This genus includes small species, differing from Epinephelus chiefly in the presence

of a strong antrorse spine on the lower side of the angle of the preopercle. The three

known species are American. (AA.cprjdtT/?, enterprising or greedy ; a name applied to

some kind of fish which goes in pairs.), Alphestes mnltiguttatus—Plectropoma multignt-

tatum Giintber, Proc. Zool. Soc. London, 1866, 600. See Jordan & Swain, 1. c. 395,

Mazatlan to Panama.
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312.—ENNEACENTRUS 1 Gill. (276 &.)

$ Petrometopon Gill.

992. Enueacentrusguttatus 2 coronatus Cuv. & Val. W.

fyEnneacentrus.

993. Enneacentrus taeniops Cuv. & Val. W. Ace. (852 6.)

994. Enneacentrus fulvus ruber 3 Bloch. W.

313.—DERMATOLEPIS 4 Gill.

995. Dermatolepis punctatus Gill. P.

Family CIL—RHYPTIOID^.5

314.—RHYPTICUS Cuvier. (279)

^Rhypticus.

996. Rhypticus saponaceus B Bloch. W.
997. Rhypticus xanti 7 Gill. P.

1 For a .statement of the reasons why Enneacentrus is preferred to Bodianus as the

name of this group, see Jordan & Swain, 1. c. 39?.

^Enneacentrus guitatus L.; var coronatus Cuv. & Val. Key West and southward.

For a description of tbis species .see Jordan &. Swain, 1. c. 398.

3 The Liunasan name, Labrus Julvus (Syst. Nat., X, 1758, 287), has priority for this

species. The yellow, red, and brown varieties may stand as fulcus, ruber, and puncta-

tus, respectively. See Jordan & Swain, Proc. U. S. Nat. Mum., 1894, 402.

Epiuephelus fulvus punctatus Liniueus. W. (852&)

"Dermatolepis Gill.

(Lioperea Gill.)

(Gill, Proc. Ac. Nat. Sci. Phila., 1861, 54; type, Dermatolepis punctatus Gill.)

Scales all cycloid ; canine teeth very small or obsolete ; body comparatively deep
;

head small ; soft dorsal, unusually long, of 19 or 20 rays ; spines low. Otherwise es-

sentially as in Epinepltclus. Two species known. (Aspjiux , skin ; XeitiS, scale.)

Dermatolepis punctatus Gill, Proc. Ac. Nat. Sci. Phila., 1861, 54. Jordan & Swain,

1. c. 407. Cape San Lucas and adjacent rocky islands.

6 The genus Rhypticus, differing from all other Serranidce in the absence of aual spines

and in the reduced number (2 to 4) of the dorsal spines, may be regarded as the type

of a distinct family.

6 Rhypticus saponaceus Bloch & Schneider.

Soap-fish; Jabon; Jaboncillo. Olivaceous brown, Avithout distinct markings, in

spirits. Body oblong, the back little arched, the snout rather pointed in profile,

mouth moderate, the maxillary extending to beyond the eye, 2-} in head; eye about

equal to snout, 3f in head. Opercle with three strong spines, the middle one largest;

preopercle with two spines. Head 3£ ; depth 3£. D. Ill, 25 ; A. 17. West Indies,

north to Pensacola, Florida.

(Anthias saponaceus Bloch & Schneider, Systema Ichth., 1801, 310; Cuv. & Val.,

Ill, 63; Giinther, I, 172; Eleuthcraclis coriaceus Cope, Trans. Am. Phil. Soc, 1871,

467.)

7Rhypticus xanti GUI, Proc. Ac. Nat. Sci. Phila., 1862, 250. Cape San Lucas, and

southward,
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$ Promicropterus Gill.

998. Rhypticus bistrispinus 1 Mitchill. S. (855,857?)

999. Rhypticus nigripinnis 2 Gill. P. (856)

Family CIII.—PRIAOANTHID^J. (87)

315.—PRIACANTHUS Cuvier.

1000. Friacanthus catalufa 3 Poey. AY.

316.—PSEUDOPRIACANTHUS ' Bleeker.

1001. Pseudopriacanthus altus Gill. . B. (859)

Family CIV.—LOBOTID^E.5 '

317.—LOBOTES Cuvier. (285)

1002. Lobotes surinamensis Bloch. N. S. W. P. (876)

Family CV.—SPABIDES.

318.-XENICHTHYS Gill.

1003. Xenichthys xanti r
> Gill. P.

319.—XENISTIUS Jordan & Gilbert, (281)

1004. Xenistius californiensis Steindachner. C. (860)

320.—HOPLOPAGRUS 7 Gill.

1005. Hoplopagrus giintheri Gill. P.

1 Rodianus bistrispinus Mitchill, Amer. Monthly Magazine, IV, 1818, 247 (Straita

of Bahama)—Rhypticus maculatus YloW)xo6k.= :!

! Rhypticus pituitosus Goode & Bean

(young), The specimen from Newport, R. I., recorded by Cope as Promicropterus deco-

ratus seems to belong to this species.

"Rhypticus nigripinnis Gill, 1861. Rhypticus maculatus Gill, 1862= Promicropterus

decoratus Gill, 1868. Capo San Lucas to Panama.
3 Tho species called in the Synopsis Priacanthns macrophthalmus (p. 544) and Pria-

canthns arenatus (p. 971) should stand as Priacanthns catalufa Poey; Catalufa, Rig-eye,

Bull's-eye. Instead of the synonymy in the Synopsis, read

—

(Catalufa Parra, Descr. Dif. Piezas Hist. Nat., 1787 ; Priacanthns macrophthalmus Cuv.

& Val., Ill, 95 in part; not Anthias macrophthalmus Bloch, which is an East Indian

species; Priacanthns macroph ihalmus Giinther, I, 215; Priacanthns catalufa Poey, Proc.

Ac. Nat. Sci. Phila., 1863, 182; not Priacanthns arenatus C. & V.

)

4 Pseudopriacanthus Bleeker should be recognized as a genus distinct from Priacan-

thns.

5 The genus Lolotes should be removed from the family of Sparidce and placed in or

near the Serranidce, with which it agrees in many respects, differing in the absence

of teeth on the vomer. It may stand as a separate family Lobotid-ZE, which has

been defined by Professor Gill, Proc. U. S. Nat. Mus., 1882, 560.

"Xenichthys xanti Gill, Proc. Ac. Nat. Sci. Phila., 1863, 83= Xenichthys xenops Jor-

dan & Gilbert, Bull. U. S. Fish Com., 1882, 325. Capo San Lucas to Panama.

7 HoPLOPAGKUS Gill.

(Gill, Proc. Ac. Nat. Sci. Phila,, 1862, 253; typo Hoplopagrus guntheri Gill.)

This genus resembles Lutjanus in most respects, differing strikingly in the structure

of the anterior nostril aud in the dentition. The anterior nostril is remote from tho
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321.—LUTJANUS 1 Block.

1006. Lutjanus argentiventris 2 Peters. P.

1007. Lutjanus caxis 3 Block & Schneider. W.
1008. Lutjanus jocu 4 Bloch & Schneider. W.
1009. Lutjanus griseus 5 Linnseus. S. W. 862, 862 b. , 864)

1010. Lutjanus novemfasciatus 6 Gill. P.

1011. Lutjanus guttatus 7 Steindackner. P.

1012. Lutjanus synagris Linnaeus. W. (864 b.)

1013. Lutjanus vivanus 8 Cuv. & Val. S. W. (862 c, 863)

1014. Lutjanus analis 9 Cuv. & Val. W.
1015. Lutjanus Colorado 10 Jordan & Gilbert. P.

1016. Lutjanus aratus " Giintker. P.

1017. Lutjanus inermis 12 Peters. P.

322.—OCYURUS Gill.

1018. Ocyurus chrysurus 13 Bloch. W. (861)

posterior and is placed near the end of the snout ; vomer with three 1 arge molar teeth

;

teeth in jaws coarse and hlunt. Otherwise as in Lutjanus. One species known.
(' OnXoS, armed ; xaypoS, Pagrus, Spanish " Pargo," English " Porgee," a general name
for sparoid fishes.)

Hoplopagrus guntlxcri Gill, 1. c. 253 ; Steindachner, Ichth. Beitr., VI, 1, 1878; Jordan

& Swain, Proc. U. S. Nat. Mus., 1884, 429. Cape San Lucas to Panama.
x For a full account of tke American species of Lutjanus and related genera (Hop-

lopagrus, Ocyurus, Rhomboplites, Tropidinius, Aprion, Etelis, and Vcrilus), see Jordan

& Swain, Proc. U. S. Nat. Mus., 1884, 427. Tke ckaracters of the genera are given by
Gill, Proc. U. S. Nat. Mus., 1884, 351, and in tke paper above quoted.

2 Mesoprion argentiventris Peters, Berliner Monatsberickte, 1869, 704 = Lutjanus

argentiventris Jordan & Swain, 1. c. 434. Mazatlan to Panama.
3 For synonymy and description of Lutjanus caxis, see Jordan & Swain, 1. c. 435.

West Indies, nortk to Key West.
4 For synonymy and description of Lutjanus jocu, see Jordan & Swaiu, 1. c, 437.

5 Labrus griseus L. = Antltias caballerole Block & Sckneider = Lutjanus steamsi Goode

& Bean = Lutjanus caxis Synopsis, p. 548 ; not Sjiarus caxis Block & Sckneider. Tke
common Gray or Mangrove Snapper of our soutkern coasts. See Jordan & Swain, 1. c.

439.

6For synonymy of Lutjanus novemfasciatus see Jordan & Swain, 1. c. 443. For de-

scription see Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 232 (Lutjanus prieto J. & G.).

Capo San Lucas to Panama.
7 For synonymy and description of Lutjanus guttatus, see Jordan & Swain, I.e. 447.

Mazatlan to Panama.
8 Mesoprion vivanus Cuv. & Va\.=Mcsoprion campeclianus "Poej=Lutjanu8 blackfordi

Goode & Bean. Ckarleston and Pensacola to Aspinwall and tke Lesser Antilles. For

synonymy and description of Lutjanus vivanus, see Jordan & Swain, 1. c. 453.

9 For synonymy and description of Lutjanus analis, see Jordan & Swain, I.e. 455.

West Indies, nortk to Key West.
10 For synonymy and description of Lutjanus Colorado, see Jordan & Gilbert, Proc, U.

S. Nat. Mus. 1881, 338, and Jordan & Swain, 1. c. 1884, 457. Mazatlan to Panama.
11 For synonymy and description of Lutjanus aratus, see Jordan & Swain, 1. c. 460.

Mazatlan to Panama.
12 For synonymy and description of Lutjanus inermis, see Jordan & Swain, 1. c. 459.

One specimen known, from Mazatlan.
13 For synonymy and detailed description of Ocgurus chrysurus, see Jordan & Swain,

Proc. U. S. Nat. Mus., 1884, 461.
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323.—RHOMBOPLITES Gill.

1019. Rhomboplites aiirorubens 1 Cuv. & Val. W. S. (865)

324.—CONODON Cuv. & Val. (282 b. )

1020. Conodon nobilis Linnaeus. W. (860)

1021. Couodon serrifer 2 Jordan &- Gilbert. P.

325.—ORTHOPRISTIS 3 Girard.

§ Microlepidotus Gill.

1022. Orthopristis inornatus 4 Gill. P.

§ Orthopristis.

1023. Orthopristis brevipinnis 6 Steinclaclmer. P.

1024. Orthopristis cantharinus 6 Jenyns. P.

1025. Oithopristis chalceus 7 Giinther. P.

1026. Orthopristis chrysopterus 8 Linnams. S. W. (867,868)

326.—POMADASYS Lacdpede. (283)

§ Hamiulopsis Steindachner.

1027. Pomadasys leuciscus 9 Giinther. P.

1028. Pomadasys elongatus 10 Steinclaclmer. P.

1029. Pomadasys nitidus 11 Steinclaclmer. P.

1030. Pomadasys axillaris l3 Steindachner. P.

I For synonymy and description of Rhomboplites aurorubens, see Jordan & Swain, 1. c.

464.

* Conodon. serrifer Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 351. Boca Soledad,

Lower California.

3 It is probably better to regard Conodon, Orthopristis, and Anisotrcmus as generically

distinct from Pomadasys. See Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 384, for

an analysis of the characters of the Pacific coast species of this group.
4 Microlepidotus inornatus Gill, Proc. Ac. Nat. Sci. Phila., 1862, 256. Cape San Lucas

(not Pomadasys inornatus Jordan & Gilbert, 1. c. 388).

6 Pristipoma brevipinne Steindachner, Ichthyol. Notizen, VIII, 1869, 10. Mazatlan

to Panama. See Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 625.

,; Pristipoma cantharinum Jenyns, Zool. Voy. Beagle, 49, 1842, and Giinther, 1, 363,

Giiuther's description agrees with a specimen from Guaymas, diagnosed by Jordan &
Gilbert, Proc. U. S. Nat. Mus., 1881, 274 as " Pomadasys ? inornatus," and on page 388,

I.e., as P. cantharinus. This species is distinct from O. chalceus, and is probably the

original cantharinus from the Galapagos Islands. I have, however, seen specimens of

O. chalceus from the Galapagos.
7 For synonymy and diagnosis of Orthopristis chalceus Bee Jordan & Gilbert, Proc.

U. S. Nat. Mus., 1881, 387. Mazatlan to Galapagos Islands.

B Perca clirysoptera Linn. Syst. 'Nnt.=Pristipoma fulvomaculatum and P. fasciatum of

Cuv. & Val. The Linnaean type, sent by Dr. Garden from Charleston, has been

identified by Dr. Bean.

'•'For diagnosis see Jordan & Gilbert, 1. c. 387. Mazatlan to Panama.
lu Pristipoma leuciscus var. elongatus, Steindachner, Neuo & Selteno Fische aus K. K.

Museum, Wien, &c, 1879, taf. 9, f. 2. Pomadasys elongatus Jordan & Gilbert, Proc.

U. S. Nat Mus., 1882, 352. Mazatlan to Panama,
II For diagnosis of Pomadasys nitidus see Jordan & Gilbert, 1. c. 387. Mazatlan to

Panama.
13 For diagnosis of Pomadasys axillaris see Jordan & Gilbert, 1. c. 387. Gulf of

California to Panama.
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§ Pseudopristipoma Sauvage.

1031. Pomadasys panamensis ' Steindachner. P.

§ Pomadasys.

1032. Pomadasys branicki " Steindachner. P.

1033. Pomadasys macracanthus 3 Giinther. P.

327.—ANISOTREMUS Gill.

1034. Anisotremus dovii 4 Giinther. P.

1035. Anisotremus caesius 5 Jordan & Gilbert. P.

1036. Anisotremus interruptus" Gill. P. (871ft.)

1037. Anisotremus bilineatus C uv. &, Val. W. (871)

1038. Anisotremus davidsoni Steindachner C. (869)

1039. Anisotremus virginicus Linnaeus. W. (870)

1039 b. Anisotremus virginicus 7 tceniatus Gill. P.

328.—HiEMULON 8 Cuvier.

§ Ortlwstocclrus Gill.

1040. Haemulon maculicauda 9 Gill. P.

§ Lythrulon Jordan & Swain.

1041. Haemulon flaviguttatum I0 Gill. P.

§ Bathysioma Scudder.

1042. Haemulon aurolineatum 11 Cnv. & Val. W. (874 b.)

1043. Haemulon limator 12 Jordan & Swain. S. W. (873)

'For diagnosis of Pomadasys panamensis see Jordan and Gilbert, 1. c. 387. Mazat-

lau to Panama.
2 For diagnosis of Pomadasys branicki see Jordan and Gilbert, 1. c. 38G. Mazatlan

to Turnbez, Pern.
3 For diagnosis of Pomadasys macracanthus see Jordan & Gilbert, 1. c. 386. Maz-

atlan to Panama.
4 For diagnosis of Anisotremus dovii see Jordan &. Gilbert, 1. c. 38G. Mazatlan to

Panama.
5 Pomadasys ccesius Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 383. Mazatlan.
6 Anisotremus modestus Tscbudi, accredited to Mazatlau (as Prisiipoma notation), by

Peters, is bere omitted, for reasons given in Proc. Ac. Nat. Sci. Pbila., 1883, 286.

7Anisotremus taniatus Gill. Proc. Ac. Nat. Sci. Pbila., 1861, 107. Gnlf of Cali-

fornia to Panama. For characters of this subspecies see Jordan & Gilbert, Proc. IT.

S. Nat. Mus., 1882, 372.

8 The generic name Diabasis is preoccupied and must give place to Hcemulon. For

a detailed account of the species of this genus see Jordan & Swain, Proc. U. S. Nat.

Mus., 1884, 281.

9 For an account of Hcemulon maculicauda see Jordan & Swain, 1. c. 315. Cape San

Lucas to Panama.
10 See Jordan & Swain, 1. c. 314. Cape San Lucas to Panama.
11 Hcemulon aurolineatum Cu'v. & Val.= Haemulon jeniguano Poey. See Jordan &

Swain, 1. c. 310.

13 Hcemulon rimalor Jordan & Swain, 1. c, 308. =Hcemulon chrysopterum C. &. V., not

of L.



878 REPORT OF COMMISSIONER OF FISII AND FISHERIES. [90]

§ Brachygenys Scudder.

1044. Haemulon taeniatum ' Poey. W.

§ Hcemulon.

1045. Haemulon flavolineatum 2 Desniarest. W.
1046. Haemulon plumieri Lacepede. S. W. (872)

1047. Haemulon sciurus 3 Shaw. W. (872 6.)

1848. Haemulon steindachneri 4 Jordan & Gilbert. P.

1049. Haemulon fremebundum 3 Goode & Bean. W. (874)

1050. Haemulon scudderi 6 Gill. P.

1051. Haemulon acutum 7 Poey. W. (873 b.)

1052. Haemulon gibbosum 8 Walbauni. W. (873 c.)

1053. Haemulon sexfasciatum 3 Gill. P.

329.-SPARUS Linnsens.

§ Pagrus Cuv. & Val.

1054. Sparus pagrus Linnaeus. S. Eu. (878)

330.—CALAMUS Swainson. (285)

1055. Calamus proridens 1 " Jordan & Gilbert, W. (8766.)

1056. Calamus calamus 11 Cuv. & Val. W.
1057. Calamus bajonado 12 Blocb & Schneider. W.
1058. Calamus brachysomus 13 Lockington. P.

'For description of Hccmulon tceniatum see Jordan & Swain, 1. c. 307. West Indies,

north to Key West.
2 For description and synonymy of Hcemulon flavolineatum see Jordan & Swain, 1.

c. 305. West Indies north to Key West.
3 Sparus sciurus Shaw—Hcemulon elegans Cuvier. See. Jordan & Swain, 1. c 301.

4 Diabasis steindachneri Jordan & Gilbert, Bull. U. S. Fish Com., 1881, 322. Maz-

atlau to Panama.
6 For description of the adult form of Hcemulon fremebundum see Jordan & Swain,

1. c.297. This species has been recently described from Jamaica under the name of

Diabasis lateralis (Vaillant & Bocourt, Miss. Sci. au Mexique, 1883.)

6 For description of Hcemulon scudderi see Jordan & Swain, I.e. 296. Mazatlan to.

Panama.
7 Described by Jordan & Swain, 1. c. 294.

8 For description of Hcemulon gibbosum see Jordan & Swain, 1. c. 290. The oldest

binomial name of this species in that of Perca gibbosa Walbaum, Artedi, Piscinm, 1792,

348, based on Perca marina gibbosa, the Margate-fish, of Catesby.

9 For description of Hcemulon sexfasciatum see Jordan & Swain, 1. c.288.

10 Calamus proridens Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 239—Calumus

pennatula Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 15 (not of Guichenot). West

Indies, north to Key West. For synonymy and description of this and other species

of Calamus see Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 15.

11 For synonymy and description of Calamus calamus see Jordan & Gilbert, 1. c. 1G.

West Indies, north to Key West.
12 For synonymy and description of Calamus bajonado see Jordan & Gilbert, 1. c. 20.

West Indies, north to Key West,
13 Sparus brachysomus Lockington, Prop. U. S. Nat. Mus., 1880, 284 . Magdalena Bay,

southward.
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1059. Calamus leucosteus l Jordan &, Gilbert. S. (87G c.)

1060. Calamus penna 2 Cuv. & Val. S.W. (877)

1061. Calamus arctifrons Goode & Bean. S.W. (876 e.)

331.—STENOTOMUS Gill.

1062. Stenotomus caprimis Beau. S. (881 b.)

1063. Stenotomus chrysops 3 Liunams. N. S. (881)

1063 b. Stenotomus chrysops aculeatm Cuv. & Val. N. S. (880)

332.—DIPLODUS Rafinesque. (2C7)

§ Lagodon Holbrook.

1064. Diplodus rhomboides Linnajus. S.W. (882)

1065. Diplodus unimaculatus 4 Bloch. W. (1885 &.)

§ Archosargus Gill.

1066. Diplodus probatocephalus Walbaum. N. S. (883)

§ Diplodus.

1067. Diplodus holbrooki Bean. S. (884,885)

333.—GIRELLA Gray. (288)

1068. Girella nigricans Ayres. C. (886)

1 Calamus leucosteus Jordan & Gilbert noin. sp. nov. " Wbite Bone Porgy." Body
formed mucb as in Calamus penna, short and deep, -with steep anterior profile and higb,

arched back, the profile nearly straight from snout to above eyes, thence convex.
Head deeper than long; the preorbital region very deep, its least depth 2£ in head, half
greater than interorbital width. Eye rather large, 2f in head in adults; a strong
blunt prominence before it. Mouth rather large, the maxillary 2* in head. Outer
teeth in both jaws moderately enlarged, canine-like, about ten in each jaw, none of
them directed forwards. Highest dorsal spine 2£ in head. Pectorals very long, 2%
in length of body. Ventrals If in head. Scales large, those on cheeks in five rows.
Smutty-silvery sides with vague cross bars; dorsal and anal fins with dark blotches;

ventrals dusky; no black axillary spot. Head 2£; depth 3J. D. XII, 12; A. Ill,

10. Scales 7-51-14. Length about a foot. Charleston, S. C.

tPagellus penna Cuv. & Yal.=Pagellus milneri Goode & Beau. For synonymy and
description of Calamus penna see Jordan & Gilbert, 1. c. 21.

3 According to Dr. Bean, the types of Spams chrysops and Spams argyrops Lhmanis
are both the common scup. The large or Southern scup, if really a distinct species

or variety, should stand as Stenotomus aculeatus Cuv. & Val.
4 Diplodus unimaculatus (Bloch). Salema; Bream.
This species has the teeth emarginate, as in D. rhomboides, and it likewise belongs

to the subgenus Lagodon. It is distinguished from D. rhomboides by its deeper body,
and by the longer second anal spine, which extends beyond the tip of the third spine

when depressed. It has, further, 13 dorsal spines instead of 12, and its coloration is

deeper aud more golden. West Indies, north to Pensacola.

To the synonymy add :

(Salema Marcgraye, Hist. Brazil, p. 153; Perca unimaculata Bloch, taf. 308; Sargus
unimaculatus Cuv. & Val., VI, 62, 1830; Sargus unimaculatus Giinther, I, 446; Sargus
caribaus Poey, Memorias Cuba, II, 1860, 198; Diplodus unimaculatus Jordan, Proc. U. S.

Nat. Mus., 1884, 126.)
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334.—KYPHOSUS Lacepede. (289)

1069. Kyphosus sectatrix 1 Linnaeus. W. S. (887)

1070. Kyphosus analogus 2 Gill. P.

335.—CiESIOSOMA" Kuup. (290)

1071. Caesiosoma californiense Steindaehner. S. (888)

Family CVL—CIEEHITID^.4

336.—CIRRHITES Lacepede.

1072. Cirrhites rivulatus Valenciennes. P.

Family OVII.—APOGONID^.

337.—APOGON Lacepede. (291)

§ Apogon.

1073. Apogon irnberbis r
' Linnaeus. En. N. (Ace.) (889)

1074. Apogon maculatus Poey. W. (889 6.)

1075. Apogon retrosella

'

; Gill. P.

§ Apogoniohthys Bleeker.

1076. Apogon ahitus Jordan & Gilbert. W. (889c.)

§ Glossamia Gill.

1077. Apogon pandionis Goode & Bean. B. (890)

Family CVIIL—MULLID^.

338.—MULLUS Linnaeus. (292)

1078. Mullus barbatus(L.) auratus Jordan & Gilbert. S.N. Eu. (891)

1 Perca sectatrix L., Syat. Nat., Ed. XII, 486= Pimelerptents hosci Cuv. & Val.
2 Pimelepterus analogus Gill, Proc. Ac. Nat. Sci. Pbila., 1862, 245. Mazatlan to

Panama.
3 I now adopt the genus Cmsiosoma for Scorpis californiensis. This species differs much

from the figure of Scorpis georgianus, to which it may not be really related. Cossiosoma

is certainly not a Chwtodont, but a very near relative of Kyphosus. The propriety of

placing Girella, Kyphosus, and Cwsiosoma among the Sparidw is questionable. Gill has

placed them together in his family Pimelepteridce.

4 See Giiuther, ii, 70, for the characters of the family of Cirrhitidce and of the genus

Cirrhites. Our species, Cirrhites rivulatus Valenciennes, Voyage V6nus Poiss., 399 =
Cirrhitichthys rivulatus Giinther, Fish. Centr. Arner., 1869, 421 = Cirrhites bctaurus Gill,

Proc. Ac. Nat. Sci. Phila., 1862, is found from Cape San Lucas to the Galapagos Islands.

5 The specimen from Newport, R. I., recorded by Cope as Apogon amcricanus, belongs

to the European species, Apogon imherhis L. It has been compared with the latter, at

my request, by Mr. S. E. Meek.
B Amia retrosella Gill, Proc. Ac. Nat. Sci. Phila., 1862, 251. Cape San Lucas.
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339.—UPENEUS Cuvier. (293>

1079. Upeneus rnaculatus Bloch. W. (892)

1080. Upeueus martinicus 1 Cuv. & Val. W.
1081. Upeneus grandisquamis- Gill. P.

1082. Upeneus dentatus 3 Gill. P.

Family CIX.—SCI2ENLD^. (93

)

340.—APLODINOTUS Ralinesque. (294)

1083. Aplodinotus grunniens Ralinesque. V. (893)

341.—POGONIAS Lacepede. (295)

1084. Pogonias chromis Linnaeus. S. (894)

342.—RONCADOR Jordan & Gilbert. (296 6.)

1085. Roncador stearnsi Steindachner. C. (899)

343—SCIJENA LinnaBUB. (29G)

§ Stelliferus Stark.

1086. Scicena lanceolata Holbrook. S. (895)

§ Bairdiella Gill.

1087. Sciasna chrysura Lacdpede. S. (896)

1088. Sciasna icistia * Jordan & Gilbert. P.

§ Scicena.

1089. Sciasna jacobi Steindachner. C. (897)

1090. Scicena sciera 6 Jordan &l Gilbert. P.

1091. Sciaana ocellata Linnaeus. S. (898)

344.-JOHNIUS e Block. (296 c.)

§ Corvina Cuvier.

1092. Johnius saturnus Girard. C. (900)

1 Upeneus martinicus Cuv. & Val.

Yellow Goat-fish: Salmonete amarilla. Red; sides with a broad longitudinal band
Oi" bright yellow; snout with yellow streaks; vertical fins and patches on sides of

head bright yellow. Body moderately elongate; anterior profile gibbous before the

eyes; eyes large, 3^ in head. Teeth bluntish, rather strong, in two or three series,

the lower larger than the upper; no teeth on vomer. Iuterorbital space flat, 3? in

head. Barbels 1? in head ; longest dorsal spinel^; anal small. Head 3^ ; depth 4,

D. VII-9 ; A. 7. Scales 2^-37-7. L. 1 foot. West Indies, north to Key West.

(Upeneus martinicus and U. halteatus Cuvier & Valenciennes, III, 4S4, 1829; Upeneus

flavovittatm Poey, Memorias Cuba, I, 224, 1856 ; Mulhides flavorittatus Gunther, I, 403.)

2 Upeneus grandisquamis Gill, Proc. Ac. Nat. Sci. Phila., 1863, 168= Upeneus teira-

spilus Gunther, Fish. Centr. Amer., 1869, 420. Mazatlan to Panama.
3 Upeneus dentatus Gill, Proc. Ac. Nat. Sci. Phila., 1862,256; Jordan & Gilbert.

Proc. U. S. Nat. Mus., 1882, 363. Cape San Lucas.
4 Scimna icistia Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 356. Mazatlan.
6 Scicena sciera Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 480. Mazatlan to

Panama.
6 The name Johnius Bloch & Schneider should bo used instead of Corvina (pp. 572,

932) for the section of Scimna characterized by the absence of bony seme on the pre-

opercle. The mtergradations among the species will perhaps prevent this group

from being considered as a genus from Scicena.

Johnius Bloch & Schneider, Syst. Icbth., 1801, p. 74; type (as restricted by Cu
vier & Gill) Johnius carutta Bloch. (Named for John, a missionary inTranquebar.)

S. Mia. 70 5G
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345.—EQUES Bloch. (2965.)

fy
Pareques Gill.

1093. Eques acuminatus 1 Blocli & Schneider. W. (901 b.)

§ Eques.

1094. Eques lanceolatus Gmelin. W. (901 h.)

346—LIOSTQMUS Lacepede. (297)

1095. Liostomus xanthurus Lacepede. S. (902)

347.—LARIMUS Cuvier & Valenciennes. (302)

1096. Larimus fasciatus Holbrook. S. (911)

1097. Larimus breviceps 2 Cuv. & Val. P. W.

348.—GENYONEMUS Gill. (298)

1098. Genyonemus lineatus Ayres. C.- (903)

349.—MICROPOGON Cuv. & Val. (299)

1099. Micropogon undulatus Linnseus. N. S. (904)

1100. Micropogon ectenes" Jordan & Gilbert. P.

350.—UMBRINA Cuvier. (300)

1101. Umbrina roncador Jordan & Gilbert. C. (905)

1102. Umbrina xanti 4 Gill. P.

1103. Umbrina dorsalis r
> G ill. P.

1104. Umbrina broussoneti Cuv. & Val. W. (90G)

351—MENTICIRRUS Gill. (301)

1105. Menticirrus littoralis Holbrook. S. (908)

1106. Menticirrus elongatus 6 Giiutlier. P.

1107. Menticirrus undulatus Girard. C. (910)

1108. Menticirrus saxatilis 7 Blocli & Schneider. N. S. (907)

1109. Menticirrus alburnus Linnaeus. S. (909)

•1110. Menticirrus panamensis 8 Steindachner. P.

1111. Menticirrus nasus 9 Giiutlier. P.

1 The subgenus Pareques and its typical species Scicena acuminata should be trans-

ferred to the genus Eques.

- Larimv8 breviceps Cuv. & Val., V, 14(3; Giiutlier, I, 2C>8. Both coasts of Tropical

America, north to Mazatlan.

micropogon ectenes Jordan & Gilbert, Proe. II. S. Nat. Mus., 1881, 355; 1882, 282.

Mazatlan.
4 Umbrina xanti Gill, Proc. Ac. Nat. Sci. Phila., 18G2, 257= Umbrina analis Gttnther,

Fish. Centr. Anier., 1869, 426. For diagnosis, sec Jordan & Gilbert, Proc. (J. S. Nat.

Mus.. 1882,364.
5 Umbrina dorsalis Gill, 1. c. 1862, 257. See Jordan & Gilbert, 1. c. 304.

b Umbrina elongata Giinther, Proc. Zool. Soc. London, 1864, 148. For diagnosis see

Jordan & Gilbert, I. c. 284. Mazatlan to Panama.

'The name Johnius saxatilis (Bloch & Schneider, Syst. Ichth., 1801, 75, based on a

specimen from New York, now in the museum at Berlin) bas priority for the species

Called in the Synopsis, Menticirrus ncbuloSUS.

"Umbrina panamensis Steindachner, Ichth. Bail i\, IV, 9, 1875. Mazatlan to Panama.

Sec Jordan & Gilbert, 1. c. 284.

9 Umbrina nasus Giinther, Fish. Centr. Amer., 1869,436. Mazatlan to Panama. See

Jordan & Gilbert, 1. c. 284.
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352.—CYNOSCION Gill. (303, 304)

§Airactoscion Gill.

1112. Cynoscion nobile Ayres. C. (,912)

^Cynoscion.

1113. Cynoscion regale Blocb. & Schneider. N. S. (915)

1114. Cynoscion thalassinum Holbrook. S. (916)

1115. Cynoscion nothum Holbrook. S. (914)

1116. Cynoscion othonopterum ' Jordan & Gilbert. P.

1117. Cynoscion parvipinne Ayres. C. P. (913)

1118. Cynoscion xanthulum 3 Jordan & Gilbert. P.

1119. Cynoscion reticulaturn 3 Giiutber. P.

1120. Cynoscion maculatum Mitcbill. S. (917)

353.—SERIPHUS Ayres. (305)

1121. Seriphus politus Ayres. C. (918)

Family CX.—GEREID^E. (92)

354.—GERRES Cuvier. (30G)

§ Gerres.

1122. Gerres plumieri Cuv. & Val. W. (919)

1123. Gerres lineatus 4 Humboldt. P.

1124. Gerres olisthostoma Goode & Bean. S. W. (919 6.)

1125. Gerres peruvianus 5 Cuv. & Val. P.

§ Diapterus Ranzani.
,

1126. Gerres cinereus Walbaum. PW. (9216.)

1127. Gerres californiensis Gill. P.

1128. Gerres gula° Cuv. & Val. S. W. (920,921)

1129. Gerres gracilis 7 Gill. P. W. S. (922)

1130. Gerres jonesi Gunther. W.
1131. Gerres lefroyi 8 Goode. W. »

l Cynoscion othonopterum Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 274. Gulf

of California.

^Cynoscion xanthulum Jordan & Gilbert, Proc. U. S. Nat. Mus.. 1881, 460. Mazatlan.
3 Otolithus reticulatus Giintber, Proc. Zool. Soc. London, 1864, 149. Mazatlan to

Panama. For diagnosis of tbis and other species of Cynoscion see Jordan & Gilbert,

Bull. U. S. Fish Comm., 1881, 319.

4 For synonymy and description of Gerres lineatus, see Jordan & Gilbert, Proc. U. S.

Mus., 1881, 330. Mazatlan to Panama.
5 For synonymy and diagnosis of Gerres peruvianus, see Jordan & Gilbert, Bull. U. S.

Fish Comm., 1881,330. Mazatlan to Peru. For a detailed account of American spe-

cies of Gerres, see Evermann & Meek, Proc. Ac. Nat. Sci. Phila. , 1883, 116.

H Gerres homouymus seems to ine indistinguishable from Gerres gula.

7 Diapterus gracilis Gill. Proc. Ac. Nat. Sci. Phila., 1882, 24G— Diapterus harengulus

Goode & Bean. Abundant on both coasts of Tropical America.

To its synonymy add:

(Diapterus gracilis Gill, Proc. Ac. Nat. Sci. Phila, 1862, 246; Eucinostomus pseudogula

Poey, Enum. Pise. Cubens., 124, 1875 ; Jordan & Gilbert, Bull. U. S. Fish Comm., 1881,

329; Evermann & Meek, Proc. Ac. Nat. Sci. Phila., 188^, 118. Gerres aprion Guntber,

IV, 255, 1862, not of C. & V.

)

8 Gerres lefroyi Goode. Bluish above the back, rather darker than in related spe-

cies, with oblique dusky cross shades; faint dusky streaks along sides; lower parts
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Family CXI.—EMBIOTOCIDiB. (93)

355.—HYSTEROCARPUS Gibbons. (307)

1132. Hysterocarpus traski Gibbons. T. (923)

356.—ABBONA Girard. (308)

1133. Abeona minima Gibbons. C. (924)

1134. Abeona aurora Jordan & Gilbert. C. (925)

357.—BRACHYISTIUS Gill. (308 6.)

1135. Brachyistius frenatus Gill. C. (920)

1136. Brachyistius rosaceus Jordan & Gilbert. C. (927)

358.—MICROMETRUS Gibbons. (309)

1137. Micrometrus aggregatus Gibbons. C. (928)

359.—HOLCONOTUS Agassiz. (310) .

§ Hypocriticliihys Gill.

1138. Holconotus analis Ales. Agassiz. C. (929)

$ Hyperprosopon Gibbons.

1139. Holconotus argenteus Gibbons. C. (930)

1140. Holconotus agassizii Gill. C. (931)

§ Holconotus.

1141. Holconotus rhodoterus Agassiz. C. (933)

360.—AMPHISTICHUS Agassiz. (310 6.)

1142. Amphistichus argenteus Agassiz. C. (933)

361.—HYPSURUS Ales. Agassiz. (311)

1143. Hypsurus caryi Agassiz. C. (934)

362.—DITREMA Scblegel. (312)

§ Tceniotoca Ales. Agassiz.

1144. Ditrema laterale Agassiz. C. (935)

brigbtly silvery; tip of spinous dorsal usually black, other fins pale ; slenderer than

any other of the American species; the snout rather sharp ; the outlines of the body

notangular ; eye rather large, 3 in head, nearly equal to the llattish interorbital space
;

premasillary groove linear, naked, formed as in G. gracilis; fins low; the lougest

dorsal spines, 2 in head ; anal spines short
;
pectoral short, 1£ in head ; head, 3J ; depth,

3|; D, IX, 10; A, II, 8; scales, 4—45—10 ; L.,4 inches. West Indies, north to Cedar

Key, Florida. Well distinguished from all related species by the presence of but two

anal spines. The only other species with two anal spines is G. rhombeus C. & V., an

ally of G. olisthostoma.

(THapferus lefroyi Goode, Am. Journ. Sci. Arts, 1874, 123 ; Eucinostomm lefroyi Goode,

Bull. U. S. Nat. Mus.V., 1876, 39 ; Eucinostomn* produclus Poey, Ann. Lye. N. Y., XI, 59,

187G ; Evermann & Meek, Proc. Ac. Nat. Sci. l'hila., 1883, 118.)
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$ Embiotoca Agassiz.

1145. Ditrerna jacksoni Agassiz. C. (936)

§ I'hanerodon Girard.

1146. Ditrema atripes Jordan & Gilbert. C. (937)

1147. Ditrema furcatum Girard. C. (938)

363.—RHACOCHILUS Agassiz. (313)

1148. Rhacochilus toxotes Agassiz. C. (939)

364.—DAMALICHTHYS Girard. (314)

1149. Damalichthys argyrosomus Girard. C. (940)

Family CXIL—LABEID^. (94)

365.- CTENOLABRUS Cuv. & Val. (315)

§Tautogolabrus Giiuther.

1150. Ctenolabrus adspersus Walbaum. N. (941)

366.—HIATULA Lacepede. (316)

1151. Hiatula onitis Linnaeus. N. (918)

367.—LACHNOLiEMUS Cuv. & Val. (317)

1152. Lachnolaemus maxinius 1 Walbaum. W. (943)

368.—BODIANUS - Bloch. (318)

1153. Bodianus rufus Linnsous. W. (944)

1154. Bodianus diplotcenia' Gill. P.

1155. Bodianus pectoralis4 Gill. F.

1 The species commonly known as Laclinolwmus falcatus must stand as LachnolcBmus

maximus Walbaum.
The Labrusfalcatus of Linnaeus is certainly not this species as supposed by Valen-

ciennes, but is probably some species of Trachynotus. The oldest name, certainly,

belonging to the Lachnolmmus is that of Ldbrus maximus Walbaum, Artedi Piscium,

1792, 261 = {Laclinolwmus suillus Cuvier, Eigne Animal, Ed. II, 1829, 257, both names
based on Suillus, the hog-fish of Catesby.)

-The genus called in the text Harpe must probably stand as

Bodianus Bloch.

(Bloch, Ichthyologia, about 1780; type Bodianus bodianus Bloch= Ldbrus rufus L.)

The genus Bodianus Bloch is a medley of unrelated fishes. The group was, however,
based especially on Bodianus bodianus Bloch, from the Portuguese name, of which
(Bodiavo or Pudiano) the name Bodianus was derived.

'Harpe diplotwnia Gill, Proc. Ac. Nat. Sci. Phila., 1862, 140; Jordan & Gilbert,

Proc. U. S. Nat. Mus., 1882, 367. Cape San Lucas.
4 Harpe pectoralis Gill, 1. e. 141. Gulf of California southward. This is probably

the male of Bodianus diplotainia,



886 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [98]

369.—DECODON ' Gunrher.

1156. Decodon puellaris Poey. W.

370.—TROCHOCOPUS Gttnther. (3186.)

§ Pimelometopon Gill.

1157. Trochocopus pulcher Ayres. C. (945)

371.—PLATYGLOSSUS Blocker. (319)

1158. Platyglossus radiatus 2 Linnaus. W. (94G)

1159. Platyglossus bivittatus 3 Blocli. S. W. (947 ; 948)

1160. Platyglossus caudalis Poey. W. (948 b.)

1 Decodon GiiDther.

(Giiutber, Cat. Fish. Brit. Mus., IV, 101, 1862; type Cossyplius puellaris Poey.)

Body moderately compressed, oblong, covered with large scales; bead oblong;

cheeks, opercles, and lower limb or preopercle scaly, the posterior limb being naked
;

base of dorsal and anal not scaly; lateral line continuous^ Teeth essentially as in

Harpe, those of the jaws in a single series; four canines in the front of eacb jaw; a

posterior canine on each premaxillary. Dorsal with eleven spines; anal with three.

A single species, intermediate between Bodianus and Trochocopus, having the large

scales of the former and the naked tins of the latter. Apparently the genera in this

group have been too much subdivided. (AsxaS, ten ; oSov?, tooth; there being ten

canines.)

Decodon puellaris.

Rose-colored, with three large red blotches ; head with several pearl-colored streaks

(yellow in life) ; a transverse one between the nostrils; two oblique ones running

from orbit towards subopercle, and a broad one from angle of mouth to angle of

preopercle. Some yellow spots on sides of head. Each scale on sides with a yellow

spot on its edge. Fins mostly red, the soft dorsal and anal with four rounded yellow

spots; several spots on spinous dorsal and caudal (Poey). Eye rather large, as wide

as interorbital space, shorter than snout. Maxillary reaching a little beyond eye.

Edge of preopercle minutely denticulated, the angle rounded, projecting somewhat

beyond the posterior edge ; opercle with a membranaceous flap. Ventrals not reach-

ing vent; caudal emarginate. Head 4 in total length; depth 4 1. D. XI, 10; A. Ill,

10. Scales 2-J-30-8. L. 10 inches. West Iudies, north to Pensacola.

(Cossyplius puellaris Poey, Memorias Cuba, 18G0, II, '210; Giiuthcr, IV, 101. Jor-

dau, Proc. U. S. Nat. Mus., 1884.)

- Platyglossus radiaius. Pudding-wife; Doncella; Blue-fish.

This species (Platyglossus radiatus of the text; and eyanosiigma of the addenda) is

the original Labrus radiatus L., Syst. Nat., Ed. X, 288, 1758, based on Turdus oeulo radi-

ato, the Pudding-wife, of Catesby. It reaches a much larger size than our other

species. The ground color in the males is blue, in the females chiefly of a bronze-

olive. Both are most brilliantly colored. Lower pharyngeals "r*8naPed> but little

broader than long.

3 Platyglossus bivittatus. Slippery Dick.

This is the Sparus radial us of Linnaeus, Syst. Nat., Ed. XII, 472, 17<>(*>, based on a spec-

imen sent from Charleston by Dr. Garden. It varies considerably with age and sur-

roundings. The names grandisquamis, humeralis, and florealis represent different stages

of growth. Lower pharyngeal "f"_sh.apedj more than twice as broad as long.
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1161. Platyglossus maculipimia l Miiller & Troschel. W.
1162. Platyglossus semicinctus Ayres. C. (949)

1163. Platyglossus dispilus 3 Gunther. P.

372.—PSEUDOJULIS Blcekor. (320)

^Pseudojulis.

1164. Pseudojulis notospilus :s Giinther. P.

§ Oxyjulis. Gill.

1165. Pseudojulis inodestus Guard. C. (950)

373.—THALASSOMA4 Swainson.

1166. Thalassoma lucasanum Gill. P.

374.—DORATONOTUS 5 Giinther.

1167. Doratonotus thalassinus Jordan &, Gilbert. W.

1 Platyglossus maculipinna Miiller & Troschel.

Dorsal fin with a black (blue) spot between the fifth and seventh spines and with
a band along the middle of the soft portion ; a small black spot posteriorly in the

axil of the dorsal ; a broad dark band runs from the head to the caudal fin, below the

lateral line; sometimes a dark spot below the band on the middle of the body ; a blue

baud from the snout through the eye to the operculum, and another above it from

the snout to the eye ; both bands are united, forming a V- Three bluish bands across

the nape and three white ones on the cheek. Base of the pectoral with a small black
spot. Caudal rounded. D. IX, 11 ; A. Ill, 11. Scales 2-28-9

( Giinther), West Indies

;

a young specimen taken by us at Beaufort, N. C, in 1877.

(Julis maculipinna Miiller & Troschel, Hist. Barbadoes, 674;. Giinther, IV, 165.

" I'ltsa"? radiata Jor. & Gill., Proc. U. S. Nat. Mus. 1878, 374.)

2 1'lalygloss us dispilus Gunther, Proc. Zool. Soc. London, 1864, 25, and Fish. Centr.

Amer., 1869, 447. Mazatlan to Panama.
;1 Pseudojulis notospilus Gunther 11. cc. 26, 447. Mazatlan to Panama.

••Thalassoma Swainson.

(Julis Giinther, not of Cuvier, whose type Ldbrus julis L. is a species of Coris ; not

of Swainson, who also restricted Julis to the species of Coris.)

(Swainson, Classn. Anim. II, 1839, 224; type Julis purpureas Riippell.)

This genus differs from Platyglossus in the possession of but eight spines in the dor-

sal, and in having no posterior canino tooth. The numerous species are gaily colored,

like those of Platyglossus. They are found chiefly in the Western Pacific. ( Oahiaoa,

the sea; crw/w, body, from the sea-green color of T. purpureum.)

Tlialassoma h/casanum = Julis lucasana Gill., Proc. Ac. Nat. Sci. Phila., 1862,142;

Julis lucasana Giinther, IV, 184. Gulf of California.

5 Doratonotus Gunther.

(Giinther, Cat. Fishes Brit. Mus. IV, 124, 1862; type Doratonotus megalepis Gunther.)

Body compressed ; head not compressed to an edge anteriorly ; its profile in front

straight or concave
;
preorbital not very deep ; mouth rather wide ; teeth in a single

series, two large canines in front in each jaw; a posterior canine; cheeks and oper-

cles scaly
;
gill membranes united, free from the isthmus; scales large; lateral line

interrupted behind, beginning again lower down ; dorsal fin with nine strong pun-

gent spines; some of the anterior elevated, the median spines short, so that the out-

line of the fin is concave ; caudal rounded. Colors brilliant. Size small. Two spe-

cies, each known from a single specimen. (Aopv (Sopazoi), spear; vobzoi, back.)

Doratonotus thalassinus Jordan & Gilbert, Proc, U. S. Nat. Mus., 1884, 28. Key West.
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375.—XYRICHTHYS Cuvier. (321)

§ Xyrichthys.

1168. Xyrichthys psittacus > L. S.W. (951)

1169. Xyrichthys mundiceps 2 Gill. P.

§ Iniislius Gill.

1170. Xyrichthys mundicorpus :; Gill. P.

§ Dimalacocenirus Gill.

1171. Xyrichthys rosipes 1 Jordan & Gilbert. W.

376.—CRYPTOTOMUS 5 Cope. (322)

1172. Cryptotomus ustus Cuv. & Val. W. (953)

1173. Cryptotomus beryllinus 6 Jordan & Swain. W.

377.—SPARISOMA' Swainson.

1174. Sparisoma radians Cuv. & Val. \V. (
(J54 d.)

1 Coryphcena psittacus L.. Syst. Nat., XII, 448, 1766=Coryphwna lineaia Gmelin— Xy-

richthys vermiculatus Poey. The type of Coryphcena psittacus was sent from Charleston

by Dr. Garden, aud it has been identified as a Xyrichthys by Dr. Bean, who bas exam-
ined it in London. Possibly another species of this type (Xyrichthys venustus Poey=
X. lineatus C. & V.) occurs with tbe preceding on our coasts.

3 Xyrichthys mundiceps Gill, Proc. Ac. Nat. Sci. Phila., 18G2, 143; Jordan & Gilbert,

Proc. U. S. Nat. Mns., 1882, 367. Cape San Lucas.
3Inii8tiw mundicorpus Gill, I.e., 1862, 145; Novacula mundicorpus Jordan & Gilbert,

I.e., 367. Cape San Lucas. Tbe subgenus, Iniistius (Gill, Proc. Ac. Nat. Sci. Phila.,

1862, 145; type Xyrichthys pavo Cuv. & Val.) is distinguished from Xyrichthys by the

prolongation and separation from the tin of the first two dorsal spines.

'Xyrichthys rosipes Jordan & Gilbert, Proc. U. S. Nat. Mas., 1884, 27. Key West.

The subgenus Dimalococcntrus Gill (Proc. Ac. Nat. Sci. Phila., 1863, 223; type Xova-

culichthys callosoina Bleeker), is distinguished from Xyrichthys by the rounded (uot

trenchant) anterior edge of the bead, and by the partial separation of the first two
dorsal spiues from the rest of the iiu.

6 Cryptotomus Cope (Trans. Am. Phil. Soc., 1871, 462; type Or. roseus Copc) = Colli-

odoti Cuv. ; not of Bloch &, Schneider, which is Scarus Forskal. For a detailed ac-

count of onr genera and species of Scaroid fishes, see Jordan & Swain, Proc. U. S. Nat.

Mus., 1884, 81.

6 Cryptotomus beryllinus Jordan A:- Swain. Tree. U. S. Nat. Mas., 1884, 101. Key
West and Havana.

7 Scarus Forskal.

The two groups Scorns (—Jfcmistoma Swainson, and Pscudoscarus Bleeker) and
Sjmrisoma (= Scarus Bleeker) are really very distinct genera, each represented by

several species among the Florida Keys. They may be thus defined:

Scauus Forskal.

( Calliodon Gronow ; Hemistoma Swainson; Pseudoscarus Bleeker.)

(Forskal, Doscr. Auim. Oriontali Observ., 1775, 25; type Scarus psittacus Forskal,

&c.)

Lower pharyngeal spoon-shaped, much longer than broad, transversely concave
;

teeth fully coalesced, divided in each jaw by a, distinct median suture; skull broad
abovo

;
gill membranes forming a fold across tbe narrow isthmus; tlorsal spines flex-
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1175. Sparisoma xystrodon 1 Jordan &, Swain. W.
1176. Sparisoma cyanolene- Jordan & Swain, W.
1177. Sparisoma flavescens :i Blocb & Schneider. W. (954 c.)

373.—SCARUS Forskal. (323)

1173. Scarus croicensis Bloch. W. (054 b.)

1179. Scarus coeruleus 4 Blpcb W.
1180. Scarus guacamaia Cuvicr. W. (954)

1181. Scarus perrico B Jordan & Gilbert. P.

Family OXIIL—CICBLIDJ3. (95)

379.—HBROS Meckel. (324)

1182. Heros cyanoguttatus Baird & Girard. Vsw. (955)

1183. Heros pavonaceus Carman. Vsw. (955 b.)

Family CX1V.—POMACENTEIIXF. (96)

380.-POMACBNTRUS Lacepede.

§ Pomacentrus.

1184. Pomacentrus obscui atus ,; Poey. W.
1185. Pomacentrus leucostictus Miiller & Troscbel. W. (950)

1186. Pomacentrus caudalis 7 Poey. W.

ible, lateral line interrupted, its pores nearly simple; scales about bead compara-

tively numerous, lower jaw iucluded ; upper pharyngeal teeth in two rows. Species

mostly of large size, brigbtly colored; sexes similar.

Sparisoma Swainson.

(Scarus Bleeker.)

(Swainson, Nat. Mist. Class'n Fishes, &c.. 1839, II, 227; typo Sparus abildgaardii

Blocb.)

Lower pharyngeal much broader than long, its surface slightly concave ; teeth less

perfectly coaiescent than in Scarus ; the median suture not very distinct ; skull nar-

row
;

gill membranes broadly united to the isthmus; dorsal spines pungent ; lateral

line continuous, its pores very much branched; scales about head few and large,

(hose on cheeks in one row ; lower jaw projecting; upper pharyngeal teeth in three

rows. Species mostly of small size. (<S/;«r«s; dooju a, body.)
1 Sparisoma xysirodon Jordan & Swain, 1. c. 99. Havana and Key West.
- Sparisoma cyanolene Jordan &, Swain, 1. c. 98. Key West.
3 For synonymy and description of Sparisoma jlavescens (Scarus squaUdus Poey), see

Jordan & Swain, 1. c. 92. Key West, southward.

••For synonymy and description of Scarus cwrulcus, see Jordan & Swain, 1. c. 85.

5 Scarus perrico Jordan & Gilbert, Proc. U. S. Nat. Mas., 1881, 357. Mazatlan to

Panama.
6 Pomacentrus obscuratus Poey, Euumeratio Piscium Cubensium, 1875, 101; Jordan,

Proc. U. S. Nat, Mas., 1884, 133. Key West to Cuba.
' Pomacentrus caudalis Poey, Synopsis Piscium Cubensium, 328, 1808.

Upper parts dusky, the greater part of each scale light grayish blue ; lower parts

bright yellow, with some bine spots on the scales; top and sides of head similarly

marked with bluish spots on the scales. A jet-black, ink-like .spot ocellated with blue

on the back of the tail. Dorsal tin colored like the back; the posterior rays abruptly

yellow; caudal tin bright yellow; lower tins chiefly yellow. Form oblong, ovate;

the anterior profile moderately convex. Preorbital and preoperclc well serrated.

Teeth moderate, entire, Soft parts of dorsal and anal rather high. Head 3^; depth

2£. D. XII,14; A. II, 13. Scales 4-29-9. Cuba; lately obtained at Pensacola, by Silas

Stearns.
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1187. Pomacentrus rectifrasnum ] Gill. P.

1188. Pomacentrus fiavilatus- Gill. P.

§ Bypsypops Gill.

1189. Pomacentrus quadrigutta 3 Gill. P.

1190. Pomacentrus rubicundus 4 Girard. C. (957)

381.—GLYPHIDODON Lacepede. (325 b.)

1191. Glyphidodou declivifrons Gill. W. P. (958)

1192. Glyphidodon saxatilis Linnaeus. W. (959)

1192b. Glyphidodon saxaiUis troxchdi 5 Gill. P.

382.—CHROMIS Cuvier. (326)

1193. Chromis punctipinnis Cooper. C. (9G0)

1194. Chromis atrilobatus e; Gill. P.

1195. Chromis insolatus Cuv. & Val. W. (961)

1196. Chromis enchrysurus Jordan & Gilbert. W. (9(11/).)

Family CXV.—EPHIPPIDiE. (97)

383.—CHiETODIPTERUS Lacepede. (327)

1197. Chaetodipterus faber Broussonet, N. S. W. (962)

1198. Chaetodipterus zonatus 7 Girard. P.

Family CXVL—UHiETODONTIMS. (08)

384.—CH23TODON Linnaeus. (328)

1199. Chastodon maculocinctus Gill. (Aec.) (9(53)

1200. Chaetodon ocellatus 8 Bloch. W. (963 6.)

1201. Chaetodon capistratus Linnaeus. Yv
r

. (963 v.)

1202. Chaetodon humeralis 9 Giinther. P.

1203. Chaetodon nigrirostris 10 Gill. P.

1 romacentrus rectifrcenum GilLProc. Ac. Nat.Sci., Phila. 18(52, 148; 1863, 244= Po-

macentru8 analigutta Gill, in Giinther, IV, 27. Gulf of California to Panama.
* Pomacentrus flavilatus Gill, Proc. Ac Nat, Sci. Pliila., 1862, 148; 18G3, 214= A?ma-

toprion bairdi Grill, 1. c., 1863, 217. Cape Sau Lucas. See Jordan & Gilbert, Proc. U.

S. Nat, Mas:, 1882, 365.

:! Hypsypops dorsalis Gill, Proc. Ac. Nat. Sci. Pliila. 1862, 147= Pomacentrus quadri-

gutta Gill, Proc. Ac. Nat. Sci. Pliila., 1862, 149; the name dorsalis is preoccupied in

Pomacentrus. Cape San Lucas.
4 For description of the young of Pomacentrus rubicundus, see Rosa Smith, Proc. U. S.

Nat.Mus., 1882,652.
6Glyphidodon troscheli Gill, Proc. Ac. Nat, Sci. Pliila,, 1862, 150. Cape San Lucas to

Panama; perhaps not at all different from G. saxatilis.

6 Chromis atrilobatus Gill, Proc. Ac. Nat. Sci. Pliila,, 1862, 149. Cape San Lucas to

Panama,
7Ephippus sonatus Girard, U. S. Pac, R. R. Ex pi., 1858, 110. San Diego to Panama.

Pacific coast specimens of Chmtodipterus differ from the ordinary ('. faber in the less

development of the (bird dorsal spine, which is little longer or higher than the others.

The dark bands are usually more obscure in C. zonatus. In other respects the two
forms agree very closely.

*Cha;todon ocdlatns Bloch, Ichth. tab. 211 = Chaetodon bimaculatus Bloch, iab. 219.

Sec l'oey, Enum. Pise. Cubens., 1875,02.

^Chaitodon hunuralis Giinther, II, 19, 1860. Mazatlan to Panama.
mSarotkrodus nigrirostris Gill, Proc. Ac. Nat. Sci. Pliila., 1862, 243. Capo San Lucas.



[103] CATALOGUE OF THE FISHES OF NORTH AMERICA. 891

385.—HOLACANTHUS Lacepede.

1204. Holacanthus strigatus 1 Gill. P.

1205. Holacanthus ciliaris Linnaeus. W. (0(54)

386.-POMACANTHUS Lacepede. (329)

§ Pomacanthodes Gill.

1206. Poniacanthus zonipectus 2 Gill. P.

$ Pomacanthns.

1207. Poniacanthus aureus 3 Blocb. W.

Family CXVIL—ACANTHUBIM5. (90)

387.—TEUTHIS 4 Linnaeus. (330)

1208. Teuthis hepatus Linnaeus. S. W. (966)

1209. Teuthis tractus Poey. W. P. (966 c.)

1210. Teuthis cceruleus Bloch. W. (967)

388.—PRIONURUS 5 Lacepede.

1211. Prionurus punctatus Gill. P.

1 Holacanthus strigatus Gill, Proc. Ac. Nat. Sci. Phila., 1862, 243. Cape San Lucas

to Panama. Holacanthus tricolor (Synopsis, p. 941) should bo omitted. It has not yet

been taken at the Florida Keys, although doubtless occurring there.

2 Pomacanthodes zonipectus Gill, Proc. Ac. Nat. Sci. Phila., 1862, 244 (adult) = Ponia-

canthus crescenlalis Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 358 (Young).

Gulf of California to Panama.
;i Poniacanthus aureus (Bloch), Black Angel, Chirivita. The description of Pomacan-

thns arcualus, on page 616 of the Synopsis, was taken from a specimen of this species,

with the exception of the following phrases, which should be suppressed :" Young
with yellowish vertical bands"; the bands in the young of P. aureus are whitish. "Lat.

1. 80-100 "; this should read, " lat. 1. 65." The additional characters given on page 973

are taken from the true P. arcuatus, and should be suppressed, as should also the syn-

onymy on page 616. The true arcuatus is a West Iudian species, not yet known from

our coast ; it is darker and more uniform in color than P. aureus, the cross-bands in the

young are better defined and are yellow ; the scales are smaller (lat. 1. 85 to 90) ; and

the dorsal spines are almost invariably 10 instead of 9. P. aureus is common in the

West Indies and north to the Florida keys.

(Chatodon aureus Bloch, Ichthyol. ; tab. 193, f. 1.; Cuvior & Val., VII, 202, 1831;

Pomacanthus balteatus and arcuatus Cuv. & Val., VII. 208,211 ; Chcetodon aureus Poey,

Syn. Pise, Cubens., 1875, 60; Chatodon aureus Bleeker, Archives Neerlandaises, I*,

1876, 183 ; Liitken, Spolia Atlantica, 1880, 571.)

4 The genus Teuthis of Linnaeus, Systema Natura?, is based on Teuthis hepatus L. This

species, founded on Hepatus of Gronow, is the common species known as Acanthurus

chirurgus, with which A. phlebolomus Cuv. & Val. (nigricans of the Synopsis) seems to

be identical. The generic name Acanthurus must give place to Teuthis, and this species

should stand as Teuthis hepatus. See Gill, Proc. Ac. Nat. Mus., 1884, 275, and Meek and

Hoffman, Proc. Ac. Nat. Sci. Phila., 1884. In the latter paper is given a detailed

account of the three American species of Teuthis.

5 Prionurus Lacepede.

(Lac6pede, Annales Museum, Paris, IV, 205; type Prionurus microlcpidotus Lac.)

This geuus differs from Teuthis chieiiy in the armature of the tail, which consists

of a series of 3 to 6 bony keeled laruime on each side. Size small. Species not very

numerous, in the tropical seas. (TIpioov, saw ; bvpa, tail.)

Prionurus punctatus Gill, Proc. Ac. Nat. Sci. Phila., 1862, 242. Cape San Lucas.
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Family CXVIIL—TEACHYPTEEIDiE. (100)

389.—TRACHYPTERUS Gouan. (331)

1212. Trachypterus altivelis Knev. B. C. (968)

Family OX1X.—BATHYMASTERID^E. 1

390.-BATHYMASTER Cope. (334)

1213. Bathymaster signatus Cope. A. (971)

Family CXX.—MALACANTHIDiE. (102)

391.—LOPHOLATILUS Goode & Bean. (335)

1214. Lopliolatilus chamaeleonticeps Goode & Beau. B. (972)

392.-CAULOLATILUS Gill. (336)

1215. Caulolatilus princeps Jeuyns. C.P. (973")

1216. Caulolatilus microps 2 Goode & Bean. W. (974)

Family OXXL—GOBIIDJ3. (104)

393.—GOBIOMORUS Lacepedo. (339)

1217. Gobiomorus dormitator Lacdpedo. W. Vsw. (978)

1218. Gobiomoxus lateralis Gill. 3 P.

394.—EROTELIS Poey.

1219. Erotelis smaragdus 4 Cuv. & Val. W.

1 1 have Iiere dismembered the unnatural group of Icosteidce as given in the Synop-
sis, referring Icasteus and leichthys, in accordance with the views of Dr. Steindachner

(Ichth. Beitr.,XI, 4, 1881, and XII, 22, 1882), to the Scombroid series, iu the neighbor-

bood of the Bramidw. Steindachner considers Schedophilus the nearest ally of Icosteus

(= SchedopMlopais spinosus Steindachner 1. c), and this may bo correct.

The genus Bathymaster is perhaps the type of a separate family, allied to Halacan-
tlms, Laiilus, &c, or perhaps to Opisthognathus. For the present, I unite the Latilidce

with the Malacanthidee, leaving Bathymaster in a group by itself. This arrangement
is, however, merely provisional, until the anatomy of the different forms is made
known.

- Caulolatilus microps Goode & Bean.

The identity of our Atlantic species of Caulolatilus with either the Cuban cyanops

or the Brazilian chrysops is as yet unproven, though not improbable. The scales in

our species are smaller than they are said to be in the others. There is little differ-

ence between C. microps and C. princeps except in color. The scales of the body have
each a small brownish spot at base in C. microps.

zPhilypnus lateralis Gill, Proc. Ac.Nat.Sci.Phila.,1860, L23; Jordan & Gilbert, Proc.

U.S.Nat.Mus., 1882, 380. Streams of Northwestern Mexico.
4 Eleoiris smaragdus Cuv. & Val. Esmeralda negra.

Dusky olive, the lins mostly bluish, the dorsal with brown lines; some dark mark-
ings about eye, and on base of pectoral above. Body very long and slender, com-
pressed behind, the form mnch as in Gobionellus oceanicits. Head depressed, flattish

above, the eyes mostly superior, not, half the width of the inlerorbital area, which
has a knob near its middle. Mouth very oblique, the lower jaw much projecting,
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395.—ELEOTRIS (Gronow) Bloch & Schneider. (340, 341 b.)

1220. Eleotris pisonis Gmelin. W. (081)

1221. Eleotris amblyopsis Cope. S.W. (9815.)

1222. Eleotris asquidens 1 Jordan & Gilbert. P.

• 396.—DORMITATOR Gill. (341)

1223. Dormitator maculatus Blocli. W. (980,981)

1224. Dormitator latifrons 2 Richardson. P.

397.—GOBIUS Linnaeus,

§ Euclenogobiua Gill.

1225. Gobius lyricus Girard. S. {9S?y)

1226. Gobius encaeomtts Jordan & Gilbert. S. (983 ft.)

§ Rhinogobius Gill.

1227. Gobius banana- Cnv. & Val. P. W.

§ Gobius.

1228. Gobius soporator Cuv. & Val. S. W. P. (984,982, 985)

§ Coryphopterus Gill.

1229. Gobius sagittula* Gunther. P.

1230. Gobius boleosoma Jordan & Gilbert. S. (987 b.)

1231. Gobius stigmaturus Goode & Bean. S. (987 c.)
-

1232. Gobius wurdemanni 5 Girard. S. (987)

1233. Gobius nicholsi Bean. A. (987 d.)

1234. Gobius glaucofraenum Gill. A. (988)

the maxillary about reaching front of eyes ; teeth rather small, in bands. Fins rather

high; dorsal spines slender, lower than the highest soft rays, which are \\ in bead.

Caudal lanceolate, \ longer than head. Ventrals moderate, 2 in head. Scales very

small cycloid. Head 5i ; depth 10 to 12 D. VI-T, 10. A, I, 9. Lat. 1. about 100. L.

8 inches. West Indies, north to Key West, not ascending the fresh waters.

(Cnv. & Val., XII, 231, 1837; Erotelis valencienwest Poey, Mem. Cuba, II, 273, 18G0.

G iinth or, III, 123.)

This species is the type of Poey's genus Erotelis (name an anagram of Eleotris),

distinguished from Eleotris by the very slender form, similar to that of GobioneUus.
1 Culius cequidens Jordan & Gilbert, Proc. U. S. Nat. Mus., 18(51, 4(51. Fresh waters

of Western Mexico and Lower California.

2 Eleotris latifrons Richardson, Voyage Sulphur, Fishes, 57= Dormitator microph-

ihalmus Gill. Streams of the Pacific coast, north to Lower California. There are

some tangible differences between the specimens of Dormitator found on the west

coast of Mexico and that found in the Atlantic waters. For an excellent account of

the genera and species of Eleotridince, see Eigenman and Fordise, Proc. Ac. Nat. Sci.

Phila., 1885.

a Gobius banana Cuv. & Val., XII, 103; Gunther, III, 59; Jordan & Gilbert, Proc.

U. S. Nat. Mus., 1882, 379. Tropical America, north to Lower California, in fresh

water.
4 Euctenogobius sagittula Gunther, III, 555. Gobius sagittula Jordan & Gilbert, Proc.

U. S. Nat. Mus., 1882, 380. Lower California to Panama.
6 For description of Gobius wiirdemanni see Jordan, Proc. II. S. Nat. Mus., 1884, 321.
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398.—GOBIONELLUS Girard. (345) .

1235. Gobionellus oceanicus Pallas. S.W. (989)

1236. Gobionellus stigmaticus Poey. W. (989 6.)

399.—GILLICHTHYS Cooper. (340)

1237. Gillichthys mirabilis Cooper. C. (990) •

400.—LEPIDOGOBIUS Gill. (347)

§ Lepidogobius Gill.

1238. Lepidogobius lepidus Girard. C. (991)

§ Eucyclogobius Gill.

1239. Lepidogobius newberryi Girard. C. (992)

1240. Lepidogobius gulosus Girard. S. (9926; 98G)

1241. Lepidogobius thalassinus Jordan & Gilbert. S. (992 6.)

401.—GOBIOSOMA 1 Girard. (348)

1242. Gobiosoma ceuthcecum Jordan &. Gilbert. "YV.

1243. Gobiosoma bosci Lacepede. N. S. (993; 994)

1244. Gobiosoma histrio2 Jordan. P.

1245. Gobiosoma zosterurum3 Jordan and Gilbert. P.

1246. Gobiosoma longipinne 4 Steindaclmer. P.

1247. Gobiosoma ios Jordan & Gilbert. C. (9946.)

402.—TYPHLOGOBIUS Steindaclmer. (349)

1248. Typhlogobius californiensis Steindaclmer. C. (99.">)

403.—TYNTLASTES Giintlier. (350)

1249. Tyntlastes sagitta Giintlier. P. (99G)

404.—IOGLOSSUS Bean. (3506.)

1250. Ioglossus calliurus Bean. S. (99G6.)

Family CXXIL—CHIRID2E. (105)

405.—PLEUROGRAMMUS Gill. (351 a.)

1251. Pleurogrammus monopterygius Pallas. A. (997)

406.—HEXAGRAMMUS Steller. (3516.)

1252. Hexagrammus ordiiiatus Cope. A. (998.)

1253. Hexagrammus asper Steller. A. (999)

1 Gobiosoma eeuthwcum Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 29. Key West;

found in the cavity of a sponge.
2 Gobiosoma histrio Jordan, Proc. U. S. Nat. Mus., 1884, 2C0. Guaynias.
3 Gobiosoma zosterurum Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 361. Mazat-

liiu.

4 Gobiosoma longipinne Steindacbner, Ichth. Beitr., VIII, 1879, 24. Las Auiinas,

Gull" of California.
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1254. Hexagrammus scaber Bean. A. (999 b.)

1255. Hexagrammas superciliosus Pallas. A. C. (1000)

1256. Hexagrammus decagrammus Pallas. A. C. (1001)

407.—OPHIODON (i Irani. (352)

1257. Ophiodon elongatus Girard. C. A. (1002)

403.—ZANIOLEPIS Girard. (353)

1258. Zaniolepis latipinnis Girard. C. (1003)

409.—OXYLEBIUS Gill. (354)

1259. Oxylebius pictus Gill. C. (1004)

410.—MYRIOLEPIS Locking-ton. (355)

1260. Myriolepis zonifer Lockington. C. (1005)

411.—ANOPLOPOMA Ayres. (356)

1261. Anoplopoma fimbria Pallas. C. A. (100G)

Family CXXIIL—SCORP^SNIDiE. (10G)

412.-SEBASTES Cuvier. (357)

1262. Sebastes marinus Linnaeus. G. N. Eu. (1007)

413.—SEBASTODES Gill. (358)

1263. Sebastodes paucispinis Ayres. C. (1008)

414.—SEBASTICHTHYS Gill.

§ Sebastosomus Gill.

1264. Sebastichthys flavidus Ayres. C. (1009)

1265. Sebastichthys melanops Girard. C. (1010)

1266. Sebastichthys ciliatus Tilesi us. A. (1011)

1267. Sebastichthys mystinus Jordan & Gilbert. C. (1012)

1268. Sebastichthys entomelas Jordan & Gilbert. C. (1013)

1269. Sebastichthys ovalis Ayres. C. (1014)

1270. Sebastichthys proriger Jordan & Gilbert. C. (1015)

1271. Sebastichthys brevispinis l Bean. A.

1272. Sebastichthys atrovireus Jordan & Gilbert. C. (1016)

1273. Sebastichthys pirmiger Gill. C. (1017)

1 Sebasticlithijs brevispinis (Bean). Closely allied to S. proriger, but larger in sizo

and more uniform in color; second anal spine shorter than third
; peritoneum white.

Coast of Alaska. (Beau.)

(Sebasticlithys proriger var. brevispinis Bean., Proc, U.S. Nat. Mus.,1883. Sebastodes

proriger, Alaskan specimens, Jor. & Gill)., Syn. Fish. N. A., 1883, 950.)

The statement in the Synopsis, p. 950, that S. proriger has been confounded by
Tilesius and Pallas with S. ciliatus is erroneous. The specimens called by them cili-

atus and variabilis include ciliatus and matzubarm. The true proriger is notyetknowu
from Alaska.
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1274. Sebastichthys miniatus Jordan & Gilbert. C. (1018)

1275. Sebastichthys rnatzubarae ' Ililgendorf. A.

§ Sebastomus Gill.

1276. Sebastichthys ruber Ayres. C. (1019)

1277. Sebastichthys umbrosus Jordan & Gilbert. C. (101D&.)

1278. Sebastichthys constellatus Jordan & Gilbert. C. (1020)

1279. Sebastichthys rosaceus Girard. C. (1021)

12S0. Sebastichthys rhoclochloris Jordan & Gilbert. C. (1022)

1281. Sebastichthys chlorostictus Jordan & Gilbert. C. (1023)

1282. Sebastichthys elongatus Ayres. C. (1024)

1283. Sebastichthys rubrovinctus Jordan & Gilbert. C. (1025)

§ Sebastichthys.

1284. Sebastichthys auriculatus Girard. C. (1026)

1285. Sebastichthys rastrelliger Jordan & Gilbert. C. (1027)

1286. Sebastichthys caurinus Richardson. A. (1028)

1286 b. Sebastichthys caurinus vexillaris Jordan & Gilbert. C. (1028 6.)

1287. Sebastichthys maliger Jordan & Gilbert. C. (1029)

1288. Sebastichthys carnatus Jordan & Gilbert. C. (1030)

1288 b. Sebastichthys carnatus chrysomelas Jordan &. Gilbert, C. (1031)

1289. Sebastichthys nebnlosus Ayres. C. (1032)

1290. Sebastichthys serriceps Jordan <t Gilbert. C. (1033)

1291. Sebastichthys nigrocinctus Ayres. C. (1034)

415.-SEBASTOPSIS- Gill.

1292. Sebastopsis xyris Jordan & Gilbert. P.

416.-SEBASTOPLUS 3 Gill.

1293. Sebastoplus dactylopterus De la Roche. B. En. (1035)

1 Sebastichthys matzubaros (Ililgendorf). Dark red ; three dark shades across cheeks.

Allied to Sebastichthys miniatus. Spines of head low, developed about as h\S. miniatus

and S. pinniger. Preocular, supraocular, postocular, tympanic, occipital, and nuchal

spines distinct ; a pair of small coronal spines present, as also a small spine before

and one just below eye. Maxillary reaching to posterior border of eye 1£ in head.

Both jaws covered with rough, ctenoid scales. Interorbital space flatfish, scaled, its

breath a little less than that of eye. Preopercular spine short, simple. Preorbital

spines simple. Lower jaw scarcely projecting. Second anal spine scarcely longer than

third. Longest dorsal spine 2£ in head, a little less than the longest short rays. Pec-

toral 41- in body.

Color chiefly red ; three dark shades across check. D. XIII, 14. A. Ill, 7. Yeso;

Aleutian Islands. The above description from a specimen in the Berlin Museum,

brought by Pallas from tho Aleutian Islands.

(f'erca variabilis Pallas, Zoogr. Rosso. Asiat., Ill, 241, 1811, in part; the larger speci-

men, No. 8145, Berl.Mus. ; Sebastes matzubarm Hilgendorf, Sitzber. Gesellsehaft Nalnr-

forscheuder Freunde, Berlin, 1880, 170 ; Jordan, Proc. Ac, Nat, Sci. Phila., 1883,291.)

2 Sebastopsis Gill.

(Gill, Proc. Ac. Nat, Sci. Phila., 18(22, 278 ; typo Sebastes polylepis Bleeker.

This genus differs from Sebasticthys in the absence of palatine teeth. Tho known

species are small in size and not very numerous. (Sebastes; oipid, appearance.)

Sehastopsis xyris Jordan & Gilbert, Proc. U. S. Nat . Mus., 1 882, 369. Cape San Lucas.

'Sebastoplus Gill.

(Gill, Proc. Ac. Nat. Sci. Phila,, 18G3, 207; type Sebastes luhli Lowe.)

This genus includes species which have the general characters of Sebastichthys, with

the vertebra! and dorsal spines in smaller number, as in Scorpwna.

Tho species are red in color and mostly inhabit deep water. (Sebastes; oVao?,

armed )
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417.—SCORP-SSNA Linnaeus. (359)

1294. Scorpasna guttata Girard. C. (1036)

1295. Scorpaena plumieri Bloch. W. P. (1037)

1296. Scorpaena grandicornis 1 Cuv. & Val. W.
1297. Scorpaena brasiliensis 2 Cuv. &. Val. W. S. (1038 ft.)

1298. Scorpaena occipitalis 3 Poey. W. (1038 c.)

418.—SETARCHES Johnson. (360)

1299. Setarches parmatus Goode. B. (1039)

Family CXXIV.—COTTID^}. (107)

419.—HEMITRIPTERUS Cuvier.

1300. Hemitripterus americanus Gmelin. G. N. (1040)

1300b. Hemitripterus americanus cavifrons* Lockington. A. (1041)

420.—ASCELICHTHYS Jordan & Gilbert. (362)

1301. Ascelichthys rhodorus Jordan & Gilbert. A. (1042)

421.—PSYCHROLUTES Giinther. (363)

1302. Psychrolutes paradoxus Giinther. A. (1043)

1 Scorpeena grandicornis Cuv. & Val.

Gray, with brown shades and faint cross-bars ; sides with numerous bright yellow
spots in life ; axil dark gray, with round white dots, each surrounded by a dark ring.

Pectoral largely blackish above ; a black blotch at base below ; the fin largely tinged

with yellow, especially on the inner side. Supraocular filament blackish, with gray
fringes. Soft dorsal largely blackish toward the tip ; spinous dorsal chiefly dusky

;

ventrals tipped with blackish ; anal with three black bands ; caudal with two ; a
faint band at its base. Body rather stout ; deeper than in S. plumieri and much less

variegated in color. Sides and head with dermal flaps ; a slight depression below eye

;

occipital pit very deep ; spines of head sharp. A few scales on opercle. Breast with
rudimentary scales. Supraocular flap very large, wide and fringed, more than half

length of head, reaching to beyond front of dorsal. Maxillary reaching posterior

margin of eye, 2i in head. Dorsal spines higher than in related species, the highest

equal to second spine of anal and about half head. Head, 2| ; depth, 2£. D. XII, 9.

A. Ill, 5. Lat. 1, 26 (pores.)

West Indies, north to Key West.
(Cuv. & Val., IV, 1829, 309; Giinther, II, 115; Poey, Syn. Pise. Cubens. 303.)

The species of Scorpeena found in our waters may be readily distinguished by the

color of the axillary region as follows

:

Guttata : pale, usually unspotted ; one or two dark spots behind it.

Plumieri : jet black, with a few large white spots.

Brasiliensis : pale, with several round blackish spots.

Occipitalis : pale, with dark specks, and a black spot above.

Grandicornis : dusky gray, with numerous white stellate spots.
s Scorpama brasiliensis Cuv. & Val., V, 105; Giinther, II, 312= Soorpana stearnsi

Goode & Bean. South Carolina to Brazil.
3 Scorpcma occipitalis Poey, (Memorias Cuba, II, 171), is probably identical with

Scorpaena calcarata Goode & Bean.
4 According to Dr. Bean, Hemitripterus cavifrons is not distinct from H. americanus.

S. Mis. 70 57
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422.—COTTUNCULUS Collett. (364)

1303. Cottunculus microps Collett. B. En. (1044)

1304. Cottunculus torvus 1 Goode. B. (1045).

423.—ARTEDIUS Girard.

1305. Artedius lateralis Girard. C. (1046)

1306. Artedius notospilotus Girard. C. (1047)

1307. Artedius fenestralis 2 Jordan & Gilbert. A. (365)

424—ICELTJS Kroyer.

1308. Icelus bicornis 3 Reinhardt. (1048, 1053, 1083)

425.—ICELINUS 4 Jordan.

1309. Icelinus quadriseriatus Lockington. C. (1049)

426.—CHITONOTUS LockiDgton.

1310. Chitonotus megacephalus Lockington. C. (1050)

1311. Chitonotus pugetensis Steindaclauer. A. (1051)

427.—ARTEDIELLTJS 5 Jordan.

1312. Artediellus uncinatus Reinhardt. G. B. (1052)

428—URANIDEA De Kay. (366)

Tauridea Jordan & Rice.

1313. Uranidea ricei Nelson. Vn. (1054)

Cottopsis Girard.

1314. Uranidea aspera Richardson. T. (1055)

1315. Uranidea semiscabra Cope. R. (1056)

1316. Uranidea rhothea Rosa Smith. T. (1056 6.)

1 Cottunculus torvus is described in full by Goode, Bull. Mus. Comp. Zool., XIX, 212.

Mr. Goode counts D. VII, 14 ; A. 13.

2 Artedius fenestralis Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 577. Puget

Sound.
3 According to Liitken (Vidensk. Meddels. naturh. Foren. Kj0b., 1876, 92), Cottus

bicornis Reinhardt is identical with Icelus hamatus Kroyer. It is thought by Liitken

that Cottus polaris Sabine is probably also the same fish, but if so, the description of

Sabine is very erroneous. Nos. 1053 and 1083 may therefore be erased, and the species

Icelus hamatus in the Synopsis may stand as Icelus bicornis.

4 Icelinus, genus or subgenus nova for Artedius quadriseriatus Lockington, character-

ized by the peculiar squamation, preopercular armature, and form of the body as

described in the Synopsis, p. 691. (Name a diminutive of Icelus.)

6 Artediellus Jordan.

(Genusnova; type Cottus uncinatus Reinhardt.)

This genus or subgenus differs from Icelus proper, apparently its nearest ally, in

having the skin naked and smooth. Centridermichthys Richardson, an Asiatic genns

to which this and other American species have been sometimes referred, has the skin

prickly, and a large slit behind the fourth gill, the gill membranes being fully united

to the isthmus. (A diminutive of Artedius.)
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§ Potamocottu8 Gill.

1317. Uranidea gulosa Girard. T. (1057)

1318. Uranidea punctulata Gill. R. (1058)

1319. Uranidea bendirei Beau. R. (1059)

1320. Uranidea richardsoni Agassiz. V. (1060)

1320b. Uranidea richardsoni bairdi Girard. Vne.

1320 c. Uranidea richardsoni kumlieni Hoy . Vn.

1320 d. Uranidea richardsoni iciJsoni Girard. Vn.

1320 e. Uran idea richardsoni alvordi Girard. Vn.

1320 f. Uranidea richardsoni rneridionalis Girard. Ve.

1320 g. Uranidea richardsoni zophera Jordan. Vs.

1320 h. Uranidea richardsoni Carolines Gill. Vs.

1320i. Uranidea richardsoni ivheeleri Cope. R.

§ Uranidea.

1321. Uranidea cognata Richardson. Vn. (1062)

1322. Uranidea minuta Pallas. Y. (1063)

1323. Uranidea spiiota 1 Cope. Vn. (1062b.)

1324. Uranidea pollicaris Jordan & Gilbert. Vn. (1062 c)
1325. Uranidea niarginata Bean. R. (1064)

1326. Uranidea viscosa Haldenian. Ve. (1065)

1327. Uranidea gracilis Heckel. Ve. (1066)

1328. Uranidea gobioides Girard. Ve. (1067)

1329. Uranidea boleoides Girard. Ve. (1068)

1330. Uranidea franklini Agassiz. Vn. (1069)

1331. Uranidea formosa Girard. Vn. (1069 6.)

1332. Uranidea hoyi Putnam. Vn. (1070)

429.—COTTUS Linnaeus. (367)

1333. Cottus octodecimspinosus 2 Mitchill. N. (1072)

1334. Cottus aeneus Mitchill. N. (1073)

1335. Cottus scorpioides Fabricius. G. (1074)

1336. Cottus scorpius L. G. Eu. (1075)

1336b. Cottus scorpius grbnlandicus Cuv. & Val. N. G. (1075 6.)

1337. Cottus polyacanthocephalus 3 Pallas. A. (1076,1081)

1338. Cottus labradoricus Girard. G. (1077)

1339. Cottus teeniopterus Kner. A. (1078)

1340. Cottus quadricornis L. G. Eu. (1079)

1341. Cottus humilis Bean. A. (1080)

1342. Cottus axillaris Gill. A. (1082)

1343. Cottus platycephalus 4 Pallas. A. (1084)

1344. Cottus verrucosus Bean. A. (1085)

1345. Cottus niger Bean. A. (1086)

1346. Cottus quadrifilis Gill. A. (1087)

1 1 have re-examined the type of Uranidea spiiota. It has now no evident teeth on
the palatines and the ventral rays are I, 3. The skin is smooth, and the preopercular

spine, although prominent and directed upward, is not hooked. The spots on the

body are less sharply defined than in U. ricei.

- Cottus bubalis should be omitted. It is a European species, and it has not yet been
found in Greenland, according to Dr. Liitken.

3 Cottus jaok should be omitted. The type, lately examined by Dr. Bean in Berlin,

is identical with Cottus polyacanthocephalus.
4 Cottus platycephalus Pallas, the type of which has been lately re-examined by Dr.

Bean and the writer, is a valid species of Cottus. It has no palatine teeth.
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430.—GYMNACANTHUS Swainson. (368)

1347. Gymnacanthus tricuspis l Reinhardt. G.

1348. Gymnacanthus pistilliger Pallas. A. (10S8)

1349. Gymnacanthus galeatus Bean. A. (1089)

431.—TRIGLOPSIS Girard. (369)

1350. Triglopsis thompsoni Girard. Vn. (1090)

432.—ENOPHRYS Swainson. (370)

1351. Enophrys bison Girard. C.A. (1091)

1352. Enophrys diceraus* Pallas. A. (1092,1093)

433. -LIOCOTTUS Girard. (371)

1353. Liocottus hirundo Girard. C. (1094)

434.—TRIGLOPS Reinhardt, (372)

1354. Triglops pingeli Reinhardt. G. En. A. (1095)

435.—PRIONISTIUS3 Bean.

1355. Prionistius macellus Bean. A.

436.—LEPTOCOTTUS Girard. (373)

1356. Leptocottus armatus Girard. C. (1096)

437.—HEMILEPIDOTUS Cuvier. (374)

1357. Hemilepidotus spinosus Ayres. C. (1097)

1358. Hemilepidotus jordani Bean. A. (1098)

1359. Hemilepidotus hemilepidotus Tilesius. A. (1099)

438—MELLETES Bean. (375)

1360. Melletes papilio Bean. A. (1100)

439.—SCORP2BNICHTHYS Girard. (376)

1361. Scorpsenichthys marmoratus Ayres. C. (1101)

1 Mr. Dresel observes (Proc. U. S. Nat. Mus., 1884, 251): Dr. T. H. Bean "inclines to

the belief that the Greenland form of Gymnacanthus (tricuspis) does not occur in the

Pacific. It is best, therefore, to retain Reinhardt's name, tricuspis, for the Atlantic

species." A description of G. tricuspis is given by Mr. Dresel, 1. c. The description

in the Synopsis is also from an Atlantic specimen.
3 Enophrys claviger is the young of B. diceraus, according to Dr. Bean, who haB ex-

amined the types of both species.

3 Prionistius Bean.

(Bean, Proc. U. S. Nat. Mus., 1883, 355; type Prionistius macellus Bean.)

Allied to Triglops, differing in the following respects : the much slenderer form ; the

absence of a series of bony tubercles along the bases of the dorsal fins, the elongation

of the exserted pectoral rays so that the lower portion of the fin is considerably

longer than the upper, the presence of serrations on all the dorsal spines and on the

first soft ray, and the eraargination of the caudal fin. Alaska. (Upiov , saw; idrtov,

sail; dorsal fin.)

Prionistius macellus Bean, 1. c. Coast of British Columbia.



[113] CATALOGUE OF THE FISHES OF NORTH AMERICA. 901

440.—OLIGOCOTTUS Girard. (377)

§ Clinocoitus Gill.

1362. Oligocottus analis Girard. C. (1102)

§ Oligocottus.

1363. Oligocottus maculosus Girard. C. (1103)

§ Blennicottus Gill.

1364. Oligocottus globiceps Girard. C. (1104)

441.—BLEPSIAS Cuvier. (378)

1365. Blepsias cirrhosus Pallas. A. (1105)

1366. Blepsias bilobus Cnv. & Val. A. (1106)

442.—NAUTICHTHYS Girard. (379)

1367. Nautichthys oculofasciatus Girard. A. (1107)

443.—RHAMPHOCOTTUS Giinther. (380)

1368. Rhamphocottus richardsoni Giintlier. A. (1108)

Family CXXV—AGONID^E (108 a.)

444.—ASPIDOPHOROIDES Lace"pede. (381)

1369. Aspidophoroides monopterygius Bloch. N. G. (1109)

1370. Aspidophoroides inermis Giintlier. A. (1110)

1371. Aspidophoroides olriki 1 Ltitken. G.

1372. Aspidophoroides giintheri Bean. A.

445.—SIPHAGONTJS Steindachner. (382)

1373. Siphagonus barbatus Steindachner. G. (1111)

446.—BRACHYOPSIS 2 Gill. (383)

1374. Brachyopsis rostratus Tilesius. A. (1112)

1 Aspidophoroides olriki Liitken.

Body short and thick, much less elongate than in the other species of this genus

;

head broad, the interorbital space concave, as is the median line of the hack

;

lower jaw included ; snout with a short spine above ; no barbels ; shields without
spines ; breast with about ten conical striate shields. Fins very much larger than in

the other species of Aspidophoroides, the dorsal fin about as high as long, but little

larger than anal. Ventrals small, 2f in head
;
pectorals about as long as head. Head

4| ; depth 6. D. 6 or 7. A. 6 or 7. V. 1, 2. P. 13. C. 10. L. 4 inches. Greenland,

from the stomachs of flounders.

(Liitken, Nordiske Ulkefiske, Vidensk. Meddels. naturh. Foren., Kjobenhavn, 1876,

385.)

3 The name Brachyopsis should be retained for this genus, instead of Leptagonus.
" Leptagonus" deeagonus, lately examined by me in Copenhagen, has the gill mem-
branes attached to the isthmus and forming a narrow fold across it. It should, there-

fore, be referred to Podothecns, although in some respects approaching Agonus, render-

ing a reunion of these genera probably necessary.
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1375. Brachyopsis verrucosus Locking-ton. C. (1113)

1376. Brachyopsis xyosternus Jordan & Gilbert. C. (1114)

447.-BOTHRAGONUS Gill. (385)

1377. Bothragonus swani Steindachner. A. (1117)

448.—ODONTOPYXIS Lockington. (386)

1378. Odontopyxis trispinosus Lockington. C. (1118)

449.—PODOTHECUS Gill. (387)

§ Leptagonus Gill.

1379. Podothecus decagonus Block & Schneider. G. (1115)

§ Podothecus.

1380. Podothecus vulsus Jordan & Gilbert, C. (1119)

1381. Podothecus acipenserinus Tilesius. A. (11120)

Family CXXVL—TEIGLIDiE. (108 b.)

450.—PERISTEDION Lacep&de. (388)

1382. Peristedium miniatum. Goode. B. (1121)

1383. Peristedium imberbe ' Poey. W. B.

451.—PRIONOTUS Lacepede. (390)

§ Ornichthys Swainson.

1384. Prionotus scitulus 2 Jordan & Gilbert. (1123)

1385. Prionotus palmipes Mitchill. N. (1124)

1386. Prionotus alatus 3 Goode & Beau. B.

1 Peristedion imberbe Poey.

Only a very few specimens of this fish are known ; all in bad condition, having

been taken from the stomachs of deep-water fishes at Havana and Pensacola. Bar-

bels very small, scarcely visible—this character distinguishing the species from the

others known in America.

(Peristedion imberbe Poey, Memorias, II, 389, 1860. Peristedion micronemus Poey, Ann.

Lye. Nat. Hist., IX, 321 ; Jordan, Proc. U. S. Nat. Mus., 1884.)

2 1 am unable to find any positive evidence of the occurrence of the West Indian

Prionotus punctatus on the coasts of the United States, all the specimens so named
being apparently either P. scitulus or P. palmipes. Prionotus punctatus may therefore

be omitted.
3 Prionotus alatus Goode & Bean.

Brownish, with about four faint darker cross-bands ; vertical fins uniform, the

caudal with a black tip and two paler shades before it ; dorsal with the usual black

spots; pectorals blotched and clouded. Body rather stout, covered with small, rough

scales. Maxillary 3 in head
;
preopercular, opercular, and humeral spines strong, the

latter extending farthest back. Palatine teeth few and feeble. Gill-rakers 1+6,

besides some rudiments, the longest 3 in eye. Second dorsal spine longest, half head
;

first spine strongly serrated in front. Caudal subtruncate. Ninth ray of pectoral

longest, reaching base of caudal. Pectoral appendages slender. Head2^; depth 4,

D. X—12. A. 11. P. 13+3. Scales 109 ; 50 tubes in lat. 1. Deep water off Charleston,

S. C. (Goode $• Bean.)

(Goode & Bean, Bull. Mus. Comp. Zool., XIX, 1883, 210.)
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§ Prionotus.

1387. Prionotus ophryas * Jordan & Swain. W.
1388. Prionotus stearnsi 2 Jordan & Swain. W.
1389. Prionotus tribulus Cnv. & Val. S. (1125)

1390. Prionotus evolans 3 Linnaeus. S. (1126)

1391. Prionotus strigatus 4 Mitchill. N. (1126 6.)

1392. Prionotus stephanophrys Lockington. C. B. (1127)

452.—CEPHALACANTHUS Lac6pede. (391)

1393. Cephalacanthus volitans Liunseus. N. S. W. (1128)

Family CXXVII.—LIPARID^E. (109.)

453.—MONOMITRA5 Goode. (392)

1394. Monomitra liparina Goode. B. (1129)

454.—CAREPROCTUS Kroyer. (393)

1395. Careproctus gelatinosus Pallas. A. (1130 6.)

1396. Careproctus reinhardti Kroyer. G. (1130 b.)

455—LIPARIS Linnasus. (394)

§ Aclinockir Gill.

1397. Liparis major Walbaum. G. (1131)

§ Liparis.

1398. Liparis pulchella Ayres. C. (1132)

1399. Liparis gibba Bean. A (1133)

1400. Liparis tunicata Reinhardt. G. (1135)

1401. Liparis liparis Linnaius. G.N. Eu. (1136)

1401b. Liparis liparis arctica Gill. (1134)

1402. Liparis ranula Goode & Bean. N. B. (1137)

1403. Liparis montaguei Donovan. N. Eu. (1138)

1404. Liparis calliodon Pallas. A. (1139)

1405. Liparis cyclopus Giiuther. A. (1140)

§ Neoliparis Steindachner.

1406. Liparis mucosa Ayres. C. B. (1141)

1 Prionotus ophryas Jordan & Swain. Proc. U. S. Nat. Mus., 1885. Deep water off

Pensacola.
2 Prionotus stearnsi Jordan & Swain, 1. c. Deep water off Pensacola, lately dis-

covered by Mr. Silas Stearns.
3 This species should probably retain the name of Prionotus evolans, as adopted in the

Synopsis, instead of that of Prionotus sarritor, since given it by us (p. 974, Proc. U.
S. Nat. Mus., 1882, 615). The type of Trigla evolans L., recently examined by Dr.

Bean, appears to belong to this species.

-* Prionotus strigatus Cuv. & Val. Described in the Synopsis (p. 736) as Prionotus

evolans Hneaius. Mitchill's name lineatus, as stated on page 974, was not given as that

of a new species, but through a mistaken identification with the European Trigla

lineata Bloch.
5 Monomitra Goode.

(Goode, Proc. U. S. Nat. Mus., 1883, 109; type Amiira liparina Goode; name a sub-

stitute for Amitra, preoccupied as Amitrus. (MoroS, lacking; nixpa, stomacher.)
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Family CXXVIII.—CYCLOPTERID^E. (110)

456.—CYCLOFTERICHTHYS Steindachner. (395)

1407. Cyclopterlchthys ventricosus Pallas. A. (1142)

1408. Cyclopterichthys stelleri Pallas. A. (1143)

457.—EUMICROTREMTJS Gill. (395 6.)

1409. Eumicrotremus spinosus Muller. A. (1144)

458.—CYCLOPTERUS Linna?ue. (396)

1410. Cyclopterus lumpus Linnaeus. N. G. Eu. (1145)

Family CXXIX.—GOBIESOCID^E. (Ill)

459.—GOBIESOX Lac6pede. (397)

1411. Gobiesox maeandricua Girard. C. (1146)

1412. Gobiesox strumosus Cope. S. (1147)

1413. Gobiesox virgatulus Jordan & Gilbert. S. W. (1147 6.)

1414. Gobiesox rhessodon Rosa Smith. P. (1148)

1415. Gobiesox adustus 1 Jordan & Gilbert. P.

1416. Gobiesox zebra 2 Jordan & Gilbert. P.

1417. Gobiesox erythrops 3 Jordan & Gilbert. P.

1418. Gobiesox eos 4 Jordan & Gilbert. P.

Family OXXX.—BATEACHID^. (112)

460.—BATRACHUS Bloch & Schneider. (398)

1419. Batrachus tau Linnams. N. S. W. (1149)

1419 b. Batrachus tau pardus Goode & Bean. S. (1149 5.)

461.—PORICHTHYS Girard. (399)

1420. Porichthys margaritatus 6 Richardson. C. (1150)

1421. Porichthysporosissimus 6 Cuv. & Val. W. (1150 6.)

1 Gobiesox adustus Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 360. Mazatlan,

southward.
2 Gobiesox zebra Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 359. Mazatlan.
3 Gobiesox erythrops Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 360. Mazatlan;

Tres Marias.
4 Gobiesox eos Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 360. Mazatlan.
6 Porichthys margaritatus (Richardson.)

The Pacific species, found from Vancouver's Island to Panama, most abundant
northward. The description on page 751 belongs here, and the names margaritatus

and notatus, as also all Pacific coast references to P. porosissimus.
6 Porichthys porosissimus (Cuv. & Val.)

The Atlantic species, found from Surinam to Galveston, Pensacola, and Charleston,

distinguished from P. margaritatus by the strong, unequal palatine teeth, as described

on page 958. The names porosissimus and plectrodon belong to this species, the only

one of its genus yet known from the Atlantic.
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Family CXXXI.—TBICHODONTLMJ. (102 &.)

462.—TRICHODON Steller. (337)

1422. Trichodon trichodon Tilesius. A. (975)

1423. Trichodon japonicus 1 Steiudachner. A.

Family CXXXIL—LEPTOSCOPIDJE. (113)

463.—DACTYLOSCOPUS Gill. (400)

1424. Dactyloscopus mundus a Gill. P.

1425. Dactyloscopus pectoralis 3 Gill. P.

1426. Dactyloscopus tridigitatus Gill. W. (1151)

464.—MYXODAGNUS * Gill.

1427. Myxodagnus opercularis Gill. P.

Family OXXXIII.—UEAXOSCOPLD^. (103)

465.—UPSILONFHORUS 6 Gill. (338)

1428. TJpsilonphorus y-graecum Cuv. & Val. S. (976)

1429. Upsilonphorus guttatus Abbott. N. S. (977;

1 Trichodon japonicus Steiudachner.

Form of body and coloration of T. trichodon. First dorsal high, triangular, formed
of ten slender spines, and separated by a long interval from the second dorsal. Pre-

opercle with five sharp spines ; the two spines on the preorbital very small. Pectoral

well developed, all its rays simple, the lower a little thickened ; the fin considerably

longer than the head and reaching past the last spine of the dorsal. Anal fin with
its rays gradually longer posteriorly. Dentition as in T. trichodon, the mouth rather

more oblique than in the latter. Head 3| : depth 3f . D. X-13 ; A. 31 ; P. 25 ; L. 4$
inches. Strietok, in the sea of Japan, and Sitka, Alaska (Steindachner).

(Steindachner, Ichth., Beitr., X, 4, 1881.)
2 Dactylagnus mundus Gill, Proc. Ac. Nat. Sci. Phila., 1862, 505. Jordan & Gilbert,

Proc. U. S. Nat. Mus., 1882, 628. Cape San Lucas to Panama.
We find very small pseudobranchiae present in living examples of Dactyloscopus

tridigitatus. Probably none of the family are wholly destitute of these organs.
3 Dactyloscopus pectoralis Gill, Proc. Ac. Nat. Sci. Phila., 1861,267. Cape San Lucas.

* Myxodagnus Gill.

(Gill, Proc. Ac. Nat. Sci. Phila., 1861, 269, 270 ; type Myxodagnus opercularis Gill.)

This genus differs from Dactyloscopus in the form of the head, which is elongate-

conoid, the lower jaw obtusely pointed and provided with a short flap in front. The
pseudobranchige are well devt loped and the dorsal fin commences far behind the nape.

One species known. (Myxodes, a genus of blennies ; ayvoi, an old name of Uranoscopus

scaber.) Myxodagnus opercularis Gill, 1. c, 270. Cape San Lucas.
8 Instead of genus Astroscopus as given in the Synopsis (p. 627) read:

Upsilonphorus Gill.

(Gill, Proc U. S.Nat. Mus., 1861,113; type Uranoscopus y-gro3cum Cuv. & Val.)

The definition of Astroscopus in the text applies entirely to this genus. (Tipt\ov
t

V) cpopsoo, to bear.

)

The species of this genus should stand as:

Upsilonphorus y-grcecum (C. & V.) Gill.

The comparison made on page 941 between A. y-gracum and A. anoplus should be
suppressed, as the specimens there called anoplus were the young of y-graecum, and
the differences noted are the changes produced by age.

Upsilonphorus guttatus (Abbott) Gill.

This is the species called Astroscopus anoplus by Bean (Proc. U. S. Nat. Mus., 1879, 60)
and by us in the text on page 629. The original anoplus is, however, very different.
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466.—ASTROSCOPUS l Brevoort.

1430. Astroscopus anoplus Cuv. & Val. S.

Family OXXXIY.—OPISTHOGNATHID^. (103 ft.)

467.—GNATHYPOPS Gill. (3386.)

1431. Gnathypops rhomaleus i Jordan & Gilbert. P.

1432. Gnathypops mystacinus 3 Jordan. W.
1433. Gnathypops maxillosus Poey. W.

468.—OPISTHOGNATHUS Cuv. & Val. (339 6.)

1434. Opisthognathus scaphiura Goode & Beau. W. (977 c.)

1435. Opisthognathus lonchura Jordau & Gilbert. W. (977 d.)

1436. Opisthognathus punctata 4 Peters. P.

1 Astroscopus Brevoort.

(Agnus Giinther.)

(Brevoort MSS. ; Gill, Proc. Ac. Nat. Sci.,Phila., 1860, 20; type Uranoscopus anoplos.

C.&V.)
This genus is distinguished from UpsUonphorus chiefly by the armature of the head,

which is entirely covered above by a rugose coat of mail as in Uranoscopus. In other

respects it agrees with TJpsUonphorus, which should, perhaps, be regarded as a subge-

ueric section of Astroscopus. One species known.
Astroscopus anoplus (Cuv. & Val.).

Jet black above and on lower jaw and spinous dorsal ; belly and other fins whitish;

top of head with no naked areas except at base of prem axillary ; cheeks covered with

smooth skin except the narrow suborbital and a long slender preorbital strip lying

along the maxillary. A transverse depression behind the eyes ; occipital ridges promi-

nent, bluntish. Humeral spine obsolete
;
preopercle with two blunt processes, the

lower turned downwards and forwards. Scales minute, obsolete below ; no intralabial

filament. Head as broad as deep ; head 2-J- ; depth 3£. D. IV-14 ; A. 13. New York

to Key West. No specimens known more than 2-J inches in length.

Uranoscopus anoplos C. & V., VIII, 4 93, 1S31. Agnus anoplus Gtinther, II, 229 (not

Astroscopus anoplus of most recent authors).
2 Opisthognathus rhomaleus Jordau & Gilbert, Proc. U. S. Nat. Mus., 1881, 276. Gulf

of California.

3 Gnathypops mystacinus Jordan, Pioc. U. S. Nat. Mus., 1884.

* Opisthognathus punctatus Peters, Berliner Monatsberichte, 1869; Jordan, Proc. Ac.

Nat. Sci. Phila., 1883, 290. Mazatlan.

Head everywhere finely speckled with black, the body more coarsely and irregularly

spotted. Pectoral finely and closely speckled, its edge plain. Ventral fin dusky,

similarly marked. Dorsal without large black blotch, finely spotted, the spots behind

gradually forming the boundaries of white ocelli, the base of the fins having rings

of white around black spots, the upper part with dark rings around pale spots.

Caudal with pale spots, its edge, like that of the dorsal, somewhat dusky, not black.

Anal with a broad, blackish edge, and with dark spots, those near the base of the

fin largest. Lining membrane of maxillary with the usual bauds of white and inky

black.

Scales very small, about 125 in lateral line. Dorsal spines continuous with the

soft rays. D. 28; A. 18. No vomerine teeth. Maxillary very long, extending slightly

beyond head.

Only the type of this species is yet known.
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Family OXXXV.—CHIASMODONTID^. (1206.)

469.—CHIASMODON Johnson. (446)

1437. Chiasmodon niger Johuson. B. (1250)

Family CXXXVL—BLENNIID^l. (114)

470.—OPHIOBLENNIUS Gill. (401)

1438. Ophioblennius webbi Valenciennes. W. P. (1152)

471.-CHASMODES Cuv. & Val. (402)

1439. Chasmodes bosquianus Lacepede. S. (1153)

1440. Chasmodes quadrifasciatus Wood. S. (1154)

1441. Chasmodes saburree Jordan & Gilbert. S. (1154 6.)

472.—HYPSOBLENNIUS » Gill. (403)

1442. Hypsoblennius brevipinnis 2 Giinther. P.

1443. Hypsoblennius gentilis Girard. C. P. (1155 6.)

1444. Hypsoblennius gilberti Jordan. C. (1155)

1445. Hypsoblennius puiictatus 3 Wood. S. (1156,11566.)

1446. Hypsoblennius ionthas Jordan & Gilbert. S. (1156c.)

1447. Hypsoblennius scrutator Jordan &, Gilbert. S. (1156d.)

473.—HYPLEUROCHILUS Gill. (404)

1448. Hypleurochilus multifilis Girard. S. (1157)

1449. Hypleurochilus geminatus Wood. S. (1158)

474.—BLENNIUS Linnams. (405)

§ Blennius.

1450. Blennius stearnsi 4 Jordan & Gilbert. W. (1159 6.)

1451. Blennius favosus Goode & Bean. W. (1159c.)

1452. Blennius asterias Goode & Bean. W. (1159 d.)

§ Pholis Cuv. & Val.

1453. Blennius carolinus Cuv. & Val. S. (1160)

1 The generic name Hypsoblennius Gill (Cat. Fish. East Coast U. S., 1861; H. hentzi)

introduced without definition or explanation is equivalent to Isesthes Jordan &
Gilbert. If it be thought best to adopt such nomina nuda, Hypsoblennius has prece-

dence over Isesthes.

2 Blennius brevipinnis Giinther, Cat. Fishes, III, 226. Mazatlan, southward. This

species is a genuine Isesthes, as is also the Blennius slriaius of Steindachuer, from

Panama.
3 Isesthes hentzi should be erased. It is identical with Isesthes punctatus, as given on

page 758 of the Synopsis.
4 Blennius fucorum should be erased. It is a tropical species introduced into our

faunal lists by DeKay, on information which was probably erroneous.
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475.—RUPISCARTES Swainson. 1

1454. Rupiscartes chiostictus 4 Jordan & Gilbert. P.

1455. Rupiscartes atlanticua 3 Cuv. & Val. P. W.

476.—EMBLEMARIA 4 Jordan & Gilbert.

1456. Emblemaria nivipes Jordan & Gilbert. W. P.

477.—NEOCLINTJS Girard. (406)

1457. Neoclinus satiricus Girard. C. (406)

1458. Neoclinus blanchardi Girard. C. (1162)

478.—LABROSOMUS Swainson.

1459. Labrosomus uuchipinnis Quoy & Gaimard. W. (1163)

1459b. Labrosomus uuchipinnis xanti 5 Gill. P.

1460. Labrosomus zonifer 6 Jordan & Gilbert. P.

1 Rupiscartes Swainson.

(Swainson, Class'n Anim., 1839, II, 275; type Salariae alticus C. & V.)

As here understood, tbis genus differs from Blennius, in having the teeth in the

jaws slender and movable. From the genus Salarias Cnv. (type S. quadripirmis Cuv.),

which has the same dentition, and to which genns its species have been nsnally re-

ferred, it differs in the presence of posterior canines. Species numerous, in tide pools

of the tropica. (Latin, rupis, rock ; dxapryS, a leaper ;
" it is said to jump on the

sea-rocks like a lizard "; Swainson.)
3 Salarias chiostictus Jordan & Gilbert, Proc. U. S. Nat. Mus., 1381, 363. Mazatlan.
3 Salarias atlanticus Cuv. & Val., XI, 321 ; Giinther, III, 242. Tropical America, on

both coasts, north to Cape San Lucas.

4 Emblemaria Jordan & Gilbert.

(Jordan &. Gilbert, Proc. U. S. Nat. Mus., 1882,627; type Emblemaria nivipes Jor-

dan & Gilbert.)

Body moderately elongate, not compressed, naked. Ventrals jugular, I, 2. Dor-

sal fin continuous, beginning at the nape, not confluent with the caudal. Spines

and soft rays similar, both much elevated. Head cuboid, formed much as in Opis-

thognathus. Lower jaw very acute at symphysis. A single series of strong, blunt,

conical teeth on each jaw and on vomer and palatines. Teeth of vomer and palatines

larger, forming a uniform curve. No cirri. Gill openings very wide, the membranes

broadly united below, free from the isthmus. One species known. (Emblema, a

banner (emblem); from the elevated fins.)

Emblemaria nivipes Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 627.

Originally described from the Pearl Islands (Panama). A specimen which we can-

not distinguish from this species was obtained at Pensacola by Mr. Silas Stearns. See

Proc. U. S. Nat. Mus., 1884.

b Labro8omu8 xanti Gill. Proc. Ac. Nat. Sci. Phila., I860, 107 ; Clinus xanti Jordan &
Gilbert, Proc. U. S. Nat. Mus., 1882, 368. Gulf of California, southward. The genus

Labrosomus, as here understood, differs from Clinus chiefly in the absence of the up-

turned spine-like pi'ocess on the inner edge of the shoulder girdle, characteristic

of the latter genus and Reterostichus. This process is found on Clinus acuminatum, the

type of the genus Clinus.
6 Clinus zonifer Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 361. Mazatlan.
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479.—TRIPTERYGION ' Risso.

1461. Tripterygion carminale 2 Jordan & Gilbert. P.

480. -CLINUS Cuv. & Val. (407)

§ Gibbonsia Cooper.

1462. Clinus evides Jordan & Gilbert. C. (1164)

481.—HETEROSTICHTJS Girard. (408)

1463. Heterostichus rostratus Girard. C. (1165)

482.—CREMNOBATES Giinther. (409)

1464. Cremnobates altivelis 3 Lockington. P.

1465. Cremnobates marmoratus Steindachner. W. (1166&.)

1466. Cremnobates fasciatus* Steindachner. W.
1467. Cremnobates affinis 5 Steindachner. W.

1 Tripterygion Risso.

(Risso, Europe Mendion. 1826,111,241; type Blennius tripteronotm Risso.) This
genus is allied to Clinus , differing chiefly in the division of the dorsal fin into three

nearly or quite separate fins, the anterior of 3 to 6 spines, the median one of many
spines and the last of many soft rays. Warm seas in tide-pools. (TpeiS, three:

nzepvyiov, fin.)

2 Tripterygium carminale Jordan & Gilbert, Proc. U. Nat. Mus., 1881, 362. Mazatlan to

Panama.
3 Cremnobates altivelis Lockington, Proc. Ac. Nat. Sci. Phila., 1881. Gulf of Cali-

fornia.

4 Cremnobates fasdatus Steindachner.

Light pinkish-brown, much mottled, and with 6 or 8 darker bars; sides of head
marbled with whitish, its cirri pale ; 3 black spots behind and below eye ; dorsal pale,

with 9 blackish blotches extending from the bands on the sides ; in the next the last

of these is a large blue-black spot ocellated with orange ; anal with 5 dark blotches

and no ocelluB ; a dark band across base of caudal ; caudal otherwise pale yellowish

with dark dots. Pectorals whitish, barred with black; its base with a whitish area;

with a brown center, below which is a small black spot. Ventrals barred. Body
rather slender, a little deeper than as in C. integripinnis, the enont less acute than in

C. marmoratu8. First dorsal spine rather higher than second, and lower than the

spines of posterior part of fin ; membrane of third spine joining second dorsal at a

point above its base, the two parts of the fin therefore separated only by an emargina-

tion. Tentacle above eye slender, small; cirri on side of occiput bluish. Head 4;

depth 4|. D. Ill, 24,1. A. II, 18. Lat. 1. 37. L. 2 inches. Florida Straits; north to

Key West.

(Steindachner, Ichth. Beitr, V, 1876, 176). For a comparison of our species of Crem-

nobates, see Jordan, Proc. U. S. Nat. Mus., 1884, 142.)
5 Cremnobates affinis Steindachner.

Dark brown, paler than in C. nox, but darker and more uniform than in C.fasdatus;

lower side of head pearly gray, thickly speckled with darker ; sides with 5 very faint

darker cross-bands ; dorsal and anal dusky, the latter with a pale edge ; between the

18th and 22d dorsal spines a large dark spot ocellated with yellowish ; caudal yel-

lowish white, with darker cross-streaks ; a blackish band at its base
;
pectoral dusky

at base, its posterior half yellowish, with darker cross-streaks ; ventral similar. A
wedge-shaped whitish band extending backward from eye to opercle. Form of C.

integripinnis ; maxillary reaching to below posterior margin of eye ; a friuged tentacle

above eye and one on each side of occiput. First dorsal low, its longest (second) ray
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1468. Cremnobates integripinnis Rosa Smith. C. P. (1166)

1469. Cremnobates nox 1 Jordan & Gilbert. W.

483.—CHIROLOPHUS Swainson. (410)

1470. Chirolophus polyactocephalus 2 Pallas. A. (1167)

484—MURiENOIDES 3 Lacepede. (411)

1471. Muraenoides gunnellus Linnaeus. N. G. Eu. (1168)

1472. Muraenoides fasciatus Block & Schneider. G. (1169)

1473. Muraenoides ornatus Girard. A. (1170)

1474. Muraenoides maxillaris Bean. A. (1171)

1475. Muraenoides dolichogaster Pallas. H. (1172)

485.—APODICHTHYS Girard. (412)

1476. Apodichthys flavidus Girard. C. (1174)

1477. Apodichthys fucorum Jordan & Gilbert. C. (1175)

1478. Apodichthys univittatus 4 Lockington. P.

486—ANOPLARCHUS Gill. (413)

1479. Anoplarchus atropurpureus 5 Kittlitz. C. A. (1176)

487.—XIPHISTER Jordan. (414)

1480. Xiphister chirus Jordan & Gilbert. C. (1178)

1481. Xiphister mucosus 6 Girard. C. (1179)

1482. Xiphister rupestris Jordan & Gilbert. C. (1180)

488.-CEBEDICHTHYS Ayres. (415)

1483. Cebedichthys violaceus Girard. C. (1181)

489—EUMESOGRAMMUS Gill. (416)

1484. Eumesogrammus praecisus Kroyer. G. (1182)

1485. Eumesogrammus subbifurcatus Storer. N. (1183)

490.—STICHiEUS Reinhardt. (417)

1486. Stichaeus punctatus Fabricius. G. (1184)

shorter than the kighest of second dorsal ; membrane of third spine joining the fourth

spine just above its base. Last ray of second dorsal joined by membrane to base of

caudal. Head 4 ; depth 4f, D. Ill, 27, I. A. II, 19. V. 1,
2.

' Lat. 1. 33 to 35. Key
West; St. Thomas.

(Steiudachner, Icktkyologiscke Beitrage, V, 178, 1876. Jordan, 1. c, 142.)

1 Cremnobates nox Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884, 30. Key West.
2 Blennius polyactocephalus Pallas, lately rediscovered by Mr. Nelson in Alaska, proves

to be, as supposed in tke Synopsis, a genuine species of Chirolophus.

3 1 kere omit ATurcenoides (Asternopieryx) gunelUformis. It is not certain tkat tke

single known specimen is a Murcenoldes or tkat it is from American waters.

4 Apodichthys unwittatus Lockington, Proc. Ac. Nat. Sci. Pkila., 1881, 118. Gulf of

California.

5 Anoplarchu8 alectrolophus skould not kavebeen inserted. It is an Asiatic species,

not found witkin our limits.

6Tke type of Xiphidium oruoreum Cope, examined by Mr. Meek, is identical with

X. mucosus.
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491.—NOTOGRAMMUS Bean. (418)

1487. Notogrammus rothrocki Bean. A. (1185)

492.—LEPTOCLINUS Gill.

1488. Leptoclinus maculatus Fries. G. (1186)

493.—LUMPENUS Reinhardt. (419)

1489. Lumpenus medius Reinkardt. G. (1187)

1490. Lumpenus anguillaris Pallas. A. (1188)

1491. Lumpenus lumpenus Miiller. G. (1189)

494.—LEPTOBLENNIUS Gill. (420)

1492. Leptoblennius nubilus Richardson. G. (1190)

1493. Leptoblennius serpentinus Storer. N. (1191)

1494. Leptoblennius lampetreeformis Walbaum. G. (1192)

495.—PHOLIDICHTHYS » Bleeker.

1495. Pholidichthys anguilliformis Lockington. P.

Family CXXXVIL—CRYPTACAXTHODID^J.2

496.—DELOLEPIS Bean. (421)

1496. Delolepis virgatus Bean. A. (1193)

497.—CRYPTACANTHODES Storer. (422)

1497. Cryptacanthodes maculatus Storer. N. (1194)

Family CXXXVIIL—AXARRH[CHADLD^E.2

498—ANARRHICHAS Linnaeus. (423)

1498. Anarrhichas lupus Linnaeus. N. Eu. (1195)

1499. Anarrhichas minor Olafsen. G. Eu. (1196)

1500. Anarrhichas latifrons Steenstrup & Halgrimsson. G. Eu. (1197)

1501. Anarrhichas lepturus Bean. A. (1198)

499.—ANARRHICHTHYS Ayres. (424)

1502. Anarrhichthys ocellatus Ayres. C. (1199)

1 Pholidichthys Bleeker.

(Bleeker, Boeroe, 406; type Pholidichthys leucotienia Bleeker.)

Body elongate, tapering, naked; snout obtuse; no cirri. Teeth unequal, on jaws

only. Dorsal, anal, and caudal fins distinct, but connected by membrane, the dorsal

formed of flexible spines. Ventrals inserted scarcely before the pectorals, of two rays.

Two species known, of the tropical parts of the Pacific, (^o/l??, Pholis; ix^vS, fish.)

Pholidichthys anguilliformis Lockington, Proc. Ac. Nat. Sci. Phila., 1881, 118. Dredged

off Amortiguado Bay, Gulf of California.
2 There seems to be no doubt that the families of Cryptacanthodidai and Anarrhicha-

didce at least, should be detached from the Blenniidce. Whether the latter group should

be further subdivided or not, I am not certain. In the northern types (Xiphisterince,

Stichceince) the vertebrae are much more numerous than in the tropical Clininas and
Blenniinw.
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Family CXXXIX.—LYCODID^. (115)

500—ZOARCES Cuvier. (425)

1503. Zoarces auguillaris Peck. N. G. (1200)

501.—LYCODOPSIS Collett, (426)

1504. Lycodopsis pacificus Collett. C. A. (1201)

1505. Lycodopsis paucideus Lockiugtou. C. (1202)

502—LYCODONUS l Goode & Bean.

1506. Lycodonus mirabilis Goode & Beau. B.

503.—LYCENCHELYS 2 GUI.

1507. Lycenchelys pazillus Goode & Bean. B. (1203)

1508. Lycenchelys paadlloides 3 Goode & Bean. B.

1509. Lycenchelys verrilli Goode & Bean. B.

504.—LYCODES Reinhardt. (427)

1510. Lycodes vahli Reinhardt. B. G. (1205)

1511. Lycodes esmarki Collett. B. G.Eu. (1206)

1512. Lycodes reticulatus Reinhardt. B. G. (1207)

1513. Lycodes seminudus Reinhardt. B. G. (1208)

1514. Lycodes nebulosus Reinhardt. G. (1209)

1515. Lycodes coccineus Bean. A. (1210)

1 Lycodonus Goode &. Bean.

(Goode & Bean, Bull. Mus. Comp., Zool., XIX, 1883, 208; type Lycodonus mirabilis

Goode & Bean.)

Body elongate, formed as in Lycenchelys. Scales small, circular, imhedded in the

skin; lateral line very short, obsolete posteriorly. Jaws without fringes, lower jaw

included. Fin rays all articulated, each ray of dorsal and anal supported laterally

by a pair of sculptured scutes. Caudal distinct, not fully connate with dorsal and

anal. Ventrals present. Gill opening narrow. Teeth as in Lycodes. Deep water

(Lycodes; Onos).
Lycodonus mirabilis Goode & Bean.

Form of Lycenchelys verrilli, very slender ; head, nape, and fins scaleless; maxillary

reaching front of pupil. Dorsal inserted slightly behind base of pectorals. Length

of pectorals 3 times snout. Eye 2£ in head, 3^ times interorbital width. Head 7

;

depth 16. D. 80 +. A. 70 +. Gulf Stream, lat. 40°.

(Goode & Bean, Bull. Mus. Comp. Zool., XIX, 1883, 208.)

2 Lycenchelys Gill.

(Gill, Proc. Ac. Nat. Sci., Phila., 1884, 180 ; type Lycodes murcena Collett.)

This name Lycenchelys may be used for Collett's second group, which have the body

elongate; height of the body contained from 12 to 24 times in the total length (Gill).

(AvHoi, wolf ; dyx^Xvi, eel.)

3 Lycenchelys paxilloides Goode & Bean.

Light brown, the head somewhat darker. Form of L. paxillus, but with a smaller

month and less prominent cheeks. Dorsal beginning over tip of pectoral ; ventral

little longer than pupil. Scales very small, present everywhere except on head and

pectorals, nearly covering vertical fins. Eye 3£ in head, equal to snout, which is 4

times interorbital width. Head 8, depth 16. D. (with half caudal) 118. A. 110. P.

16. V. 3. Gulf Stream, lat. 40°, in deep water ( Goode «/• Bean).

( Lycodes paxillus Goode & Bean, Bull. Mus. Comp. Zool., XIX, 1883, 207.)
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505.—LYCODALEPIS Bleeker. (428)

1516. Lycodalepis mucosus Richardson. G. (1211)

1517. Lycodalepis tumeri Beau. A. (1212)

1518. Lycodalepis polaris Sabine. G. (1213)

506.—GYMNELIS Reinhardt. (429)

1519. Gymnelis viridis 1 Fabricius. G. A. (1214,1215?)

507.—LYCOCARA"* Gill. (430)

1520. Lycocara parrii Ross. G. (1216)

508.—MELANOSTIGMA 3 Giinther.

1521. Melanostigma gelatinosum Giinther. B.

Family CXL.—CERDALID^).4

509.—MICRODESMUS/1 Giinther.

1522. Microdesmus dipus Giinther. P.

1 1 here omit Gymnelis stigma. It is probably based on an inaccurate description of

Gymnelis viridis. If, however, really possessing scales, it may belong to the Antarctic

genus Maynea (Cunningham), which differs from Lycodes chiefly in the absence of

ventrals.
5 Lycocara Gill.

(Gill, Proc. Ac. Nat. Sci. Phila., 1884, 180; type Opliidium parrii Ross.)

This name is a substitute for Uronectes, which is preoccupied. (AvxoS, wolf; uapa,
head.

)

3 Melanostigma Giinther.

(Giinther, Proc. Zool. Soc. Lond., 1881,21 ; type Melanostigma gelatinosum Giinther.)

Allied to Gymnelis ; "technically distinguished by the much more elongate teeth,

which in the jaws, as well as on the vomer and palatines, stand in single series."

Gill openings much smaller than in related forms, reduced to a small foramen above

the base of the pectoral. Skin loose and movable, as in Liparis, enveloping the ver-

tical fins
;
pectorals very small ; ventrals, none. Body tapering very rapidly backward;

the tail very slender. Deep sea. (MaAai, black; drty/ua, spot.)

Melanostigma gelatinosum Giinther.

Purplish above ; sides grayish, marbled with darker, the end of the tail almost black.

Head large, deep, compressed; the snout blunt. Eye large, 3^ in head, longer than
snout. Cleft of mouth oblique, the maxillary reaching a little past front of pupil,

the lower jaw not projecting. Inside of mouth, gill openings and vent black. Dor
sal beginning above middle of pectoral, low in front, becoming higher than the part

of the body below it posteriorly. Head 6£. Deep waters of the Atlantic ; Martha's

Vineyard ; Straits of Magellan.

(Giinther, Proc. Zool. Soc. London, 1881, 21 ; Goode & Bean, Bull. Comp. Zool.,

XIX, 1883, 209.)
4 1 suggest the provisional name Cerdalidce for two closely related genera, Cerdale

Jordan & Gilbert, and Microdesmus Giinther, which seem to be allied to the Lycodidm,

differing in the small, slit-like gill openings and in the non-isocercal tail. The three

known species are scantily represented in collections, and until their osteology is ex-

amined we cannot be sure as to their relation to the Lycodido3, Congrogadidw, and
BrotuUdce.

" Microdesmus Giinther.

Giinther, Proc. Zool. Soc, London, 1864, 26 ; type Microdesmus dipus Giinther.)

Body anguilliform, covered with rudimentary scales. Head small, with short snout

and small mouth; lower jaw projecting. Teeth minute, in jaws only. Gill opening
reduced to a very narrow, somewhat oblique slit, in front of lower part of pectorals.

Vertical fins well developed, the dorsal and anal joined to the caudal by a thin mem-

S. Mis. 70 58
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Family CXLL—CONGROGADID^. (1.16)

510.- SCYTALISCUS > Jordan & Gilbert, (431)

1523. Scytaliscus cerdale Jordan & Gilbert. A. (121?)

Family CXLIL—FlERASFERID^. (117)

511—FIERASFER Cuvier. (432)

1524. Fierasfer dubius 2 Putnam. P.W. (1218)

Family CXLIIL—OPHIDIID^. (118)

512.—OFHIDION Linnseus. (433)

1525. Ophidion marginatum 3 Dekay. S.W. (1219,1220).

1526. Ophidion holbrooki Putnam. W. (1221)

1527. Ophidion beam 4 Jordan. W. (1221 b.)

513.—OTOPHIDIUM* Gill. (433 6.)

1528. Otophidium taylori Girard. C. (1222)

1529. Otophidium omostigma Jordan & Gilbert. W. (12236.)

514.—LEPTOPHIDIUM Gill.

1530. Leptophidium profundorum Gill. W. B. (1223)

Family CXLIV.—BROTULID^.6 (119)

515.—BYTHITES Reinbardt. (434)

1531.—Bythites fuscus Reinbardt. G. (1224)

brane. Tail not isocercal. Rays of dorsal all articulate ; all but a few of the last

simple. Ventral fins very small, reduced to a single ray. Pectorals moderate. Vent

normal. Pacific coast of tropical America. (MixpoS, small] Ssd/ioS, a baud.)

Microdesmus dipus Giinther, 1. c.

Gulf of California to Panama. The two remaining species of this family, Micro-

desmus retropinnis and Cerdale ionthas, both from Panama, are described by Jordan &
Gilbert, Bull. U. S. Fish Comm.. 1881,331.

1 Scytaliscus Jordan & Gilbert.

Proc. U. S. Nat. Mus., 1883, 111 ; name a substitute for Scytalina, preoccupied in Cole-

optera as Scytalina Erichson. It is doubtful whether this genus is really an ally of

Congrogadus.

^Fierasfer dubius Putnam == Fierasfer arenicola Jordan & Gilbert, Proc. U. S. Nat.

Mus., 1881, 363. Mazatlan. See Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 629.

Ophidium josephi Girard and Ophidium graellsi Poey (not of Jor. & Gilb.) seem to

be identical with 0. marginatum.

* The species described in the Synopsis as Ophidium graellsi should stand as Ophi-

dion beani Jordan & Gilbert. See Proc. U. S. Nat, Mus., 1883, 143.

6 Otophidium Gill, gen. nov.

Type Genypterus omostigma Jordan & Gilbert. This genus differs from Ophidium in

the presence of a sharp concealed spine on the opercle. The typical species has been

wrongly referred to Genypterus.

6 The Brotuline genera (Bythites and Dinematichthys) have been erroneously placed

in the Synoposis among the Gadidw. For the characters of the Brotulidw see Gill,

Proc. Ac. Nat. Sci. Phila., 1863, 252; 1864, 200, and 1884, 169, 175. These fishes are

certainly much nearer the Ophidiidw, or even the Lycadidat, than the Gadidas.
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516.—DINEMATICHTHYS Bleeker. (435)

§ Brosmophycis Gill.

1532. Dinematichthys marginatus Ayres. C. (1225)

1533. Dinematichthys ventralis 1 Gill. P.

517—BARATHRODEMUS 2 Goode & Bean.

1534. Barathrodemus manatinua Goode & Bean. B.

518.—DICROLENE 3 Goode & Bean. B.

1535. Dicrolene intronigra Goode & Bean. B.

1 Brosmophycis ventralis Gill, Proc. Ac. Nat. Sci. Phila., 1863, 253. Cape San Lucas,

southward.
2 Barathrodemus Goode & Bean.

(Goode & Bean, Bull. Mus. Comp. Zool., XIX, 1883, 200; type Barathrodemus man-

atinus G. & B.

)

Body brotuliform, much compressed ; head compressed ; mouth moderate. Head
unarmed, except for a short flattened spine at upper angle of opercle. Snout long,

projecting far beyond premaxillaries, its tip much swollen
;
jaws subequal in front.

Teeth minute, in villiform bands on jaws, vomer and palatines. No barbels. An-

terior nostrils on the outer angles of the dilated snout, circular, each surrounded by
a cluster of mucous tubes. Posterior nostrils above front of eye. Gill openings

wide, the membranes not united. Gill-rakers rather few. Body and head covered

with small, thin, scarcely imbricated scales. Dorsal and anal long. Caudal fin

separate, long, and slender. Ventrals close together, far in front of pectorals, each

reduced to a single bifid ray. Deep-sea fishes. (/3dpaQpov, a gulf or deep abyss;

dfjuoi, people.)

Barathrodemus manaiinus Goode & Bean.

Grayish brown ; abdomen black. Snout longer than eye, its form resembling that

of the manatee. Maxillary reaching to opposite front of eye, its length 2\ in head.

Eye 5£ in head. Insertion of dorsal above that of pectoral. Ventrals inserted nearly

below middle of opercle, their length half head. Head 6 ; depth 1\. D. 106 ; A. 86;

C -f 5 + ; Lat. 1. 175. Gulf Stream, latitude 33°. (Goode $ Bean.)

(Goode & Bean, Bull. Mus. Comp. Zool., XIX, 1883, 200.)

3 Dicrolene Goode & Bean.

(Goode & Bean, Bull. Mus. Comp. Zool., 1883, 202, XIX ; type Dicrolene introniger

G. & B.)

Body brotuliform, moderately compressed ; head somewhat compressed, the mouth
large ; tip of maxillary much dilated. Eye large, placed high. Head with supra-

orbital spines ; several strong spines on the preopercle and one long spine at upper

angle of opercle. Snout short, not projecting
;
jaws subequal. Teeth in narrow,

villiform bands on jaws, head of vomer, and on palatines. No barbel. Gill mem-
branes separate. Caudal fin small, separate. Dorsal and anal fins long. Pectoral

with several of its lower rays separate and very much produced. Ventrals close

together, under front of operculum, each composed of a single bifid ray. Head and

•body covered with small scales. Lateral line incomplete. Stomach siphon a 1

;

pyloric caeca rudimentary; intestine short. Deep water. (Aiupoo 5, forked; <k>\£vr],

arm.)

Dicrolene introniger Goode & Bean.

Opercular spine with its exposed portion half as long as eye, which is as wide as

interorbital space, and 4 in head. Mouth large, the maxillary extending beyond eye,

its length considerably more than half head ; width ofexpanded tip of maxillary J eye.

Boues of head with large muciferous cavities. Length of caudal half distance from
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519.—BASSOZETUS Gill. »

1536. Bassozetus normalis Gill. B.

Family CXLV.—GADIDiE. (120)

520.—RHINONEMUS Gill.

1537. Rhinonemus cimbrius Linnaeus. N. Eu. (1226)

521—ONOS 2 Risso. (436)

1538. Ouos reinhardti Kroyer. G. (1227)

1539. Onos ensis Reinhardt. G. (1228)

1540. Onos rufus* Gill. B.

1541. Onos septentrionalis 4 Collett. G. Eu.

snout to front of dorsal. Eight lower rays of pectorals free, much prolonged, the

longest and most anterior being nearly one-third length of body and more than three

times length of the nearest of the normal rays, which are, however, about equal to

the least of the free rays ; normal rays of pectorals 4 in body. Head 5 ; depth 6. D.

100; A. ca. 85, C. 7; P. 19 + 7 ; Lat. 1. ca. 115. Gulf Stream, latitude 34°. (Goode

<f Bean.)

(Goode & Bean, 1. c. 202.)
1 Bassozetus Gill.

(Gill, Proc.U. S. Nat., Mus., 1883, 259 ; type Bassozetus normalis Gill.)

" Dinematichthyine brotulids with a slender body ; a narrow differentiated caudal

fin ; anus about a third of the total length from the snout ; small eyes, and unarmed

head and shoulders." Deep sea. (fidddoav, deep; Srftcov, seeker.)

Bassozetus normalis Gill. Deep water; latitude 39°.

(Gill, I.e. 259.)

The descriptions, generic and specific in this paper, " Diagnoses of new Genera

and Species of Deep-sea Fish-like vertebrates," are among the most brief and unsatis-

factory in our ichthyological literature. This paper, by a most able and competent

ichthyologist, from the brief and superficial character of its descriptions, is likely to

cause great confusion in the study of the Bassalian fauna of the Atlantic, unless soon

followed by accurate and sufficient descriptions.

3 " The Lotinas, and apparently the Oninw, have doubled or paired frontals. * * *

It seems probable that they may be segregated in a peculiar family." Gill, Proc. Ac.

Nat. Sci. Phila., 1884, 172.

3 Onos rufus Gill.

Color in life almost uniform salmon or brick-red ; barbels three ; enlarged dorsal

ray not shorter than head ; some enlarged brown-colored teeth developed in the ex-

terior row. Closely allied to O. ensis, but apparently different in color. Deep sea,

latitude 40°. (Gill.)

(Gill, Proc. U. S. Nat. Mus., 1883, 259.)

4 Onos septentrionalis Collett.

Three barbels, two at the nostrils, one at the chin, besides a row of about eight

shorter rudimentary barbels along the edge of the upper lip ; eye small, half length

of snout ; cleft of mouth extending far beyond eye, its length nearly equal to that of

]>ostorbital part of head ; teeth rather small, unequal; outer teeth of upper jaw and

some of the inner teeth of lower enlarged ; first ray of first dorsal short, about as

long as snout; vent midway between tip of snout and last anal ray; lateral line

with about 20 large pores, grayish brown, paler below ; cavity of mouth white. D.

50; A. 42; P. 16. Coast of Norway; one specimen known from Greenland. (Col-

lett.)

(Motella septentrionalis Collett, Ann. Mag. Nat. Hist., 15, 82, 1874 ; Onos septentrionalis

Collett, Norske Nord-Havs Exped., 1880, 139.)
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522.—LOTA Cuvier. (441)

1542. Lota lota maculosa Le Sueur. Vv. En. (1236)

523.—PHYCIS Blocli & Schueider. (437)

1543. Phycis regius Walbaum. N. S. (1229)

1544. Phycis floridanus 1 Beau & Diesel. S.

1545. Phycis earlli Bean. S. (1230)

1546. Phycis chuss Walbaum. N. (1231)

1547. Phycis tenuis Mitchill. N- (1232)

1548. Phycis chesteri Goode & Bean. B. (1233)

524.—LiBMONEMA 2 Gunther.

1549. Laemonema barbatula Goode & Bean. B.

525.—ANTIMORA3 Guntber. (438)

1550. Antimora viola Goode & Bean. B. (1233 6.)

1 Phycis floridanus Bean & Dresel.

In general appearance it resembles P. regius, differing from this in its smaller

scales and more numerous dorsal rays. Tbe greatest heigbt is one-fifth of the total

length to caudal base, and equals four-fifths of the length of head. Head 4 times iu

length to caudal base ; eye slightly less than snout, 5 times in length of head ; max-

illa slightly less than mandible, one-half length of head. First dorsal not produced

;

ventral about five-fourths length of head : pectoral equal to head in length.' Dorsal

13, 57 ; Anal, 49. Scales between first dorsal and lateral line in nine or ten rows

;

about 120 scales in the lateral line ; L. 7£ inches. Pensacola. {Bean 4' Dresel.)

(Bean & Dresel, Proc. Biol. Soc. Wash., 1884, 100.)

2 Laemonema Giinther.

(Gunther, IV, 356, 1862; type Phycis yarrelli Lowe.)

This genus is scarcely distinct from Phycis, differing chiefly in the character of the

first dorsal, which is composed of five rays only, the anterior ray being filamentous.

Deep water. (Aai/uoS, throat; vfj^ia, thread.)

Laemonema barbatula Goode & Bean.

Color of species of Phycis; dorsal and aual with narrow black margins. Eye 3 in

head ; upper jaw a little more than 2 ; barbel half as long as eye ; vent under 6th ray

of spinous dorsal ; first ray of first dorsal elongate, about 3 times length of caudal,

about reaching 24th ray of second dorsal. Distance from snout to front of anal

twice length of head ; ventrals as long as pectorals, not reaching vent ; scales small,

very thin, deciduous. D. 5-63. A. 59. P. 19. V. 2. Scales 13-140, 31. L. 7 inches.

Gulf Stream, latitude 32°, in deep water. (Goode 4' Bean.)

(Lmmonema barbatula Goode & Bean, Bull. Mns. Comp. Zool., XIX, 204.)
3 Haloporphyrus viola belongs to the subgenus Antimora (Gunther, Ann. Mag. Nat.

Hist., 1878, 2; type Haloporphyrus rostratus Gunther). This group differs from Halo-

porphyrus " iu the form of the snout, the backward positiou of the vent, the imperfect

division of the anal, in which latter respect it approaches Mora." In Haloporphyrus

the snout is subcorneal, obtusely rounded; in Antimora it forms a flat, triangular

lamina, sharply keeled at the sides, resembling the snout of Macrurus. The diagnosis

of Haloporphyrus given in the Synopsis (p. 800) applies to Antimora and not to Halo-

porphyrus.

In the very brief description of Haloporphyrus rostratus Gunther, 1. c. (from the mid-

Atlantic east of Rio de la Plata), there is nothing by which our species can be

distinguished from it. It is probable that the two will prove identical. A. rostrata

has five months' priority in date over A. viola.
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526.—PHYSICULUS 1 Kaup. (439)

1551. Physiculus fulvus Bean. B.

527—LOTELLA2 Kaup.

1552. Lotella maxillaris Beau. B.

528.—MOLVA Nilsson. (440)

1553. Molva molva Linnaeus. G. En. (1235)

529.—BROSMIUS Cuvier.

1554. Brosmius brosme Miiller. N. G. Eu. (1237)

530.—MELANOGRAMMUS 3 Gill.

1555. Melanogrammus aeglefinus Linna?us. N. G. Eu. (1238)

531.—GADUS Linnaeus. (443)

1556. Gadus callarias Linnaeus. N. G. A. Eu. (1239)

1557. Gadus ogac * Richardson. G.

532.—FLEUROGADUS 6 Bean.

1558. Pleurogadus navaga Kolreuter. A. (1240)

533—MICROGADUS Gill.

1559. Microgadus proximus Girard. C. (1241)

1560. Microgadus tomcod Walbaum. N. (1242)

534.—POLLACHIUS Nilsson.

§ Pollachius.

1561. Pollachius virens Linnaeus. N. En. (1243)

1562. Pollachius chalcogrammus Pallas. A. (1244)

§ Boreogadus Giinther.

1563. Pollachius saida Lepechin. G. A. Eu. (1245)

1 Physiculus dalwigkii was included in the Synopsis on the basis of an erroneous

identification. It should be omitted. A species of Physiculus has, however, been

recently found. Physiculus fulvus Bean, Proc. U. S. Nat. Mus., 1884, 240. Gnlf

Stream, latitude 40,° iu 76 fathoms.

2 Lotella Kaup.

(Kaup, Wiegruanu's Archiv, 1858, 88; type Lotella schlegeli Kaup.)

This genus differs from Physiculus chiefly in the presence in both jaws of an outer

row of large teeth. Deep sea. (Name, a diminutive of Lota.)

Lotella maxillaris Beau, Proc. U. S. Nat. Mus., 1884, 241. Gulf Stream, latitude 40°.

3 It seems best to regard the different sections of Gadus, as given in the Synopsis,

as distinct genera. Melanogrammus, especially, is well distinguished by the swollen

form of the bones of the shoulder girdle.

* For description of Gadus ogac, which is regarded by Mr. Dresel as a valid species,

see Dresel, Proc. U. S. Nat. Mus., 1884, 246.

(Gadus ogac Richardson, Fauna Bor.-Amer., Ill, 1836, 246. Greenland.
b Pleurogadus Bean, nom. gen. nov. to be substituted for Tilesia, preoccupied. Type

Gadus navaga Kolreuter= Gadus gracilis Tilesius. (Beau.)



[131] CATALOGUE OF THE FISHES OF NORTH AMERICA. 919

535.—HYFSICOMETES Goode. B. (444)

1564. Hypsicometes gobioides Goode. B. (1246)

536.—MERLUCIUS Rafinesque. (445)

1565. Merlucius bilinearis Mitchill. N. (1247)

1566. Merlucius merlucius Linnaeus. G. Eu. (1248)

1567. Merlucius productus Ayres. C. (1249)

Family CXLVL—MACRURID^. (121)

537.-MACRURUS Bloch. (447)

1568. Macrurus berglax 1 Lac^pede. G. Eu. B. (1251)

1569. Macrurus acrolepis 2 Bean. A.

1570. Macrurus carminatus Goode. B. (1252)

1571. Macrurus bairdii Goode & Bean. B. (L253)

1572. Macrurus asper 3 Goode & Bean. B.

538—CORYPELSJNOIDES Gunner (448)

1573. Coryphaenoides rupestris Gunner. G. B. (1254)

1574. Coryphaenoides carapinus 4 Goode & Bean. B.

1 Macrurus berglax Lacepede = Macrurusfabricii Sundevall. To the synonymy add :

(Macrurus berglax Lace"pede, Hist. Nat. Poiss., based on Macrurus rupestris Bloch, not

of Gunner ; the synonymy confused with that of Coryphaenoides rupestris, which is

called " Berglax" ("Rock-Salmon") by Strom.
2 Macrurus acrolepis Bean.

Form of M. berglax; width of head f its height; interorbital width J eye, which is

3qual to length of snout, and nearly 4 in head ; snout moderate, pointed; maxillary

a little more than i head ; second ray of dorsal serrated ; distance of anal from snout

2^ in body
;
pectoral nearly half head ; ventral 8 in total length. Head, 4|. Depth, 7.

D. II, 11, III +. A. 94 +; 7 rows of scales between lateral line and front of dorsal.

L. 2£ feet. Straits of Juan de Fuca. A specimen obtained from the stomach of a

seal by Mr. J. G. Swan. (Bean.)

(Bean, Proc. U. S. Nat. Mus., 1883, 362.)

3 Macrurus asper Goode & Bean.

Dark reddish brown, the spinuleswith a metallic luster; stouter than in If. bairdii;

scales small, strong, their free portions covered with vitreous spines in about 7 rows,

;he middle row not forming a keel, though projecting backward most strongly; in-

terorbital with a little more than length of eye, 4| in head ; snout triangular, de-

pressed; upper ridge prominent anteriorly, ending in advance of concavity of inter-

orbital space; lateral ridges prominent, continued behind the eye; barbel shorter

than eye; cleft of mouth reaching to below posterior margin of orbit; second spine

of dorsal nearly two-thirds head, not reaching front of soft dorsal when depressed;

anal three times as high as second dorsal ; vent at a distance from ventral much

greater than length of ventral. D. 11,8-105. A. 110. P. 20. V. 10. Scales 7-150-18.

Gulf Streiim, south of New England.

(Goode & Bean, Bull. Mus. Comp. Zool., Vol. X, No. 5, 1883, 196.)

^Corypliamoides carapinus Goode & Bean.

Scales oval, membranous, without armature, rather large, 22 to 24 in a transverse

series. Second ray of dorsal compressed and serrate, as long as head ; soft dorsal

inserted on a lump-like elevation of the back. Vent nearly below end of first dorsal.

Snout acute, projecting beyond the mouth a distance equal to diameter of eye, which

is about 4 in head. Bones of head very soft and flexible ; surface of head very irreg-
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539.—CHALINURA 1 Goode & Beau.

1575. Chalinura Simula Goode & Beau. B.

Order AA.—HETEROSOMATA. (U)

Family OXLVIL—PLEUKONECTID^. (122)

540.—BOTHUS Rafinesque. (449)

1576. Bothus maculatus Mitchill. N. (1255)

541—PLATOPHRYS- Swainson.

1577. Platophrys leopardinus 3 Giiuther. P.

1578. Platophrys nebularis 4 Jordan & Gilbert. S.

idar ; a very prominent subocular ridge ; a prominent ridge from tip of snout to

middle of interorbital space ; a curved ridge from front of eye above to a poiut on

side of snout just behind its tip. Maxillary extending to opposite posterior margin
of pupil, its length half head without snout. Iuterorbital space equal to length of

upper jaw. Head 6. D. 11,8-100. A. 117. V. 10. Gulf Stream, lat. 40°, in deep

water. (Goode cf Bean.)

(Goode & Bean, Bull. Mns. Comp. Zool., Vol. X, No. 5, 197, 1883.)
1 Chalinura Goode & Bean.

(Goode & Bean, Bull. Mus. Comp. Zool., Vol. X, No. 5, 1883, 198; type, Chalinura

Simula. )

Scales cycloid, fluted longitudinally, with slightly radiating striae. Snout long,

broad, truncate, not much produced. Mouth lateral, subtermina.1, very large. Head
without prominent ridges except the subocular ones and those upon the suout. Sub-

orbital ridge not reaching angle of preopercle. Teeth in the upper jaw in a villiform

band, those of the outer series much enlarged, those of the lower jaw uniserial, large.

No teeth on vomer or palatines; small pseudobranchiae present. Gill-rakers spiny,

strong, depressible,in double series on anterior arch. Gill membranes apparently free

from the isthmus. Ventrals below the pectorals ; chin with a barbel. Vertical fins

as in Coryphosnoides. Deep-sea fishes. (XaXivoi, rein ; ovpa, tail.)

Chalinura Simula Goode & Bean.

Form of Coryphojnoides. Snout broad, obtuse, scarcely projecting beyond the

mouth ; its width at the tip nearly equal to its own length or to the interorbital

width. Eye 5 in head, as long as snout
;

preopercle emargiuate behind. Second

spine of dorsal serrate; ventral prolonged in a filament which reaches 18th ray of

anal. Head 5*; depth 6f. D. II, 9-113. A. 118. P. '20. V.9. Gulf Stream, about

latitude 40°. ( Goode $ Bean. )

(Goode & Bean, 1. c, 1883, 199.)

2 Platophrys Swainson.

(Bhomboidichthys Bleeker).

(Swainson, Nat. Hist. Class'n Fishes, etc., 1839, II, 302; type Bhombus ocellatus

Agassiz.)

Eyes and color on the left side. Body ovate, strongly compressed ; mouth of the

large type, but comparatively small ; the maxillary one-thi id or less of the length of the

head; teeth small, subequal, in one or two series; no teeth on vomer or palatines.

Interorbital space broad and concave, usually broadest in adult males. Gill-rakers

moderate. Dorsal fin beginning in front of eye ; all its rays simple ; ventral of col-

ored side on ridge of abdomen ; caudal convex behind
;
pectoral of left side usually

with one or more filamentous rays, longest in the male. Scales very small (in Amer-

ican species) ; lateral line with a strong arch in front. Coloration usually variegated.

Species numerous in warm seas. (IJXavvi, broad ; axppvi, eyebrow.)
3 Bhomboidichthys leopardinus Giiuther, IV, 34 ; Parophrys leopardinus Jordau & Gil

bert, Proc. U. S. Nat. Mus. , 1884, 260. Guaymas.
* J'latophrys nebularis Jordan & Gilbert, Proc. U. S. Nat. Mus., 1884,31. Key West;

(Jordau) ; Loug Island (Beau).
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542.—CITHARICHTHYS Bleeker.

§ Aramaca 1 Jordan & Goss.

1579. Citharichthys ocellatus Poey. W. (1256 6.)

1580. Citharichthys paetulus Goode & Beau. W. (1256)

§ Hemirhomhus Bleeker.

1581. Citharichthys ovalis 2 Giinther. P.

$ Citharichthys.

1582. Citharichthys panamensis 3 Steindachner. P.

1583. Citharichthys sordidus Girard. C. (1257)

1584. Citharichthys stigmaeus Jordan & Gilbert. C. (1257 6.)

1585. Citharichthys spilopterus Giinther. S. W. P. (1258)

1586. Citharichthys macrops Diesel. S.

1587. Citharichthys arctifrons Goode. B. (1259)

1588. Citharichthys unicornis Goode. B. (1260)

1589. Citharichthys microstomus 4 Gill. N. (1261)

543.—ETROPUS Jordan & Gilbert. (461)

1590. Etropus crossotus Jordan & Gilbert. S.P. (1296)

544.—HIPPOGLOSSUS Cuvier. (451)

1591. Hippoglossus hlppoglossus Linnaeus. N. G. A. Eu. (1261)

545.—REINHARDTIUS 5 Gill. (452)

1592. Reinhardtius hippoglossoides Walbanm. G. (1262)

546.—ATHERESTHES Jordan & Gilbert. (453)

1593. Atheresthes stomias Jordan & Gilbert. C.A. (1263)

547.—PARALICHTHYS Girard. (454)

1594. Paralichthys adspersus 6 Steindachner. P.

1595. Paralichthys californicus Ayres. C. (1264)

1Aramaca Jordan& Goss, sub-genus nova, type Hemirhomhuspoztulus Bean. This group

includes species which have the broad, concave interorbital space, elongate pectorals,

and other characters of Platophrys, but are without arch in the lateral line, as in

Hemirhomhus and Citharichthys.

2 Hemirhomhus ovalis Giinther, Proc. Zool. Soc. London. 1864, 154 ; Giinther, Fishes

Ceutr. Amer. , 1869, 472. Mazatlan to Panama.
3 Citliarichthys panamensis Steindachner, Ichth. Beitriige, 111,62,1875. Mazatlan to

Pauama.
4 Citharichthys microstomus Gill, Proc. Ac. Nat. Sci. Phila., 1864, 223. Atlantic coast.

This species, lately rediscovered by Dr. Bean, is distinct from C. spilopterus, having

a considerably smaller mouth. It approaches E. crossotus, but the latter species has

the mouth still smaller and the body deeper.

6 Beinhardtiu8 Gill, has priority over Platysomatichthys, but was proposed without

.definition or explanation.
6 Paralichthys adspersus Steindachner, Ichth. Notizen. V. 1867-9. Mazatlan to Peru.
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1596. Paralichthys dentatus ' Linnaeus. N. S. (1265)

1597. Paralichthys lethostigrna 2 Jordan & Gilbert. N. S. (1260)

1598. Paralichthys albigutta Jordan & Gilbert. S. (1267)

1599. Paralichthys squamilentus Jordan & Gilbert. S. (1268)

1600. Paralichthys oblongus Mitchill. N. (1269)

548—ANCYLOPSETTA3 Gill.

1601. Ancylopsetta quadrocellata Gill. S. (1270)

1602. Ancylopsetta dilecta 4 Goode & Bean. B.

1 Paralichthys dentatus (L.) Common Spotted Flounder, Northern Flounder.

Cape Cod to Florida, most abundant northward. The description in the synopsis

(p. 822) of P. ophryas, belongs here. From P. lethostigrna, it is especially distinguished

by the more numerous (5 + 14) gill-rakers, and by the much more spotted coloration.

The interorbital space is also narrower in specimens of the same size.

(Pleuronectes dentatus L., Syst., Nat., Ed. XII, 1766, 458, from a specimen from Dr.

Garden ; this specimen has been examined by Dr. Beau ; it belongs to the present species.

Pleuronectes melanogaster Mitchill, Trans. Lit. & Phil. Soc. N. Y., 1815, 1, 390; Pla-

tessa ocellaris DeKay, New York Fauna, Fishes. 1842, 300 ; Paralichthys ophryas Jor. &
Gilb., Syn. Fish. N. A., 822; Paralichthys ocellaris Jor. & Gilb., 1. c, 972, and Proc. U. S.

Nat. Mus. 1882, 617 ; Pseudorhombus ocellaris Giiuther, IV, 430.

)

2 Paralichthys lethostigrna Jordan and Gilbert.

Cape Cod to Florida and Texas, most abundant southward. Darker and more uni-

form in color than the true dentatus, the gill-rakers smaller and fewer (2 + 10) and
the interorbital space broader.

(Platessa oblonga DeKay, New York, Fauna, Fish., 1842, 299, not Pleuronectes oblongus

Mitchill ; Pseudorhombus dentatus and oblongus Gunther, IV, 425, 426, Paralichthys

dentatus Jor. & Gilb., Synopsis 822, and Proc. U. S. Nat. Mus. 1882, 617; Paralichthys

lethostigrna Jordan & Gilbert, Proc. U. S. Nat. Mus. 1884, 237. The original type

of P. dentatus examined by Dr. Bean in London proves to belong to the species hav-

ing numerous gill-rakers.

3 It seems more natural to regard Ancylopsetta and Xystreurys as genera distinct from

Paralichthys. Notosema Goode & Bean (dilecta) seems scarcely different from Ancy-

lopsetta.

4 Ancylopsetta dilecta (Goode & Bean).

Dark brown, speckled with darker; three large, subcircular ocellated spots, nearly

as large as eye, with white center, dark iris, narrow dark margin, and a brown en-

circling outline. These spots arranged in an isosceles triangle, the apex on the lat-

eral line, the others distant from the lateral line a distance equal to their own di-

ameter ; the lower near tip of ventral. Fins blotched with darker brown. Right

side white. Body elliptical, the caudal fin pedunculate ; mouth moderate, the max-
illary 2i in head ; teeth uuiserial, those in frout much largest. Eye large, 3 in head,

the interorbital space very narrow. Gill-rakers subtriangular, moderately numer-

ous. Pectoral fins unequal, the left 5^ in body. Ventral of colored side much pro-

duced, more than three times length of right ventral. First eight rays of dorsal ex-

serted, forming a somewhat separate division, the second and third longest half

greatest depth of body. Scales small, highly ctenoid. Head 3| ; depth 2. D. 69

;

A. 56; P. 11; V. 6; lat. 1. 48 (in straight portion). Gulf Stream, off the Carolina

coast. (Goode & Bean.)

(Notosema dilecta Goode & Bean, Bull. Mus. Comp. Zool., XIX, 193.)

The genus Notosema is distinguished from Paralichthys' " on account of its elonga-

ted ventral fin, the triangular elongation of the anterior rays of the dorsal and the

highly ctenoid character of the scales on the colored side of the body." These char-

acters are all, however, of degree only, and all exist in Ancylopsetta quadrocellata.
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549.—XYSTRBURYS Jordan & Gilbert.

1603. Xystreurys liolepis Jordan & Gilbert. C. (1271)

550 —HIPPOGLOSSINA' Steindachner. (455)

1604. Hippoglossina macrops Steindachner. P.

551.—HIPPOGLOSSOIDES Gottsche. (456)

§ Eopsetta2 Jordan & Goss.

1605. Hippoglossoides jordani Lockington. C. (1274)

§ Hippoglossoides.

1606. Hippoglossoides platessoides Fabricius. N. G. En. (1272)

1607. Hippoglossoides elassodon Jordan & Gilbert. C. A. (1273)

§ Lyopseita 3 Jordan & Goes.

1608. Hippoglossoides exilis Jordan & Gilbert. C. A. (1275)

552.—PSETTICHTHYS Girard.

1609. Psettichthys melanostictus Guard. C. (1276)

553.—PLEURONICHTHYS Girard. (456)

1610. Pleuronichthys decurrens Jordan & Gilbert. C. (1277)

1611. Pleuronichthys verticalis .Jordan & Gilbert. C. (1278)

1612. Pleuronichthys ccenosus Girard. C.A. (1279)

554—HYPSOPSETTA Gill. (457)

1613. Hypsopsetta guttulata Girard. C. (1280)

555.—PAROPHRYS Girard.

L614. Parophrys vetulus Girard. C.A. (1281)

556.—ISOPSETTA Lockington.

§ Isopsetta.

(.615. Isopsetta isolepis Lockington. C. (1282)

1 Hippoglossina Steindachner.

(Steindachner, Ichth. Beitr. V, 13, 1876; type Hippoglossina macrops Steindachner.

)

This genus is very close to Paralichthys, differing chiefly in the dentition, the teeth

. eing small and uniform in size, arranged in a single row. The scales are ctenoid,

'j he eyes are unusually large in the single known species, which bears a remarkable

rusemblance to Hippoglossoides jordani. The lateral line is however anteriorly arched

in Hippoglossina, but straight in the latter species. (Name a diminutive of Hippo-

glossus.)

Hippoglossina macrops Steindachner, 1. c. Mazatlan, probably from rather deep water.

- Eopsetta Jordan & Goss, subgenus nova, for Hippoglossoides jordani Lockington

,'?;uS, excellent ; ipfjrva, flounder), characterized by the biserial upper teeth and by
other peculiarities.

3 Lyopseita Jordan &. Goss, subgenus nova, for Hippoglossoides exilis Jordan & Gilbert

(Xvgo, to loosen ; iprjrra, flounder), characterized by the large, loose scales, biserial

upper teeth, and feeble structure.
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§ Inopsetta 1 Jordan & Goss.

1616 Isopsetta ischyra Jordan & Gilbert. A. (1283)

557—LEPIDOPSETTA Gill.

1617. Lepidopsetta bilineata Ayres. C. A. (1284)

558.—LIMANDA Gottsche.

1618. Limanda ferruginea Storer. N. (1285)

1619. Limanda aspera Pallas. A. (1286)

1620. Limanda beam' Goode. B. (1287)

559.—PLEURONECTES- Linmeus. (458)

§ Platichthys Girard.

1621. Pleuronectes stellatus Pallas. A. 0. (1288)

§ Pleuronectes.

1622. Pleuronectes quadrituberculatus Pallas. A. (1289)

1623. Pleuronectes glaber Storer. N. (1290)

1624. Pleuronectes glacialis Pallas. A. (1291)

§ Pseudopleuronectes Bleeker.

1625. Pleuronectes americanus Walbaum. N. (1292)

560.—GLYPTOCEPHALUS Gottsche. (459)

1626. Glyptocephalus cynoglossus Linnaeus. N. Eu. B. (1293)

1627. Glyptocephalus zachirus Lockington. C. (1294)

561.—CYNICOGLOSSUS Bonaparte. (460)

1628. Cynicoglossus paciflcus Lockington. C. A. (1295)

562—DELOTHYRIS 3 Goode. (462)

1629. Delothyris pellucidus Goode. B. (1296)

563.—MONOLENE Goode. (463)

1630. Monolene sessilicauda Goode. B. (1298)

1 Inop8etta Jordan & Goss, subgenus nova, type Parophrys ischyrus Jordan & Gilbert.

(It, sinew; ipifrra, flounder.) This fish is allied to Pleuronectes stellatus, but has an

accessory dorsal branch to the lateral line as in Isopsetta isolepis, from which it diners

in form, and in the rough, loosely imbricated scales.

2 The genus Pleuronectes as retained in the Synopsis, is unnatural, species very

diverse in their characters being retained in it. I have, therefore, here recognized

its chief constituents as distinct genera. Parophrys, Isopsetta, Lepidopsetta, and

Limanda seem certainly worthy of such recognition. Possibly Platichthys, lnopsetta

and Pseudopleuronectes, also, are worthy of such retention.

3 Delothyris Goode.

(Goode, Proc. U. S. Nat. Mus. 1883, 110 ; type Thyris pellucidus Goode ; name a

substitute for Thyris, preoccupied ; SfjXoS, clear; Ovpii, window.) We have no doubt

that this is a larval form, possibly of some fish as yet unknown, allied to Citharichthys.

Small transparent flounders having all the characters of Delothyris, but less elongate

than D. pellucidus, have been taken by the writer at Key West. These are thought

to be larva} of some Platophrys or Citharichthys.
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Family CXLVIIL—SOLEID^E. (123)

564.—ACHIRUS Lace"pede. (464)

§ BcBostoma 1 Bean.

1631. Achirus brachialis Bean. S. (1299 c.)

1632. Achirus comifer 2 Jordan & Gilbert. W.
1633. Achirus mazatlanus 3 Steindachner. P.

1634. Achirus inscriptus 4 Gosse. W.

§ Achirus.

1635. Achirus achirus 5 Linnaeus. W. S. (12995.)

1635 b. Achirus achirus mollis Mitchill. N. (1299)

565.—APHORISTIA Kaup. (465)

1636. Aphoristia atricauda Jordan & Gilbert. C. (1300)

1637. Aphoristia plagiusa LinnaBUB. S. (1301)

1638. Aphoristia nebulosa 6 Goode & Bean. B.

1 Bceostoma should probably be regarded as a subgenus of Achirus rather than as a

distinct genus. Among the numerous species, the pectoral of the right side is found

in every degree of development. In some species, a small pectoral is found on the

left side in some specimens, while it is wanting in others. Still other species have
also two pectorals developed.

2 Achirus comifer Jordan & Gilbert, Proc. U. S. Nat. Mus. , 1884, 31 . Key West.
3 Solea mazatlana Steindachner, Ichth. Notizen. IX, 1869, 23 (July)= Solea (Monochir)

pilosa Peters, Berliner Monatsber., 1869, 709 (August). Mazatlan, southward.
4 Achirus inscriptus Gosse.

Olivaceous, covered with an irregular network of blackish lines ; this network
rather finer on the head ; some specimens crossed by irregular but nearly straight

vertical lines ; others without traces of these ; dorsal and anal colored like the body,

rather darker, with a paler edge; caudal abruptly whitish, immaculate; blind side

immaculate, darker on the fins ; hair-like appendages whitish ; scales about head

enlarged and fringed, especially on blind side ; lip of eyed side much fringed ; inter-

orbital width less than eye ; upper eye slightly in advance of lower ; right pectoral

of three rays, the middle one somewhat longer than the others ; left ventral of one or

two very small rays often entirely absent ; right side with scattered cilia, which are

mostly whitish ; ventrals 5-rayed, the right ventral joined to the anal; head, 3f

;

depth, If ; D.,54 ; A., 40; lat. l.,75 to 80. West Indies, north to Key West.

(Achirus inscriptus Gosse, Naturalist's Sojourn Jamaica, 52 ; Solea inscripta Giinther,

IV, 473 ; Monochir reticulatus Poey, Memorias Cuba, II, 1861, 317 ; Solea reticulata Giin-

ther, IV, 472 ; Achirus inscriptus Jordan, Proc. U. S. Nat. Mus., 1884, 143.)
s The name Pleuronectes achirus L. (Achirus fasciatus Lac.) was based on specimens

from Surinam ; the name Pleuronectes lineatus on the figures of Brown and Sloane of

fishes from Jamaica. If, therefore, the West Indian form is considered distinct from

the northern one, the former must be Achirus achirus or Achirus lineatus, and the latter

must take Mitchill's name, il mollis." If considered as varieties of one species, the

West Indian form has the prior names.
6 Aphoristia nebulosa Goode & Bean.

Grayish, everywhere mottled with brown ; median keel on each scale dark and

prominent. Body comparatively slender ; scales small, rough
;
jaws and snout naked

;

interorbital space with one row of scales. Teeth small, apparently equally developed

on both sides. Ventral well separated from anal, its longest ray 3 in head. Head 5$

;

depth 4$, D. 119, A. 107, P. O. V. 5. Scales 120-50. L. 3£ inches, Gulf Stream, off

the coast of Carolina. (Goode $ Bean.)

(Goode & Bean, Bull. Mus. Comp. Zool., XIX, 1883, 192),
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Order BB.—PEDICULATI. (V.)

Family CXLIX.—LOPHIID^. (124)

566—LOPHIUS Linnaeus. (466)

1639 Lophius piscatorius Linnseus. N. Eu. (1302)

Family CL.—ANTENNAEIID^. (125a.)

567.—PTEROPHRYNOIDES Gill. (4665.)

1640. Pterophrynoides histrio Linnseus. S. O. (1303)

560—ANTENNARIUS Laccpede. (467)

1641. Antennarius annulatus Gill. W. (1304)

1642. Antennarius ocellatus 1 Bloch & Schneider. W. (1305)

1643. Antennarius sanguineus 2 Gill. P.

1644. Antennarius strigatus Gill. 3 P.

569.—CHAUNAX Lowe. (468)

1645. Chaunax pictus Lowe. B. (1306)

Family CLL—CERATIID^. (125 &.)

570. —CERATIAS Kroyer. (469)

1646. Ceratias holbolli Kroyer. B. G. (1307)

571—MANCALIAS 4 Gill. (470)

1647. Mancalias uranoscopus Murray. B. (1308)

1 Lophius vesperlilio Var. ocellatus Bloch & Schneider, Syst. Ickth., 1801, 142, based

on the Pescador of Pairs,= Antennarius ocellatus Poey, Syn. Pise. Cub., 1868, 105= .4»-

tennarius pleurophthalmus Gill.

2 Antennarius sanguineus Gill, Proc. Ac. Nat. Sci. Phila., 1863, 91= Antennarius

leopardinus Giinther, Proc. Zool. Soc, London, 1864, 151. Cape San Lucas to Panama.
3 Antennarius strigatus Gill, 1. c. 92= Antennarius tenuifilis Giinther, Fish Centr

Anier. 1869, 440 = Antennarius strigatus Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882,

630. Cape San Lucas to Panama.
4The following notes on fishes similar to Mancalias were published in Forest and

Stream of Nov. 8, 1883. by Dr. Theodore Gill:

" Typhlopsaras.—Ceratiines with an elongated trunk, rectilinear back, obsolete or

no eyes, far exserted basal joint of the anterior spine and shortened terminal joint,

a small intermediate and a pair of pedunculated dorsal appendages some distance in

advance of the dorsal fin, and reduced pectoral fin with about 5 or or 6 rays.

" Typhlopsaras shufeldti,—The first joint of the rod-like spine reaches to the axil of

the dorsal fin, and the bulb to the base of the caudal fin, when the spine is bent back-

ward ; the bulb is pear-shaped and without any appendages ; the dorsal has 4 rays, the

anal 4, the caudal 8 (the median, 4 of which are forked), and there are 4 or 5 pectoral

rays. A single specimen was found. I have dedicated the species to my esteemed

friend, Dr. R. W. Shufeldt, U. S. A., the well-known ornithotomist.

"The name Typhlopsaras is a compound from the Greek tuphlos (blind) and psaras

(angler), meaning 'blind angler.'

" Cryptopsaras.—Ceratiines with shortened trunk, longitudinally convex back, small

but conspicuous eyes, concealed basal joint of the anterior spine and elongated ter-
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572.—ONEIRODES Liitken. (471)

1648. Oneirodes eschrichti Liitken. B. G. (1309)

573.—HIMANTOLOPHUS Reinhardt. (472)

1649. Himantolophus grcenlandicus Reinhardt. B. G. (1310)

1650. Himantolophus reinhardti Liitken. B. G. (1311)

Family CLIL—MALTHID^. (126)

574.—MALTHE Cuvier. (473)

1651. Malthe vespertilio Linnaeus. S. W. (1312)

1651b. Malthe vespertilio radiata 1 Mitchill. S. (1313)

1652. Malthe elater 2 Jordan & Gilbert, P.

575.—HALIEUTICHTHYS Poey. (474)

1653. Halieutichthys aculeatus Mitchill. W. (1314)

576.—HALIEUT-ZEA Cuvier & Valenciennes. (475)

1654. Halieuteea senticosa Goode. B. (1315)

Order CC.-PLECTOGNATHI. (W.)

Family OLIII.—OSTRACIID^. (476)

577—OSTRACION Linnaeus. (476)

§ Lactophrys. Swainson.

1655. Ostracion triquetmm Linnaeus. W. (1316 6.)

1656. Ostracion trigonum Linnaeus. W. (1316)

1657. Ostracion tricorne 3 Linnaeus. W. S. (1317)

niiual joint, a large intermediate globular and a pair of sub-peduuculated lateral

dorsal appendages near the front of the dorsal fin, and well-developed pectorals of

about 15 rays.

" Cryptopsaras couesii.—The basal joint of the rod-like spine is almost entirely con-

cealed and procumbent, and the distal joint alone free, reaching backward to the

dorsal tubercles; the bulb is pyriform and surmounted by a long whitish filament;

the dorsal and anal have each 4 spines, the caudal 8 (the 4 middle dichotomous), and

the pectorals each about 15 rays. The species has been named after the eminent orni-

thologist, Dr. Elliott Coues. The name is derived from the Greek cruptos (concealed,)

and psaras (fisherman), and has reference to the concealed 'rod' or basal joint of the

anterior spine or fishing apparatus."

1 Malthe cubifrons Rich., seems to be only an extreme variety of Malthe vespertilio.

Every gradation in size and form of the rostral process exists between the very long-

nosed var. longirostris, to the button-nosed cubifrons, and thus far I am unable to

show any dividing lines. The original record of Malthe cubifrons as from Labrador

was an error. It is not certainly known from any point north of Florida. The name
Lophius radiatus Mitchill, Amer. Monthly Mag., March, 1818, 326, is prior to that of

cubifrons. The short-snouted form may therefore stand as

—

Malthe vespertilio radiata. (See Jordan & Swain, Proc. U. S. Nat. Mus., 1884, 234.)

2 Malthe elater Jordan & Gilbert, Proc. U. S. Nat. Mus., 1881, 365. Mazatlan.
3 Ostracion tricornis Linnaeus. Syst, Nat, X, 1758, 331 = OstrQcion quadricornis Linnaeus,

(lower down on the same page.)
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Family CLIV.—BALISTID,E.

578.—BALISTES Linnams. (477)

1658. Balistes vetula Linnaeus. W. (1318)

1659. Balistes carolinensis l Gmelin. S.W.Eu. (1319)

1660. Balistes powelli Cope. Ace. (1320)

1661. Balistes polylepis 2 Steindachner. P.

1662. Balistes capistratus 3 Shaw. P.

579.—MONACANTHUS Cuvier. (478)

§ Monacanthus.

1663. Monacanthus ciliatus* Mi tchill. W. (1321,1323)

1664. Monacanthus hispidus Linnaeus. S.N. (1322)

1665. Monacanthus spilonotus Cope. W. (1324)

§ Cantherhines Swainson.

1666. Monacanthus pullus Ranzani. W. (1325)

580.—ALUTERA Cuvier. (479)

1667. Alutera schcepfi Walbaum. N. S. n32<">)

1668. Alutera scripta Osbeck. W. (1327)

Family CLV.—TETRODONTlDiE.

581.—LAGOCEPHALUS Swainson. (480)

1669. Lagocephalus laevigatus Linnaeus. W. S. (1328)

582.—TETRODON 5 Linnaeus. (481)

1670. Tetrodon politus Girard. C.P. (1329)

1671. Tetrodon testudineus Linnaeus. W. (1330.)

lBalistes carolinensis Gmelin, Syst. Nat., 1788, 1468 (as variety of B. vetula). Balistes

capri8cus Gmelin occurs first on page 1471, and is based on a confusion of several

species. Balistes powelli is possibly the young of this species.

^Balistes polylepis Steindachner, Ichth. Beitr., V, 21, 1876. Mazatlan to Panama.
^Balistes capistratus Shaw, Gen. Zool., V, 417, 1804 (based on Baliste bride Lac6pede)=

Balistes mitis Bennett = Balistes frenatus Richardson. Mazatlan to Panama.
*Balisiles ciliatus Mitchill, Amer. Monthly Mag., 1818, 326= Monacanthus occidentalis

Giinther= Monacanthus davidsoni Cope. See Jordan, Proc. U. S. Nat. Mus., 1884, 145.

6 The earliest attempt at subdivision of the genus Tetrodon as left by Cuvier seems

to be that of Swainson. In his restricted genus Tetrodon no Linmean species are

retained, his "Tetrodon testudineus" being that of Bloch, not of Linnaeus. The next

attempt is that of Miiller, who did not retain the name Tetrodon for any of his sub-

divisions. The next attempt at subdivision seems to be that of Bleeker, who retained

the name Tetrodon, in accordance with his custom, for the first species mentioned by
Linnaeus, T. testudineus. This seems to me the earliest use of the restricted name
Tetrodon which can stand.

In a recent paper, Dr. Gill (Proc. U. S. Nat. Mus., 1884,420) has adopted a different

view. The Tetrodon of Swainson contains three species congeneric with one of the

Linnaean species (lineatus). This species belongs to Miiller's genus Arothron, and to

Arothron Dr. Gill transfers the name Tetrodon, reserving for the Tetrodon of Bleeker

and of our Synopsis the name Cirrhisomu* of Swainson.
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1671b. Tetrodon testudineus annulatus 1 Jenyne. P.

1672. Tetrodon spengleri Bloch. W. (1331)

1673. Tetrodon nephelus 2 Goode & Bean. S. W. (1332 6.)

1674. Tetrodon turgidus Mitchill. N. (1332)

1675. Tetrodon trichocephalus Cope. Ace. (1333).

583—PSILONOTUS 3 Swainson.

1676. Psilonotus punctatissimus Gunther. P.

Family CLVL—DIODONTID^E.
584.—TRICHODIODON Bleeker. (482)

1677. Trichodiodon pilosus Mitchill. O. (1334)

585.—DIODON Linnams. (483)

1678. Diodon hystrix Linnaeus. W. P. (1335)

1679. Diodon liturosus Shaw. W.P. (1136)

586.—CHILOMYCTERUS (Bibron) Kaup. (484)

1680. Chilomycterus geometricus Mitchill. N. S. (1337)

1681. Chilomycterus fuliginosus DeKay. N. (1337 6.)

1682. Chilomycterus reticulatus Linnaeus. W. (1337 c.)

Family CLVIL—ORTHAGOMSCLD^E. (130)

587.—MOLA 4 Cuvier. (485,486)

1683. Mola mola Linnaeus. N. S. W. O.C.Eu.P. (1338,1339)

1 Tetrodon annulatus Jenyns, Zool. Beagle, 1842, 153= Tetrodon heraldi Gunther, VIII,

283. Gulf of California to Peru. This species is little, if at all, different from T. tes-

tudineus.

* Tetrodon nephelus is extremely variable in regard to its spinous armature. Specimens

from Key West show all gradations from entire smoothness above and below to the

condition described in the text (page 966). Older specimens are generally less prickly

than young ones.
3 Psilonotus Swainson.

(Anosmius Peters ; Tropidichthys and Canthogaster Bleeker ; Anchisomus Richardson.)

(Swainson, Nat. Hist. Classn. Anim., II, 1839, 328 ; type Tetrodon rostratus Bloch.)

This genus differs externally from Tetrodon in having the nostrils obsolete, and the

back compressed to a keel. The skeleton differs so widely from that of Tetrodon that

Dr. Gill (Proc. U. S. Nat. Mus., 1884,422) has proposed to regard it as forming a dis-

tinct family, Psilonotidce. Species rather numerous in the tropics. (^PiXcS, bare;

vobroi, back.)

Psilonotus punctatissimus Giinther. Tetrodon punctatissimus Gunther, VIII, 302=
Tetrodon oxyrhynchus Lockington, Proc. Ac. Nat. Sci. Phila., 1881, 116. Gulf of Cali-

fornia to Panama.
4 The generic name Mola first appears in Cuvier, Tableau Elementaire, 1798, p. 423,

thus having three years priority over Orthagoriscus (1801).

The recent researches of Mr. John A. Ryder render it very probable that the small

fishes known as Molacanthus are, after all, young forms of Mola. I therefore omit

Molacanthus nummularis.

Ranzania truncata (No. 1139 6) should not be included in the present list, as it has

not been taken nearer our coast than the Bermuda Islands.

S. Mis. 70 59
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RECAPITULATION.

The following is an approximate statement of the number of species

and subspecies, now known, belonging to each of the principal faunal

areas. No species is counted twice, but in case of the numerous species

which range over several faunal areas each is referred to that area

which is supposed to be most properly its home, or to that in which its

occurrence has been longest known. In regard to many species such

an assignment is simply arbitrary, and in this fact lies the chief ele-

ment of error in the following list. Thus many Arctic shore fishes

belong to the Bassalian fauna of New England, while many West In-

dian species occur northward more or less frequently as far as Cape

Cod. No faunal region on our coast is bounded by sharp lines

:

Species.

Bassalian or deep-sea fauna of the Atlantic 105

Arctic (Greenland) fauna 65

New England (Newfoundland to Cape Hatteras) 95

South Atlantic and Gulf coast (shore fauna) 140

West Indian fauna (including Florida Keys and "Snapper Banks" of Pensa-

cola) 290

Tropical fauna of the Pacific (Gulf of California, southward) 240

Californian fauna (Cape Flattery to Cerros Island) 220

Alaska (Cape Flattery to Bering's Straits) 90

Pelagic species 35

Fresh waters : East of Rocky Mountains 465

Fresh waters : Between Rocky Mountains and Sierra Nevada (Great Basin, &c. )

.

75

Fresh waters : West of Sierra Nevada and Cascade Range 50

Total 1,870

Indiana University,
January 1, 1885.
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Page.

abbreviata, Chiniaera 12

Abeona aurora (1134) 96

minima (1133) 96

abildgaardii, Sparus 101

Acantharchus pomotis (847) 76

acanthias, Squalus (19) 5

Acanthocybium petus 68

solandri (770) 68

Acanthopteri 58

Acanthuridae (Family cxvn) 103

Acanthurus chirurgus 103

phlebotomus 103

Achirus achirus (1635) 137

mollis (1635 6) 137

brachialis (1631) 137

comifer (1632) 137

fasciatus 137

inscriptus (1634) 137

lineatus 137

mazatlanus (1633) 137

achirus, Achirus (1635) 137

Pleuronectes 137

Acipenser brevirostris (105) 13

medirostris (103) 13

rubicundus (104) 13

sturio oxyrhynchus (101) 13

transitiontonus (102) 13

Acipenseridse (Family xxvii) 13

acipenserinus, Podothecus (1381) 114

ackleyi, Kaia (67) 11

Acrochilus alutaceus (199) 20

acrolepis, Macrurus (1569) 131

Actinochir 115

Actinopteri 13

aculeatus var. (1063 b) 91

Gasterostens (713) 63

Halieutichthys (1653) 139

Stenotomus 91

acuminata, Sciaena 94

acuminatus, Clinus 120

Eques (1093) 94

Ophisurus (617) , 53

acuta, Dussumieria 35

acutirostris, Ichthyapus 52

acutum, HaBmulon (1051) 90

Adinia multifasciata (556) 48

adinia, Fundulus (565) 49

adspersus, Ctenolabrus (1150) 97

Paralichthys (1594) 133

adustus, G-obiesox (1415) 116

aeglefinus, Melanogrammus (1555) 130

[143]

Page.

16

16

16

16

.aSlurichthys marinus (141)

nuchalis

pananensis (142)

pinnimacutatus (143) ..

seneus, Coitus (1334) Ill

enigmaticus, Icosteus (825) 73

SBpypterus, Ammocoetes (7) 4

»qnidens, Culius 105

Eleotris (1222) 105

aesoulapius, Plagyodus (473) 38

sesopus var. (885 g) 78

aestivalis, Clupea (445) 36

Gobio 29

Hybopsis (340) 29

aethalorus, Carcharhinus (34) 7

Aetobatis laticeps 12

afer, Epinephelus 84

Gy»nothorax 52

afSne, Siphostoma (690) 61,62

affinis, Atherinops (737) 65

Chimssra(98) 12

Cremnobates (1467) 121

Exoccetus 61

Gambusia (588) 50

Gila(361) 30

afra, MuraMia 52

agassizii, Alepocephalus (427) 34

Bathysaurus (483) 39,40

Chologaster (542) 47

Holconotus (1140) 96

aggregatus, Micrometres (1137) 96

Agnus anoplus 118

Agonidae (Family cxxv) 113

Agonostomus nasutus (722) 64

telfairi 64

Agonus 113

Agosia carringtoni (325) 28

chrysogaster (322) 28

metallica (323) 28

novemradiata (324) 28

nubila(326) 28

oscula(327) 28

alabamas, Notropis 27

alalonga, Orcynus (773) 69

alascanus, Ainmodytes (748) 66

alatus, Prionotus (1386) 114

albescens, Echeneis 66

Kemora (754) 66

albidus, Amiurus (129) 15

Ptychostomus 19

Tetrapturus (758) 67

931
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Page.

albigutta, Paralichthys (1598) 134

Albnla vulpes (429) 34

albula, Mugil 64

Albulidae (Family xxxv) 34

albulus, Lepomis (872) 77

album, Moxostoma (182) 19

Alburnellus jeinezanus 27

megalops 26

percobromus 27

umbratilis 26

Alburnops 23

blennius 24,26

illecebrosus 23

saludanns 24

ahomardi 23

taurooephalus 22

Albnrnns rubellus 27

zonatus 26

albnrnns, Menticirrus (1109) 94

alectrolophus, Anoplarchua 122

Alepidosauridae (Family xlii) 38

Alepidosaurus 38

Alepocephalidae (Family xxxiv) 34

Alepocephalus agassizii (427) 34

bairdii (426) 34

prodnctus (428) 34

Algansea antica (411) . . . : 32

bicolor (408) 32

dimidiata (413) 32

formosa 32

obesa (406) 32

olivacea (412) 32

parorana (409) 32

symmetrica (407) 32

thalassina (410) 32

vittata (414) 32

alicise, Pboxinns (390) 31

aliciola, Seriola 72

aliciolns, Trachurus 72

alliteratus, Euthynnns (775) 69

Allosomus 43

Alopias vulpes (48) 9

AlopiidaB (Family XII) 9

Alosa 36

alosoides, Hyodon (430) 34

Alphestes multiguttatus (991) 84

alticus, Salarias 120

altipinnis, Notropis (291) 26

altivelis, Cremnobates (1464) 121

Trachypterus (1212) 104

altus, Chorinemus 72

Oligoplites (812) 72

Psendopriacantbus (1001) 86

alntaceus, Acrochilus (199) 20

Alutera schoepfl (1667) 140

scripta (1668) 140

alutns, Apogon (1076) 92

Alvarius fontioola (946) 81

lateralis (943) 81

prcBliaris (944) 81

pnnctulatus (945) 81

alvordivar. (1320e) Ill

Alvordias crassns 79

macnlatus 79

variatut 79

Page.

amabilis, Notropis (292) 26

amara,Dionda (209) 21

amarus var. (246 6) 24

Notropis 24,28

Ambloplites rupestris (845) 76

amblops, Ceratichthys 28

Hybopsis (331) 29

Amblyopsidse (Family Lin) 47

amblyopsis, Eleotris (1221 ) 105

Amblyopsis, spelaeus (539) 47

amblyrhynchus, Caranx (782) 70

americanus, Ammodytes (747) 66

Amphiprion 83

Apogon 92

Cyprinus 33

Esox (597) 50

Hemitripterus (1300) 109

Histiophorns 67

Istiophorus (759) 67

Pleuronectes (1625) 136

Polyprion (974) 83

Roccus (957) 82

Amiacalva (110) 13

retrosella 92

Amiidas (Family xxix) 13

Amitra liparina 115

Amitrus 115

Amiaros albidus (129) 15

brachyacanthus 14

brnnnens (122) 14

cragini 14

erebennus (128) 15

lophins 15

lupns(130) 15

marmoratns 15

melas (124) 14

natalis (127) 15

bolli(127c) 15

lividus (127 b) 15

nebnlosus (125) 14

catulns(125 6) .. 14,15

marmoratns (125 c) 15

nigricans (132) 15

niveiyentris (131) 15

obesns 14

platycephalus (123) 14

ponderosus (133) 15

prostbistius 15

vulgaris (126) 15

xanthocephalus 14

Ammocoetes fepypterus (7) 4

aureus (6) 4

borealis 4

cibarius(5) 4

concolor 4

tridentatus (4) 3

Ammocrypta 78

beani (878) 77

clara (879) 77

pellucida (880) 77

vivax(881) 77

Ammodytes alascanus (748) 66

americanus (747) 66

personatus (747 b). 66

dubius (749) «6
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Page.

Amraodytidse (Family LXXTX) 66

Amphiprion americanus 83

matejuelo 75

Amphistichus argenteus (1142) 96

ampallaceus, Saccopharynx (648) 57

analigutta, Pomacentrus 102

analis, Holconotus (1138) 96

Lutjanus (1014) 87

Notacanthus (653) 58

Oligocottus (1362) 113

Umbrina 94

analogus, Epinephelus (990) 84

Kyphosus (1070) 92

Pimelepterns 92

analostanus, Notropis 25

Anarrhichadidse (Family cxxxvm) 123

Anarrhicbas latifrons (1500) 123

lepturus (1501) 123

lupus (1498) 123

minor (1499) 123

Anarrhichthys ocellatna (1502) 123

Anchisomns 141

ancipitiroatria, Histiophoraa 67

Ancylopsetta dilecta (1602) 134

qnadrocellata (1601) 134

Angnilla 52

auguilla rostrata (638) 55

bubana 55

rostrata 55

texana 55

tyrannua 55

auguilla, Auguilla (638) 55

anguillaria, Lumpenus (1490) 123

Zoarces (1503) 124

AnguillidaB (Family LX) 52,55

anguilliformia, Pholidicbtbys (1495) 123

Anisotremus 88

bilineatus (1037) 89

caesius (1035*) 89

davidsoni (1038) 89

dovii(1034) 89

interrctptus (1036) 89

modestus 89

tsBniatus 89

virginicus (1039) 89

tseniatus (10396) ... 89

auiau riurt, Moxostoma (190) 20

annularis, Pomoxys (842) 76

annulatus var. (16716) 141

Antennarius (1641) 138

Tetrodon 141

anogenus, Notropis (227) 23

anolia, Sanrua 39

Synodus (481) 39

anomalum, Campoatoma (196) 20

Anoplarcbua alectrolophua 122

atropurpureua (1479) 122

Anoplogaster 74

Anoplopoma fimbria (1261) 107

anoplos, TTranoscopus 118

anoplus, Agnus 118

Aatroscopua (1430) 117,118

Anoamiua 141

AntennariidaB (Family CL) 138

Antennarius annulatus (1641) 138

Page.

Antennarius leopardinus 138

ocellatus (1642) 138

pleuropbthalmus 138

sanguineus (1643) 138

strigatus (1644) 138

tenuifilis 138

Anthiaa caballerote 87

macrophthalmus 86

mnltifasciatua (971) 83

sacer 83

saponaceus 85

vivanus (972) 83

antbias, Labrus 83

antica, Algansea (411) 32

Antimora rostrata 129

viola (1550) 129

antiquorum, Hippocampus 62

antistiua var. (846 6) 76

Apeltea quadracus (714) 63

Aphoristia atricauda (1636) 137

nebulosa (1638) 137

plagiuaa (1637) 137

Aphredoderidie (Family xcvi) 76

Apbredoderua aayanus (838) 76

Aplodinotua grunniens (1083) 93

Apocope hensbavii 28

nnbila 28

ventricosa 28

vulnerata 28

Apodichthys flavidus ( 1476) 122

fucorum (1477) 122

univittatus (1478) 122

Apogon alutus (1076) 92

americanus 92

imberbia (1073) 92

maculatu8 (1074) 92

pandionis (1077) 92

retrosella (1075) 92

Apogonichtbys 92

Apogonidse (Family evil) 92

Apomotis 77

approximans, Polynemus (744) 66

Aprion 87

aprion, Gerres 95

Aprionodon 7

punctatus 8

Apterichtbys selachopa 52

apua, Epinephelus (988) 84

aquilensis, Lepomis (867) 77

Pomotis*. 77

arabicus, Chanos 35

arsea, Atherina (726) 65

arseopus, Catostomus (154) 17

Aramaca 133

arara, Serranus 84

aratua, Lutjanus (1016) 87

arcansanum var. (916 6) 80

Arcboplites interruptus (844) 76

Archosargus 91

arctica var. (14016) 115

arctifrons, Calamus (1061) 91

Citharicbthys (1587) 133

Arctozenus 38

arcturus, Salvelinus (528) 44

arcnatus, Pomacanthus 103
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Page.

ardens, Catostomus (166) 18

Notropis (296) 26

ardeaiacus, Pboxinua (376) 31

arenatua, Priacantbua 86

arenicola, Fierasfer 126

argentatua, Tetragonopterua (425) 34

argentea, Sphyraena (738) 65

argenteua, Anipbisticbus (1142) 96

Holconotna (1139) 96

Petromyzon 4

Trachynotus (797) 71

Argentina syrtenaium (502) 42

Argentinidse (Family xlviii) 42

argentiaaiina, Meda (424) 33

argentiventria, Lutjanus (1006) 87

Mesoprion 87

argentosa, Dionda 21

Argyreus notabilia 28

oscul us 28

rubripinnis 27

argyriosua, Pogonichthya 30

Symmetrurus 30

argy ritis, Hybognatbus (215) 21, 22

Argyropeleeus 46

beuiigymnus (533) 45

olfersi (534) 45

argyropa, Sparua 91

Argyrosoums 43

argyrosomua, Damalicbtbys (1149 97

ariommus, Notropis (286) 26

Ariopaia 15

Ariua assimilis 15

brandti 15,16

daaycephalus 15

guatenialenaia i5

platypogon 16

seemanni 15

arlingtonia, Gambuaia (587) , 50

arniatua, Leptocottua (1356) 112

Arothron 140

Aitedi 4

artedi, Coregonua (513) 43

Artediellua nncinatua (1312) 110

Artediua feneatralia (1307) 110

lateralis (1305) 110

notoHpilotua (1306) 110

artesise, Etheostoma (924) 80

Ascelichtbya rbodorus (1301) 109

ascensione, Holocentruni (834) 75

ascenaionis, Epinepbelua (989) 84

Perca 75

aaper, Hexagraminua (1253) 106

Macrurua(1572) 131

aapera, Limanda (1619) 130

Uranidea (1314) 110

Aspidophoroidea giintheri (1372) 113

inermia (1370) 113

nionopterygiua (1369) 113

olriki (1371) 113

asprella, Crystallaria (882) 78

aaprellua, Pleurolepia 78

aaprigenia, PcEcilichthya 81

aspro, Hadropterua (902) 79

aaaimilia, Arius 15

aeterias, Blenniua (1452) 119

Page.

asterias, Urolopbua (81) 11

Aaternopteryx gunelliformia 122

Astronestbes niger (493) 42

Astroscopus anoplns (1430) 117, 118

Aatyanax 34

Atherestbea atomias (1593) 133

Atherina araea (726) 65

Carolina (724) 65

eriarcba (723) 65

laticepa 65

stipea (725) f,.">

velieana 65

Atberinella eriarcba 65

Atberiuidas (Family lxxvi) 65

atberinoidea, Cbriodorus (670) GO

Notropia (308) 27

Atherinops afflnis (737) 65

Atherinopsia californiensia (736) 65

atkinai, Gaateroateua (712) 63

atlanticus, Megalops (434) 34

Rupiacartes (1455) 120

Salariaa 120

Atractoacion 95

Atractostena 13

atrarius, Pboxiuus (395) 31

Serranus (958) 82

atricauda, Apboristia (1636) 137

atrilatus, Zygonectea •. 50

atrilobatus, Cbromia (1194) 102

atripes var. (276 c) 26

Ditrcma (1146) 97

atripinnis, Ulocentra 78

atromaculat um var. (885 b) 78

atromaculatua, Semotilus (347) 29

atronasus, Rbinicbtbya (321) 28

atiopurpureua, Anoplarcbua (1479) 122

atrovireus, Sebaaticbtbya (1272) 107

attenuatua, Osmerus 42

audcua, Menidia (732) 65

auliscus, Sipbostoma (685) 61

AulorhynchidsB (Family lxxiii) .. .. 63

Aulorbynchus flavidus (706) 63

Auloatoma maculatum (705) 63

Aulostomidaj (Family LXXll) 63

aurautiacus, Hadropterus (908) 79

aurata, Moniana 25

auratus var. (1078) --- 92

aureolum, Moxoatoma (186) 19, 20

aureus, Aminocoetea (6) 4

Cbaetodon 103

Pomacantbus (1207) 103

auriculatus, Sebasticbtbya (1284) 108

auritua, Lepomis (863) 77

aurolineatnm, Hasmulon (1042) 89

aurora, Abeona (1134) 96

aurorubens, Rbomboplitea (1019) 88

Auxis tbazard (765) 08

avocetta, Nemicbtbys (643) 56

axillaris, Cottus (1342) Ill

Pomadaaya (1030) 88

Baeostoma 137

Bagropsis 15

bairdi var. (1320 b) Ill

Ponaatoprion 102

bairdianum, Sipbostoma (687) CI
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bairdianus, Syngnathua 61

Bairdiella 93

bairilii, Alepocephalus (426) 34

Bathymyzon (12) 4

Gaatrostomus (649) 58

Macrurus (1571) 131

Petromyzon 4

bajonado, Calamus (1057) 90

Balisites ciliatu8 140

Balistes capistratua (1662) 140

capriacus 140

carolinensis (1659) 140

frenatua 140

mitia 140

polylepis (1661) 140

powelli (1660) 140

vetula (1658/ 140

BaliatidsB (Family CUV) 140

balteatus, Pomacanthus 103

Richardaonina (419) 33

TJpeneua 93

banana, Gobius (1227) 105

Barathrodemua manatinus (1534) 127

barbarae, Siphoatoma (686) 61

barbatula, Lsenionema (1549) 129

barbatam, Ecbioatoma (491) 42

barbatua. Mullus (1078) 92

Siphagonus (1373) 113

bardua, Pantoatena 17

barratti, Boleoaoma 81

bartholomaei, Caranx (784) 70

baacanium, Caacula 53

Callecbelya (616) 52

Baasozetua normalia (1536) 128

Bathymaater 73

signatua (1213) 104

Batbymaateridse (Family cxix) 104

Bathymyzon bairdii (12) 4

Bathyaaurus agaaaizii (483) 39, 40

ferox 39

Bathystoma 89

Batracbidas (Family cxxx) 11C

Batrachus tau (1419) 116

pardua (1419 b) 116

bdellium, Petromyzon (8) 4

Bdellostouridae (Family m) 3

beani, Ammocrypta (878) 77

Caranx 70

Limanda (1620) 136

Ophidion (1527) 126

Pcecilichthys 78

Serrivomer (647) 57

bellua, Notropis (300) 27

Belone craaaa 59

joneai 59

stolzmanni 59

Belonidas (Family lxviii) 59

bendirei, Uranidea (1319) Ill

Benthodesmua elongatua (761) 67

berglax, Macrurua (1568) 131

bernardini, Catostomua (165) 18

Berycidas (Family xciv) 74

berylliua, Menidia (733) 65

beryllinn8, Cryptotomua (1173) 100

betaurus, Cirrhites 98

Page.

bicolor, Algansea (408) 32

Phoxinua (385) 31

bicornia, Cottna 110

Icelua (1308) 110

bifrenatna, Notropia (224) 22

bignttatua, Cochlognathua (222) 22

Hybopsia (328) 28

bilincaris, Merhiciua (1565) 131

biliueata, Lepidopsetta (1617) 136

biliueatus, Aniaotremua (1037) 89

billingaiana, Cyprinella 24

bilobua, Blepsias (1366) 113

bimaculatus, Chastodon 102

binoculata, Raia (74) '.. 11

birostria, Manta (97) 12

biaon var. (148 b) 16

Enophrya (1351) 112

biatrispinus, Bodianua 86

Rhypticus (998) 86

bivittatu8, Notropis (295) 26

Platyglosaua (1159) 98

blackfordi, Lutjanus 87

blanchardi, Neoclinu 8 (1458) 120

Blennicottna 113

Blenniidae (Family cxxxvi) 119 123

blenn ioidea, Diplesion (894) 78

Blennius 120

aateriaa (1452) 119

brevipinnis 119

carolinus (1453) 119

favosus (1451) 119

fucornm 119

polyactocepbalua 122

steamsi (1450) 119

striatns 119

tripteronotna 121

blenniua, Alburnopa 24, 26

Etheostoma 78

Notropia (244) 23,24

Ulocentra (893) 78

Blepharia 70

Blepsiaa bilobua (1366) 113

cirrhosus (1365) 113

Bodianua 85,98

biatrispinus 86

bodianua 97

diplotasnia (1154) 97

pectoralia (1155) 97

rufua (1153) 97

bodianus, Bodianua 97

Boleicbthys 81

elegans 80

warreni 81

boleoidea, Uranidea (1329) Ill

Boleoaoma barratti 81

camurum (888) 78

fusiformis 81

gracile 81

maculatum 78

olmstedi (885) 78

aisopus (885 g) 78

atromaculatum (885 b)

.

78

effulgens (885 c) 78

maculatum (885 d) 78

nieaoenm (885/) 78
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Boleosoma olmstedi ozarcanum 885e) 78

susanae (887) 78

vexillare (886) 78

boleosoma, Gobius (1230) 105

bolli var. (127 c) 15

bornbifrons, Lepomis 77

bonaci, Mycteroperca (980) 84

Serranus 84

boops, Myctophum (486) 40

Notropis (243) 24

Scopelas 40

boreale, Etheostoma (932) 80

borealis, Ammcoetes 4

Maurolicus (487) 40

Plagyodus (474). 38

Pcecilichthys 80

Sphyraena (739) 65

Sudis (476) 38

Boreogadns 130

boreum var. (949 c) 81

bosci var. (418 b) 33

Gobiosoma (1243) 106

Menidia 65

Pimelepterus 92

bosquianus, Chasmodes (1439) 119

Botbragonus swani (1377) 114

Bothus maculatus (1576) 132

bouvieri var. (525 6) 44

bovinus, Cyprinodon (547) 47

braohialis, Acbirus (1631) 137

brachyacanthus, Amiurus 14

Brachygenys 90

Bracbyistius frenatus (1135) 96

rosaceus (1136) 96

Brachyopsis rostratus (1374) 113

verrucosus (1375) 114

xyostemns (1376) ... 114

brachypoda var. (707 c) 63

bracby ptera, Kemora (753) 66

brachy pterus, Zygonectes 50

bracby souius, Calamus (1058) 90

Bramaraji (824) 73

Bramldse (Family xci) 73,104

Branchiostoma lanceolaturn (1) 3

Brancbiostomidse (Family I) 3

brandti, Arius 15, 16

Galeichthys (140) 16

branicki, Pomadasys (1032) 89

brasiliensis, Hemirhamphus 60

Mugil 64

Nareine (78) 11

Scorpaena (1297) 109

breviceps, Bariums (1097) 94

brevipinne, Pristipoma 88

brevipinuis, Blennius 119

Hypsoblennius (1442) 119

Oribopristis (1023) 88

brevirostris, Acipeuser (105) 13

Carcharhinus (40) 8

Chasruistes (173) 18

Scomberesox (664) 60

brovispinis var 107

Sebastichthys (1271) 107

Brevoortia tyrannus (453) 37

patrouus (4536) 37

Pag©.

brosine, Brosmius (1554) 130

Brosmius brosme (1554) 130

Brosmophycis ventralis 127

BrotulidfB (Family CXLiv) 125, 126

broussoneti, Umbrina (1104) 94

browni, Stolephoras (460) 37, 38

brunnens, Amiurus (122) 14

Serranus 84

bryoporus, Spratelloides 35

bubalinus, Leuciscus 25

Notropis (253) 25

bubalis, Cottus Ill

bubalus, Ictiobus (146) 16

bnccata, Ericymba (314) 27

bucco, Moxostoma 19

bufo, Scorpaena 8

bullaris, Semotilns (349) 29

butlerianus, Pcecilichthys 81

Bythites fuscus (1531) 126

caballerote, Anthias 87

caballus var. (785 b) 70

Caecula bascanium 53

CsBsiosoma califoruiense (1071) 92

ciBsius, Anisotremus (1035) 89

Pomadasys 89

Calamus arctifrons (1061) 91

bajonado (1057) 90

brachysomus (1058) 90

calamus (1056) 90

leucosteus (1059) 91

penna(1061) 91

pennatula 90

proridens (1055) 00

calamus, Calamus (1056) 90

calcarata, Scorpaena 1 09

ealifornica, Torpedo (77) 11

californicus, Exocoetus (679) 01

Galeus (27) 6,7

Myliobatis (95) 12

Paralichthys (1595) 133

californiense, Caasiosoma (1071) 92

Slphostoma (683) 61

californiensis, Atherinopsis (736) 65

Cyprinodon (551) 47

Doryichthys 62

Doryrhamphus (695) 62

Gerres (1127) 95

Scorpis 92

Typhlogobius (1248) 106

Xenistius (1004) 86

callarias, Gadus (1556) 130

Callecbelys bascanium (616) 52

scuticaris (614) 52

teres (615) 52,53

Calliodon 100

calliodon, Liparis (1404) 115

callisema, Notropis (252) 25

callistius, Notropis (266) 25

calliura, Cyprinella 25

calliurus, Ioglossus (1250) 106

callosoma, Novaculichthys 100

calopteryx, Serranus (965) 83

calva, Amia (110) i 13

oampechanus. Mesoprion 87

Campostoma aaomalum (196) 20
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Campostoma anouialum prolixum (196 b) ... 20

formosulum (197) 20

omatum (195) 20

oamara, Cliola 25

camurum, Boleoaoina (888) 78

Etheostoma (920) 80

camurus, Notropia (263) 25

PoBcilichthys 80

Canada, Elacate (756) 67

canadense, Stizoatedion (949) 81

canis, Galeus (26) 6, 7

Squalns 6

cantharinua, Orthopriatis (1024) 88

Pomadaaya 88

Cantherhinea 140

Canthogaster 141

capiatratua, Baliatea (1 662) 140

Chaetodon (1201) 102

capito, Poromitra (832) 75

capreolua, Epinephelua 84

caprinna, Stenotomua (1062) 91

capri8cus, Baliatea 140

caprodea, Percina (899) 79

Carangidae (Family lxxxv) 69

Caranginae 70

Carangoidea doraalis 70

Caranx 69

amblyrhynchua (782) 70

bartholomaei (784) 70

beani 70

cbryaua (785) 70

caballus (785 b) 70

cibi 70

crinitua (790) 70

dorsalis (789) 70

dumerili 72

fallax 70

hippoa (787) 70

latua (786) 70

otrynter 70

panamensis v 70

apecioaua (788) 70

vinctus (783) 70

carapinua, Coryphaenoidea (1574) 131

Carcharhinna 6, 7

aethalorua (34) 7

breviroatria (40) 8

cuudut.ua (37) 8

coBruleua 8

fronto (35) 7

glaucus (32) 7,8

isodon (42) 8

lamia (38) 8

lamiella(39) 8

limbatua (41) 8

longurio (43) 8

obacurua (33) 7

platyodon (36) 7

terrae-novae (44) 8

Carchariaa 6

fronto 7

glancua 7

lamia 8

littoralis (49) 9

longurio 8

I'a^o.

Carcbariaa taarna 9

carchariaa, Carcharodon (52) 9

Sqnalua 8

Carcharodon carchariaa (52) 9

Careproctua gelutinoaus (1395) 115

reinhardti (1396) 115

caribaeus, Sargua 91

Tylosnrua (657) 59

carinat.ua. Labichtys (644) 56

Placopharynx (193) 20

carminale, Tripterygion (1461 ) 121

carminatna, Macrurua (1570) 131

carnataa, Sebaatichthya (1288) 108

Carolina, Atherina (724) 65

carolinas var. (1320 A) Ill

carolinenaia var. (804 6) 71

Baliatea (1659) 140

carobnua, Blenniua (1453) 119

Pteraclia (823) 73

Trachynotus (796) 71

carpio, Catoatomus 19

Cyprinodon (554) 47

Ietiobus (147) 16

Carpiodes 16, 17

carrlngtoni, Agoaia (325) 28

carntta, Johnius - 93

caryi, Hypsurua (1143) 96

castanea, Sidera (606) 51

caataneua, Petromyzon (10) 4

Catalufa 86

catalufa, Priacanthua (1000) 86

cataphractua var. (713 b) 63

cataractae, Rhinichthya (320) 27, 28

cataatomua, Phenacobiua (317) 27

catenatua, Fundulua (569) 49

Cathoropa 15

Catostomidae (Family XXXI) 16

Catost omnia- 18, 19

Catoatomus araeopua (154) 17

ardena (166) 18

bernardini (165) 18

carpio 19

catoatomus (160) 17

clarki (155) 17,18

commeraoni 18

congeatus 19

cypho (168) 18

discobolua (156) 17

fecundua (lot) 18

guzmanienais 17

inaignis (169) 18

labiatua (162) 17

latipinnis (157) 17

longii oatria 17

macrochilua (163) 17

nanomyzon 17

nebulifer (158) 17

nigricans 18

occidental (164) 17,18

retropinnis (159) 17

aucetta 19

tahoenais (161) 17

terea (170) 18

utawana 18

catoatomus, Catoatomus (160) 17
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Catulus 5

catulua 6

var.(1256) 14

Pimelodua 14

cat us, Silurua 14

caudalis, Platyglosaua (1160) 98

Pomacentrus (1186) 101

caudata, Lamna 8

caudatua, Carcharhinua (37) 8

Lepidopua (762) 67, 68

Trichiurus 67

caudicula, Conger (637) 55

Caulolatilua chrysops 104

cyanops 104

mioropa (1216) 104

princeps (1215) 104

Caulolepia longidena (829) 74

caurinua, Mylochilua (352) 30

Sebastichthys ( 1286) 108

cavalla, Cybium 68

Sconiberomorua (769) 68

cavifrons var. (1300 b) 109

Hemitripterus 109

caxia, Latjanus (1007) 87

Sparus 87

cayuga var. (708 &).., 63

Cebedicbthys violaceus (1483) 122

Centrarchidse (Family xcviii) 76

Centrarchus macropterus (841) 76

Centridermichthys 110

Centriacus acutatua 62

Centropomidae (Family c) 81

Centropomus mediua 82

nigreacens (951) 82

pedimacula (952) 82

robalito (953) 82

undecinialis (950) 81

Centropriatis macropoma 82

pboebe 83

radialia 82

CentroacyIlium fabricii (18) 5

Centroacymnus ccelolepis (20) 5

centrura, Trygon (85) 12

cepedianum, Dorosoina (455) 36, 37

Cepbalacantbua volitana (1393) 115

Cepbalocaaaia 15

CephalopteridaB (Family XXIV) 12

cephalua, Mugil (715) 64

Ceratias holbolli (1646) 138

Ceratichthya amblopa 28

lucens 24-28

micropogon 28

prosthemiua 29

8terletus 29

Ceratiidae (Family cli) 138

cercoatigma, Cyprinella 25

Notropia (260) 25

Cerdale 125

ionthaa 126

cerdale, Scytaliacus (1523) 126

Cerdalidaea (Family cxl) , 125

cervinum, Moxostoma (192) 20

Ceatraciidse (Family VI) 5

Cestracion franciaci (15) 5

philippi 5

Ceatraeus 64

Cetorhinidae (Familyxv) 9

Cetorhinua maximua (53) 9

ceutbcecHm, Gobioaoma (1242) 106

Cbjeuob'yttus gulosua (846) 75

antiatiua (846 b) 76

Chaenomugil proboscideua (719) 64

Chaetodipterua faber (1197) 102

zonatua (1198) 102

Chastodon aureus 103

bimaculatus 102

capiatratua (1201) 102

bumeralis (1202) 102

maculocinctua (1199) 102

nigrirostria ( 1203) 102

ocellatua (1200) 102

chastodon, Meaogonistiua (852) 76

Chastodontidae (Family cxvi) 102

cbalceua, Orthopriatia (1025) 88

chalcogrammus, Pollachiua (1562) 130

Cbalinura aimula (1575) 132

chalybaeus, Notropia (282) 26

chaly beiua, Hyphalonedrua (503) 42

chamseleonticepa, Lopbolatilus (1214) 104

Chanidae (Family xxxvm) 35

Chanos arabicua 35

cbanos (435) 35

aalmoneua 35

chanoa, Cbanoa (435) 35

Mugil 35

Cbaracinid® (Family xxxm) 34, 80

C baracodon furcidens (555) 48

lateralia 48

Chaamistes brevirostria (173) 18

cujua (175) 18,19

liorus(172) 18

luxatua(174) 18

Chaamodes bosquianua (1439) 119

quadrifaaciatus (1440) 119

aaburras (1441) 11J)

Cbatoeasua signifer 36

ChauliodontidaB (Family lii) 45, 46

Ohauliodua aloani (536) 46

Chaunax pictua (1645) 138

cbemnitzi, Notacanthua (651) 58

Cheouda 31

chesteri, Phycis (1548) 129

Cbiaamodon niger (1437) 119

Chiaamodontidai (Family cxxxv) 119

cbickasavenaia, Luxilus 25

cbilensia, Sarda (772) 69

cbiliticua, Notropia (281 ) 26

Chilomycterus fuliginoaus (1681) 141

geometricua (1680) 141'

reticulatus (1682) 141

Chimasra abbreviata 12

affinia (98) 12

colliei (99) 12

plumbea 12

ChimaBiidsB (Family xxv) 12

chioatictua, Kupiacartea (1454) 120

Salariaa 120

Chiridas (Family cxxn) 106

Chirolopbua polyactocepbalua (1470) 122

chlrurgua, Acantburua 103
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chirus, Xiphister (1480) 122

Chitonotus mesracephalus (1310) 110

pugetensis (1311) 110

chloristiua, Notropis (269) 25

chlorocephalua, Notropis (280) 26

Chloroacombrus 69

chrysnrus (794) 71

orqueta (795) 71

chlorostictua, Sebaatichthya (1281) 108

chlorus, Notropis (239) 24

Chologaster agassizii (542) 47

cornutus (541) 47

papillifer (543) 47

Chorinemus altas 72

Chriodorns atlierinoides (670) 60

Chromis atrilobatus (1194) 102

enchrysurus (1196) 102

insolatus (1195) 102

punctipinnia (1193) 102

chromis, Pogonias (1084) 93

Chrosomns eos 20

erythrogaster (202) 20

oreas (203) 20

chrosomns, Notropis (283) 26

ehrysitis, Dionda 21

chrysochloris, Clupea (442) 36

chrysogaster, Agosia (322) 28

chrysoleucus, Notemigonus (418) 33

Chrysomelas var. (1288 6) 108

chrysops, Canlolatilns 104

Opbichthys (624) 53

Roccus (955) 82

Spams 91

Stenotomus (1063) 91

cbrysoptera, Perca 88

chrysopterum, Hasmulon 89

chrvsopterus, Orthopristis (1026) 88

chrysotiis, Haplochilus 49

Zygonectes (580) 49

cbrysura, Sciasna (1087) 93

chrysurus, Chloroscombrus (794) 71

Ocyurna (1018) 87

cbrysus, Caranx (785) 70

chuss, Phycis (1546) 129

cibarius, Anirnoccetes (5) 4

cibi, Caranx 70

CicblidaB (Family cxm) 101

ciliaris, Holacanthus (1205) 103

ciliatus, Balisites 140

Monacanthus (1663) 140

Sebastichthys (1266) 107

cimbrius, Rhmonenius (1537) 128

cinereus, Gerres (1126) 95

Hadropteras (915) 79

cingulatus, Fundulus 49

Zygonectes 49

cirratum, Ginglymostoma (24) 6

Cirrbisomus 140

Cirrhites betaurus 92

rivulatus (1072) 92

Cirrhitichthys rivulatus 92

CirrhitidsB (Family CVI) 92

cirrhosus, Blepsias (1365) 113

Cirrostomi 3

Citharichthys 136

Page.

Citharichthys arctifrons (1587) 133

macrops (1586) 1*J5

microstomus (1589) 133

ocellatus (1579) 133

oralis (1581) 133

paetnlus (1580) 133

panamensis (1582) 133

sordidus (1583) 133

spilopterus (1585) 133

stigmaeus (1584) 133

unicornis (1588) 133

Citula 70

clara, Ammocrypta (879) 77

clarki, Catostomns (155) 17, 18

clathratus, Serranus (966) 83

claviformis, Moxostoma 19

claviger, Enophrys 112

Clininas 123

Clinocottus 113

Clinostomus 30

Clinus acuniinatus 120

evides (1462) 121

xanti 120

zonifor 120

Cliola camura 25

missuriensis 23

nubila 21

topeka 24

urostigma 25

velox 22

vigilax (223) 22

vivax 22

zonata 24

Clupea aestivalis (445) 36

chrysochloris (442) 36

barengus (438) 35

hudsonia 24

humeralis 36

libeitatis 37

macropbtbalma 36

mediocris (443) 3f

mirabilis (439) 35

pensacolaB (449) 36

pseudohispauica (441) 36

sagax (440) 36

sapidissima (446) 36

sardina (447) 36

stolifera (450) 36

thrissa 36

thrissina (448) 36

thryza 36

vernalis (444) 36

Clupeidoe (Family xxxix) 35

clupeiformis, Coregonus (508) 43

cobitis, Tiaroga (319) 27

coccineus, Lycodes (1515) 124

coccogenis, Notropis (274) 24, 26

Cocblognathus biguttatus (222) 22

ornatus (221) 22

Codoma 24

Coecula 52

coelolepis, Centroscymnus (20) 5

ccenosus, Pleuronichthys (1 612) 135

coeruleum, Etheostoma (936) 81

C03ruleu8, Carcharhinus 8
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ccernlene, Notropia (268) 25

Phoxinus (398) 31

Scarus(1179) 101

Squalus 8

Teuthis (1210) 103

cognata, Uranidea (1321) Ill

colias, Scomber (763) 68

Coli8CU8 parietalis 22

colliei, Chimajra (99) 12

Colocephali 51

Colorado, Lutjanua (1015) 87

comalia, Notropis (240) 24

comifer, Achiras (1632) 137

commersoni, Catostomus 18

complanata, M on i an a 24

compressua, Stolephorua (471) 38

eoncinnua var. (7076) 63

concolor, Ammoccetes 4

Scomberomorus (766) 68

confertua var. (218 6) 22

Hyborhynchus 22

confluentua, Fundulus (564) 49

conformia, Phoxinua (384) 31

Conger candicula (637) 55

conger (636) 55

conger, Conger (636) 55

congestum, Moxostoma (188) 19

congestns, Catostomus 19

CongridaB (Family lix) 52

Congrogadidse (Family cxli) 125, 126

Congrogadns 126

coniceps, Murasneaox (635) 55

conocephalus, Mylopharodon (353) 30

Conodon nobilis (1020) 88

serrifer (1021) 88

conspersua, Phoxinus (393) 31

constellatus, Sebastichthya (1278) 108

conua, Moxostoma (189) 20

cooperi, Phoxinus (399) 31

copei, Phoxinus (391) 31

copelandi, Cottogaster (895) 78

corallina var. (78 6) 11

Coregonua artedi (513) 43

clupeiformis (508) 43

hoyi (510) 43

kennicotti (506) 43

labradoricus (509) 43

laurettae (512) 43

merki (511) 43

nelsoni (507) 43

nigripinnia (514) 43

quadrilateralis (505) 43

tullibee (515) 43

williarnsoni (504) 43

coregonua, Moxoatoma (181) 19

coriaceua, Eleutheractis 85

corinua, Hexanchua (14) 4

Coris 99

cornnbica, Lamna (51) 9

cornutus, Chologaater (541) 47

Cyprinus 26

coronatua var. (992) 85

corporalis, Cyprinua 29

coruscana, Sudis 38

Corvina 93

Page.

Coryphsena dorado 73

equiaetia 73

globicepa 73

guttata 73

hippurus (822) 73

lineata 100

nigrescena 82

psittacus 100

punctata 73

sueuri 73

Coryphsenidse (Family xc) 73

Ooryphasnoides 132

carapinua (1574) 131

rupestria (1573) 131

Coryphopterua 105

Cossyphua puellaria 98

Cottidse (Family cxxiv) 109

Cottogaater copelandi (895) 78

putnami (896) 78

shumardi (898) 79

uranidea (897) 79

Cottopsia 110

Cottuncnlus micropa (1303) 110

torvua (1304) 110

Cottua seneue (1334) Ill

axillaris (1342) Ill

bicornis 110

bubalis Ill

humilis (1341) Ill

jaok Ill

labradoricua (1338) Ill

niger (1345) Ill

octodecim8pinoaua (1333) Ill

platycephalus (1343) Ill

polaris 110

polyacanthocephal us (1337) Ill

quadricornis (1340) Ill

quadrifilis (1346) Ill

scorpioidea (1335) Ill

scorpius (1336) Ill

gronlandicus (1336 6) Ill

tasniopterus (1339) Ill

uncinatus 110

verrucoaua (1344) Ill

couchi, Moniana 24

couchiana, Poecilia (592) 5b

couesii, Cryptopsaras 139

Coueaius diasimilis (343) 29

physignathus (345) 29

plumbeus (344) 29

squamilentus (342) 29

cragini, Amiurua 14

crasaa, Belone 59

crassicauda, Phoxinus (394) 31

crasaicepa, Plectromus (831) 74

crassilabre, Moxostoma (187) 19

crassus, Alvordius 79

Phoxinus (397) 31

Tylosurue (656) 59

craticula, Zygonectes (578) 49

crebripunctata, Pteroplatea (82) 11

Cremnobates aflinis (1467) 121

altivelis (1464) 121

fasciatua (1466) 121

integripinnis (1468) 121, 122
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Cremnobates marmoratua (1465) 121

nox(1469) 121,122

crenulare, Myctophum (484) 39

creacentalia, Pomacanthus 103

crinigerum, Siphostoma (694) 62

crinitus, Caranx (790) 70

Cristivomer 44

cioicenaia, Scarua (1178) 101

croaaotua, Etropua (1590) 133

Crotalopais mordax 53

crumenophthalmua, Trachuropa (781) 70

cruoreum, Xipbidium 122

cruoreua, Phoxinus (375) 31

Cryptacanthodea macnlatua (1497) 123

Cryptacanthodidse (Family cxxxvn) 123

Cryptopaaras 138

coueaii 139

Cryptotomus beryllinua (1173) 100

roaenfl 100

uatuB (1172) 100

Crystallaria aaprella (882) 78

Ctenolabrus adapersus (11 50) 97

cubana, Anguilla 55

cubanaa, Synodua 39

cubifrona, Malthe 8,139

cujua, Chasmiatea (175) 18,19

Culiua seqaidena 105

cumberlandicum var. (923 b) 80

Etheoatoma 80

cumingi, Hybopaia (329) 28

curema, Mugil (717) 64

curtua, Stolephorus (465) 38

cuvieri var. (711) 63

cyanellua, Lepomia (853) 77

cyaneua var. (273c) 26

cyanocephalus var. (276d) 26

cyanoguttatua, Heroa (1182) 101

cyanolene, Sparisoma (1176) 101

cyanopa, Caulolatilus 104

Cybium cavalla 68

petus 68

aara 68

aolandri 68

veranyi 68

Cycleptus elongatna (150) 17

Cyclopterichthya stelleri (1408) 116

ventricoaua (1407) - .

.

116

Cyclopteridse (Family cxxviii) 116

Cyclopteras lumpua (1410) 116

cyclopua, Liparia (1405) 115

Cyclotbone lusca (537) 46

(jylindrostens 13

oymatotaenia, Hadropterna (910) 79

Cynicoglo88U8 paciflcua (1628) 136

cynogloaaua, Glyptocephalua (1626) 136

Cynoponticua 55

Cynoacion macnlatum (1120) 95

nobile (1112) 95

nothum (1115) 95

othonopteram (1116) 95

parvipinne (1117) 95

regale (1113) 95

reticnlatnm (1119) 95

thalaaainom (1114) 95

xanthulum (1U8) ........ , 95

Page.

cypho, Catoatomns (168) 18

Cyprinella 25

billingsiana 24

callinra 25

cercostigma 25

forbe8i 24

gunniaoni 25

notata 25

nibripimni 25

auavia 24

umbrosa 25

cyprinella, Ictiobua (144) 16

Cyprinidas (Family XXXII) 19, 20, 29

Cyprinodon 48

bovinus (547) 47

californieneis (551) 47

carpio (554) 47

elegana (550) 47

eximiua (548) 47

gibbosua 47

latifasciatua (549) 47

maeularius (552) 47

mydrua (553) 47

riverendi (546) 47

variegatua (545) 47

gibbosus (545 b) 47

Cyprinodontid® (Family liv) 47

Cyprinus americanua 33

cornntua 26

corporalia 29

megalops 26

cyprinus, Ictiobus (149) 17

Cypaelurua 61

dactylopterna, Sebaatoplua (1293) 108

Dactyloacopua mnndas (1424) 117

pectoralia (1425) 117

tridigitatua (1426) 117

Dajans 64

Dallia pectoralia (602) 51

Dalliidae (Family LVU) 51

dalwigkii, Phyaiculaa 130

Damalichthya argyToaomua (1149) 97

damalis var 16

daaycephalua, Arina 15

davidaoni, Anisotremua (1038) 89

Monacanthus 140

decagonna, Leptagonua 113

Podothecua (1379) 114

decagrammua, Hexagrammua (1256) 107

Decapterua bypodua 70

macarellua (778) 70

hypodua (778 b) 70

punctatua (777) 69

declivifrona, Glyphidodon (1191) 102

Decodon puellaria (1156) 98

decoratua, Promicropterua 86

decurrena, Pleuronichthy8 (1610) 135

dekayi, Iaurua (50) 9

delicatiaaimus, Stolephorus (469) .• 38

deliciosa, Moniana 23

deliciosus, Notropis (233) 23

Delolepis virgatua (1496) 123

Delothyria pellucidus (1629) 136

delpbinna, Pantoateua 17

dentatus, Paralichthya (1596) 134
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dentatus, Pleuronectes 124

Pseudorhombus 134

Upeneus (1082) 93

dentex, Osmerus (499) 42

depressa, Fistnlaria (704) 63

Dermatolepis punctatus (995) 85

Diabasis 89

lateralis 90

steindachneri 90

diapliana, Sternoptyx (535) 45, 46

diapbanus, Furklulus (563) 49

Piapterus 95

gracilis 95

harengnlus , 95

lefroyi 96

dicerans, Enopbrys (1352) 112

Dicrolene intronigra (1535) 127

difformis var. (148d) 16,17

dilecta, Ancylopsetta (1602) 134

Notosema 134

dilectus, Notropis (309) 27

Dimalacocentras 100

<1 in) itli.it a, Algansea (413) 32

diniidiatus, Leucus 32

Dineniatichthys ! 126

marginatus (1532) 127

ventralis (1533) 127

dinemu8, Minnilus 27

Diodon hystrix (1678) 141

liturosus (1679) 141

Diodontidas (Family clvi) 141

Dionda amara (209) 21

argentosa 21

chrysitis 21

episoopa (210) 21

fluviatilis (208) 21

haematm a (213) 21

melanops (206) 21

nubila(212) 21

pimctifera (207) 21

serena (211) 21

texensia 21

1 1 i pUBmius, Minnilus 26

Semotilus 26

Diplectrum 82

Dipleaion blennioides (894) 78

simote ni in 78

Diplodus holbrooki (1067) 91

probatocephalus (1066) 91.

rhomboides (1064) 91

unimaculatua (1065) 91

diplotajnia, Bodianus (1154) 97

Harpe 97

dipterura, Trygon (89) 12

dipus, Microdesmus (1522) 125, 126

discobolus, Catoatomua (156) 17

Discocephali 66

dispar, Zygonectes (577) 49

dispilus, Platyglossns (1163) 99

dissimills, Conesius (343) 29

Hybopsis (333) 29

Ditrema atripes (1146) 97

furcatum (1147) 97

jacksoni (1145) 97

laterale (1144) 96
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dolichogaster, Muranoides (1475) 122

dolomiei, Micropterus (877) 77

dombeyi, Polistotrema (3) 3

domninue, Notropis (312) 27

dorado, Coryphaena 73

Doratonotua megalepis 99

thalaasinua (1167) 99

Dormitator latifrons (1224) 105

maculatus (1223) 105

microphthalmos . i 105

dormitator, Gobiomorus (1217) 104

Dorosoma cepedianum (455) 56, 37

mexicanum (456) 37

Dorosomidse (Family XL) 37

dorsalis, Carangoides 70

Caranx (789) 70

Galeus 6

Hypsypops 102

Seriola(807) 72

Umbrina (1103) 94

dorsatus var. (11) 4

Doryicbthys californiensis 62

Doryrhamphus californiensis (695) 62

excisns 62

dovii, Anisotremus (1034) 89

Murasna 51

Sidera (608) 51

drummond-hayi, Epinephelus (987) 84

dubins, Ammodytes (749) 66

Fierasfer (1524) 126

ductor, Naucratea (803) 71

dulcis var. (320 6) 27

Ehinichtbys 28

dumerili, Caranx 72

Seriola (805) 71,72

duquesnei var. (185 6) 19

Dussumieria acuta 35

stolifera (436) 35

earlli, Phycis (1545) 129

Echelus 55

Echeneididae (Family LXXX) 66

Echeneis albescens 66

naucrates (750) 66

Ecbinorbinus spinosus (16) 5

Echiopsis intertinctus 54

Echiostoma barbatum (491) 42

ectenes, Micropogon (1100) 94

effulgens var. (885 c) 78

eglanteria, Raia (66) 11

egmontis, Myropbis (632) 54

egregius, Phoxinus (381) 31

Elacate Canada (756) 67

Elacatidas (Family Lxxxi) 07

Elagatis 09

pinnulatus (810) 72

Elasmobranchii 4

elassocbir, Noturua 14

elassodon, Hippoglossoides (1607) 135

Elassoma evergladei (840) 76

zonatum (839) 76

Elassomidae (Family xcvn) 76

elater, Malthe (1652) 139

elegans, Boleichthys 80

Cyprinodon (550) 47

Gila (358) 30
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elegans, Haemulon 90

Nanoatoma 80

Eleot ridi nae 105

Eleotria aequidens (1222) 105

amblyopsia (1221) 105

latifrona 105

pisonla (1220) 105

smaragdus 104

Eleutheractis coriaceus 85

eleutberus, Noturus 14

elongata, Uinbrina 94

elongatua var 88

Benthodeamua (761) 67

Cycleptus (150) 17

Labichthys (645) 56

Lepomia (859) 77

Menticirrus (1106) 94

Ophiodon (1257) 107

Phoxinua (366) 30

Pomadasys (1028) 88

Sebastichthya (1282) 108

Elopidas (Family xxxvn) 34

Elopaaaurua (433) 34

Embiotoca 97

Embiotocidae (Family cxi) 96

Emblemaria nivipes (1456) 120

eniilias, Opsopoeodus (415) 33

emorii, Gila (363) 30

encasomus, Gobius (1226) 105

Enchelycephali 52

enchrysurus, Chromis (1196) 102

EngraulidsB (Family xli) 37

Engranlia macrolepidotus 37

perfaaciatus 38

Enneacantbna eriarchua (848) 76

gloriosua (850) 76

obesus(849) 76

simulans (851) 76

pinniger (851 6) 76

Enneacentrus fulvus ruber (994) 85

guttatua coronatus (992) 85

taeniops (993) 85

Enopbrya bison (1351) 112

claviger 112

dioerau8 (1352) 112

ensis, Onoa (1539) 128

Sphyraena (742) 65

entomelas, Sebastichthya (1268) 107

Entosphenua 3

Eopaetta 135

eoa var. (941 b) 81

Chrosomus 20

Gobiesox (1418) 116

Pceciliohthya 81

Ephippidas (Family cxv) 102

Ephippus zonatus 102

EpinepheluB afer 84

analogue (990) 84

apua (988) 84

aacenaionis (989) 84

capreolus 84

drummond-hayi (987) 84

fulvus punctatus 85t

guttatua 84

morio (983) 84

Page.

Epinepbelua nigritua (982) 84

niveatus (986) 84

oxygenenios 88

aellicauda (985) 84

atriatua (984) 84

epiacopa, Dionda (210) 21

Eques acuminatua (1093) 94

lanceolatus (1094) 94

equiaetia, Coryphasna 73

erebennua, Amiurua (128) 15

eriarcha, Atherina (723) 65

Atherinella 65

eriarchua, Enneacantbus (848) 76

Ericoama 79

Ericymba buccata, (314) 27

Erimyzon goodei 19

sucetta (176) 19

oblongus (176 b) 19

erinacea, Raia (63) 11

Erinemus 29

erochrous, Hololepis 81

Erotelis smaragdus (1219) 104

valencienneai 105

erythrogaater, Chroaomus ( 202) 20

erythropa, Gobieaox (1417) 116

escbricbti, Oneirodea (1 648) 139

esmarki, Lycodea (1511) 124

Esmeralda negra 104

Esocidaa (Family lvi) 50

Eaox americanua (597) 50

lineatus 50

lucius (600) 51

lugubrosua 50

nobilior (601) 51

reticulatus (599) 50

salmoneua 50

umbroaua 50

vermiculatua (598) 50

zonatu8 49

estor, Phoxiiius (368) 30

Etelis 87

Etbeostoma artesiae (924) 80

blennius 78

boreale (932) 80

camurum (920) 80

coeruleum (936) 81

epectabile (936 b) 81

cumberlandicum 80

exile (942) 84

flabellare (923) 80

cumberlandicum (9236) 80

lineolatum (923 c) 80

fuaiforme (941) 81

eos(9416) 81

bistrio 78

inacnptum (919) 80

iowas (938) 81

jessiae (937) 81

lepidum (935) 81

luteovinctum (930) 80

lyncenm (917) 80

maculatum (921) 80

nevisenae 79

nigra 78

parvipinne (931) 80
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Ktheost oiua peltatum 79

punctulatuni (933) 80

quiescens (940) 81

rnfolineatum (922) 80

rupestre (929) 80

sagitta(927) 80

saxatile (928) ... 80

squamieeps (925) 80

thalassinum (918) 80

tuscumbia (939) 81

variatum 79

virgatuni (926) 80

whipplei (934) 81

zonale (916) 80

arcansannm (916 b) 80

Etropus crossotus (1590) 133

Etrumeus micropus 35

teres (437) 35

Eucalia inconstans (708) 63

cayuga(708 6) 63

Eucinostomus lefroyi 96

productus 96

pseudognla 95

Euctenogobius sagittula 105

Eucyclogobius 106

Eugomphodus 9

Enlamia 7

lamia 8

longimana 8

Euleptorhamphus longirostris (669) 60

Eamesogrammus praacisus (1484) 122

sabbifurcatus (1485) 122

Eumicrotiemus spinosus (1409) 116

Eupomotis 77

euryopa, Hudsonius 24

enryorus, Lepomis (871) 77

Eurypharyngidae (Family lxv) 57, 58

Eurypharynx pelecanoides 58

eurystole, Stolephorus (464) 38

eurystoinus, Notropis (264) 25

Euthyunus alliteratus (775) 69

pelamys (776) 69

evansi, Hybognathus 21

Eventognathi 16

evergladei, Elaasoma (840) 76

evides, Clinus (1462) 121

Hadropterus (905) 79

evolans, Halocypselus (672) 60

Prionotus (1390) 115

Trigla 115

exasperatus, Rhinobatus (61) 10

exeisus, Doryrhamphus 62

exiguus, Stolephorus (467) 38

exile, Etheostoma (942) 81

exilicauda, Lavinia (201) 20

exiliens, Exocoetus (673) 61

exilis, Hippoglossoides (1608) 135

Noturus (117) 14

Tylosurus (661) 59

eximius, Cyprinodon (548) 47

Exocoetus amui.s 61

califi.niuii-- (679) 61

exilions '.t!73) 61

furraliis (678) 61

gibbil'rons (680) 61

Exocoetus heterurus (677) 61

b il 1 i anus CO

melanurus 61

m esogaster 60, 61

obtusirostris 60

roberti 61

rondeleti (674) 61

vinciguerr® (675) 61

volador 61

volitans (676) 61

Exoglossum maxillingua (220) 22

extensus, Fundulus (562) 49

faber, Chwtodipterus (1197) 102

fabricii, Centroscyllium (18) 5

Macrurus 131

falcata, Mycteroperca (978) 84

Seriola 72

falcatus, Labrus 97

Lacbnolsemua 97

fallax, Caranx 70

Fario 44

fasciata, Seriola (808) 72

fasciatum, Pristipoma 88

fasciatus, Acbirus 137

Cremnobates (1466) 121

Hadropterus (906) 79

Hemirhampbus 60

Larimus (1096) 94

Muraenoides (1472) 122

Prionodes 83

Trachurus 72

Tracbynotus (802) 71

favosus, Blennius (1451) 119

fecundus, Catostomus (167) 18

feliceps, Galeichthys 15

felis, Galeichthys (138) 16

fenestralis, Artedius (1307) 110

ferox, Bathyeaurus 39

Plagyodus (472) 38

Stomias (489) 41

ferruginea, Limanda (1618) 136

Fierasfer arenicola 126

dubius (1524) 126

Fierasferidae (Family cxui) 126

fimbria, Anoplopoma (1261) 107

Fistularia depressa (704) 63

serrata (703) 63

tabaccaria (702) 63

Fistulariidas (Family lxxi) 63

flabellare, Etheostoma (923) 80

flagellum, Saccopharynx 57

flammeus, Phoxinus (403; 31

flavescens, Sparisoma (1177) 101

flavidus, Apodichthys (1470) 122

Aulorhynchus (706) 63

Sebastichthys (1264) 107

flaviguttatum, Hasmulon (1041) 89

flavilatus, Pomacentrus (1188) 102

flavipinnis, Hybognathus 21

flavolineatum, Haamulon (1045) 90

flavovittatus, Mulloides 93

Upeneus 93

flavus, Notunia (119) 14

florealis, Platyglossus 98

floridje, Jordanella (544) 47
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floridiP, Siphostorua (689) 62

floridanus, Pbycia (1544) 1-9

floripinnis, Zygonectes (573) 49

ilu viatilis, Dionda (208) 21

Hudsonius 24

fodiator, Tylosurus (655) 59

fcetens, Sy nodus (477) 39

fonticola, Alvarius (946) 81

Microperoa 81

fontinalis, Salvelinua (530) 44

forbesi, Cyprinella 24

formoaa, Algansea 32

Heterandiia (593) .• 50

Uranidea (1331) Ill

formosulum, Campostoma (197) 20

formosus, Notropis (251 ) 25

Serranus (961) 82

forsteri, Sphyrasna 65

francisci, Cestracion (15) 5

franklini, Uranidea (1330) Ill

fremebunduni, Hajmulon (1049) 90

freminvillei, Myliobatia (94) 12

frenatus, Balistes 140

Brachyistiua (1135) 96

fretensis.Notropis (230) 23

frigida, Moniana 24

frontalis var. (273 6) 26

fronto, Carcharhinus (35) 7

Caroharias 7

facorum, Apodiebthys (1477) 122

Blennias 119

iulgida, Meda (423) 33

fuliginosus, Cliilomycterua (1681) 141

fulvomaeulatum, Pristiponsa 88

fulvus var 85

Enucaoentrus (994) 85

Epinepbelns 85

Labrus 85

Pbysiculus (1551) 130

fonduloides, Fboxinua (369) 30

Fundulus adinia (565) 49

catenates (569) 49

eiugulatus 49

confluentua (504) 49

diaphanua (563) 49

extensua (562) : • 49

heteroclitus (566) 49

grandis (566 6) 49

raajalia (557) 48

menona 49

nigrofasciatus 49

ocellaris (567) 49

parvipinnia (559) 48

seminolia (561) 49

similia (558) 48

atellifer (570) 49

swampina 48

vinctua (508) 49

xenicua 48

zobrinus (560) 48

funebris, Gymnothorax 52

Muraena 52

Noturus (114) 14

Sidera (610) 52

fnrcatum, Ditrema (1147) 97

S. Mis. 70 00

Page.

furcatua, Exocoetua (678) 61

Tctalurua (135) ID

furcidens, Cbaracodon (555) 48

furcifer, Parantbiaa (973) 83

furva, Perca g2

furvua, Serranus (959) 82

fuscum, Siphostoma (692) 62

fuscua, Bytbites (1531) ] 26

fuslforme, Etbeoatoma (941) 81

fusiforniia, Boleoaoraa 81

Gadidas (Family cxi.v) 126, 128

Gadua callarias (1556) 130

gracilia 130

navaga 130

ogac (1557)
1

130

gaiinardianus, Mugil (716) 64

gairdneri, Saluio (524) 44

galacturua, Notropia (262) 25

galeatus, Gymnacauthus (1349) 112

Gakicbthys brandti (140) 16

feliceps 15

folia (138) 16

gnatemaleus's (136) 15

platypogon (139) 16

seemanni (137) 15

< raleocerdo maculatus (31) 7

tigrinua 7

Galeorbinidas (Family x) 6

Galeorbinus 6

zyoptorua (30) 7

Galeus 9

californicus (27) 6,7

cania (26) 6,7

doraalia 1.

lnnulatus (25) 6

maculatua 7

muatelua 6

galeus, Squalua 6

galtias, Pboximia (374) 31

Squaliua 31

Gambuaia affinis (588) 50

arlingtonia (587) 50

bolbroobi 50

bumilis (586) 50

nobilia (589) 50

patruelia (585) 50

senilis (590) 50

gardonens, Kotemigonua (417) 33

garmaDi, Lepomis (865) 77

Notropis (256) 25

Gastorosteida) (Family lxsiv) 63

Gasterosteus aeuleatua (713) 63

catapbractua (713 b) 63

atkinsi (712) G3

(cuvieri?) wbeatlandi (711 b). 63

(gymnurus ?) cnvieri (711) ... 6;;

microeepbalus (710) 63

williamsoni (709) 03

Gastrostomus bairdii (649) 58

gelatinoaum, Melanostigma (1521) 125

gelatinosua, Careproetns (1395) 115

gelidua, Hybopsis (341 ) 29

geminatus, Hyplourocbilus (1449). 119

gemma, Hypopleetrua (970) 38

genoroaua, Pantoateua (152) .....,., 17
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gentilis, Hypaobloiuiius (1443) 119

. Gcnyonenms lineatua (1098) 94

Genyplerua omostigma 3 -G

gooinotricus, Ckilomycterus (1GS0) 141

gcorgianua, Scorpis 92

Gorres aprion 95

californionsis (1127) 95

einoreua (1126) 95

gracilis (1129) 95,90

gula(1128) 95

hoiuoirymua 95

joncsi (1130) 95

lefroyi (1131) 95

lineatua (1123). 95

olistlioatoma (1124) 95,96

peruvianas (1125) 95

plumieri (1122) 95

rbonibeua 96

Gerridaj (Family ex) 95

gibba, Liparis (1399) 115

gibbifrona, Exocoatua (080) 01

< ribbonaia 121

gibljosa 90

Montana 24

Perca 90

gibboanm, 1 !; imilon (1052) 90

gibboaus var. (545 61 47

Cyprinodon 47

Lepomia (875) 77

Lcuciscus 31

gigas, Stereolopia (975) 83

Gila affinia (361) 30

elegana(35S) 30

omorii (363) 30

gracilis (362) 30

graba mi (360) 30

nacrca (301) 30

robusta (359) 30

seminuda (366) (365)
'. 30

gilbprti, Hypaoblennius (1441) 119

Notropis (235) 23

Gillichtbys mirabilia (1237) 10G

Ginglymodi 13

G inglymoatoraa 8

cirratum (24) 6

Girardinua 50

G i rolla 92

nigricana (1008) 91

glaber, Pleuronectea ( 1023) 1 36

{ilacialo, Myctoplium 40

glacialis, Pleuronectea (1624) .'. 136

gladiaa, Iatiopliorua 07

Tyloaurua 59

Xiplliaa (757) 07

Glaniostomi 13

glaucofraenum, Gobius (1234) 105

glaucoatigma, Rkinobatua (59) 10

glaucua, Can harhinus (32) 7, 8

Carchariaa 7

Tracbynotus (801) 71

globiceps, Coryphseua 73

Oligocottus (1364) 113

gloi io.stiM, Enneaeaothus (850) 76

i llosaamia 92

glatinoaa, Mysine (2) ....... 3

Pago.

GlypbidodoE ieclivifrons (1191) 102

saxatilis (1192) 102

troacheli (1192 b) 102

troacheli 102

Glyptocephalua oynogloaaua (1020) 136

zachirua (1627) 136

GuatUanodon 70

Gnathypops maxillosus (1433) 118

mystacinus (1432) 118

rboroaleua (1431) ..' 118

Gobicsocidaj (Family cxxix) 116

Gobicsox adustus (1415) 116

cos (1418) 116

erythrops (1417) 116

maeandricus (1411) 116

rheaaodon (1414) 116

atrumosus (1412) 116

virgatulu8 (1413) 116

zebra (1416) 116

Gobiidte (Family cxxi) 104

Gobio aestivalis 29

plambeus 29

gobioidca, Hypaicomotes (1564) 131

Uranidoa (1328) Ill

Gobiomorus dorniitator (1217) 104

lateralis (1218) 104

Gobionollus 105

ocoanicus (1235) 191, 100

atigmaticus (1230) 100

Gobioaoma bosci (1243) 100

ceutbcecum (1242) 100

hiatrio (1244) 100

ios (1247) 100

longipinne (1246) 10G

zosterurum (1245) 100

Gobius banana (1227) 105

boleesoma (1230) 105

encsaomus (1226) 105

glaucofrsenuin (1234) 105

lyricus (1225) 105

nicbolsi(1233) 105

sagittnla (1229) 105

soporator (1228) 105

atigmaturus (1231) 105

wiirdemanni (1232) 105

goodei, Erimyzon 19

Halosaurus 41

Lucania (584) 49

Ptilicbthys (650) 08

Spinivomer (040) 57

gorbuscba, (jnrorliynrhus (518) 43

goroensia, Trachynbtus 71

gouani, Lepidopus 07

gracile, Bolcoaoma 8J

graciliroattis, Histiopborua 07

gracilis, Diapterua 95

Gadus 130

Gerres (1129) 95,90

Gila(3G2) 30

Hybopsis 28

Moniana 24

1'hoxinus (383) 31

Platygobio (346) 29

Uranidea (13^7) Ill

groellsi, Opbidium 126
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gvahami, Gila (360) 30

grandicornis, Scorpaana (1290) 109

graodia var. (566 &) 49

grandisquamia, Platyglossus 98

Upeneua (1081) 93

grauulata, Raia (69) 11

grayi var 16

griseolineatum, Sipboatoma (684) ...' 61

griseum var. (949 b) 81

griaeua, Labrua 87

Lutjanus (1009) 87

groenlandicum, Microstoma (494) 42

grcenlandicua, Himantolopbus (1649) 139

<; ronias nigrilabria (121) 11

groulandicua var. (1336 b) Ill

gronovii, Nomous (815). 73

grunniena, Aplodinotua (1083) 93

guacamaia, Scarua (1180) 101

guaguanche, Sphyrsena (740) 65

guasa, Promicropa 84

guatemaleitsis, Ariua 15

Galeicbtbys(136)..... 15

gula, Gerres (1128) 95

Pbbxmus (379) 31

guloaa, Uranidea (1317) Ill

golosna, Cluvnobryt tus (846) 70, 77

Lopidogobius (1240) 106

gunelliforrais, Mursenoidea 122

guiinellua, Muracnoides (1471) 122

gunnisoni, Cyprinella 25

gunfcbori, Aapidopbproidea (1372) 113

Hoplopagnis (1005) 86,87

guttata, Coryphama 73

Scorpasna (1294) 109

-lit tat us, Eiineacentrus (992) 85

Epinepbelns 84

Lampris (821) 73

Lutjaims (1011) 87

Percopsia (532) 44

Upailonphorns (1429) 117

gattifer, Opbichtbys (G22) 53

guttulata, Hypsopsetta (1613) 135

guzmaniensis, Catoatomna 17

Pantosteus (153) 17

Gymnacantbus galeatus (1349) 112

pistilliger (1348) 112

tricuapis (1347) 112

Gymnelis stigma 125

viridis (1519) 125

Gymnomurama nectura 51

Gymnotborax afer 52

funebris 52

gymnothorax, Tbyniallus 43

gyrana, Querimana (721) 04

gyrimis, Xotnrus (111) 14

G yropleurodua 5

lladi opterus aspro (902) 79

anrantiacus (908) 79

cinorous (915) 79

cymatotamia (910) 79

evides (905) 79

fasciatus (906) 79

macrocepbalus (900) 79

maculatus 79

niangua> (911) 79

Page.

Hadropterns nigrofasciatus (907) 79

ouacbitae (903) 79

peltatua (904) 79

pboxocepbalus (901) 79

scleras (913) 79

squamatua (909) 79

(oasellatua (914) 79

variatua (912) 79

baeoiatura, Dionda (213) 21

HamiuloD acutum (iu.">t) yo

aurolim atum (1042) 89

chrysopterum 89

elegans 90

flaviguttatum (1041) 89

llavolineatum (1045) 90

fremebundum (1049) 90

pbbosinu (1052) 90

jenignano 89

maculicauda (1040) 89

pluuiieri (1046) . 90

limator (1043) 89

sciuraa (104") 90

acudderi (1050) 90

soxfasciatum (105:!) 90

ateindachneri (1048) 90

tamiatum (1044) 90

Hsemulopsis 88

llalecoiuorpbi 13

Ih.lirutnsa souticosa (1651) 139

Halieuticbtbys aculoatua (105;;) 139

Haliperca- pbcebe 83

halleri, Urolophua (SO) 11

Halocypselua evolans (672) 60

Halop'orphyru8 rostratus 129

viola 129

Halosauridas (Family xlvi) 41

Halosaurus gopdei 41

macrocbir (4S8) 41

oweni 41

hamatus, Ccelns no
Haplocbilus clirysotus 49

melanopa 50

Haplomi 47

Harengula sardina 36

harengulns, Diapterus 95

barcngus, Clupca (438) 35

Myxu a 64

Querimana (720) 64

harfordi, Ptycbocbilus (356) 30

Ilarpe 97,98

diplotsenia 97

pectoralis 97

ilarpodon 39

bastata, Trygon (86) 12

bayi, Hybognatbus (217) 22

Heruiarius 15

Hemibraiicbii 62

Ilemicaraiix 70

hemigymnus, Argyropelecus (533) 45

nemilopiilotus bemilepidotus (1359) 112

jordani (1358) 112

apinosus (1357) 112

bemilepidotus, Ilemilepidotus (1359) 112

Hemirbampbus brasiliensis 90

fasciatus 60
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Hemirhamphus picarti CO

pleei (C68) GO

poeyi 00

richardi 00

roberti(666).' CO

rosa)(GG7) 60

unifasciatus (665) 60

He in irlmm bus oval is 133

piutulus 133

Hemistoma 100

Hemitremia vittata 22

Hemitripterus americanus (1300) 100

cavifrona (1300 b) 100

cavifrons 109

henlei, Triads (29) 7

benshalli, Zygonectes (572) 49

lu-nshiu ii, Apocope 28

benshawi, var. (525 d) 44

hentzi, Hysoblemiius 119

l"sestbes 119

bepatus, Teuthis (1208) 103

heptagouus, Hippocampus 62

Ei ptranchias maculatus (13) 4

beraldi, Tetrodon 141

1 1 no cj anoguttatus (1182) 101

pavonaceus (1183) 101

beros, Lcpomis (870) 77

Hefcerandria formosa (593) 50

occidentalis (594) 50

oramata (595) 50

heteroclitus, Fundulus (5G6) 49

Heterodon 5

heterodon, Notropis (226) 22

Heterodontus 5

Heterosotnata 132

Heterostichus 120

rostratns (1403) 121

heterurus, Exoccetus (677) 61

Hexagrammus asper (1253) 10G

decagrammus (125C) 107

ordinatus (1252) 10G

scalier (1254) 107

superciliosus (1255) 107

Hexanchus corimis (14) 4

Hexanematiehthys. 15

liiaus, Tylosurus (654) 59

ETiatula onitis (1151) 97

billianus, Exocostus CO

Himantolophus grcenlandieus (1649> 139

reinhardti (1650) 139

Hippocampidaj 62

Hippocampus antiquorum G'j

heptagonua 62

hippocampus -

.

62

hudsonius (698) 62

ingens (G9G) 62

punctulatus ((197) 62

stylifer (699) 62

zosterse (700) 62

hippocampus, Hippocampus 62

Hippoglossina macrops (1604) 135

Hippoglossoidea elassodou (Ki07) 135

esilis(1608) 135

.-jordani (1605)' 135

platcseoidos ( 1606) 135

Page.
hippoglossoidea, Keinhardtius (1592) 133

Hippoglossus 135

hippoglossus (1591) 133

hippoglossus, Hippoglossus (1591) 133

hippos, Caranx (787) 70

hippurus, Coryj)ha3na (822) 73

hirudo, Petromyzon (9) 4

hirundo, Lio'cottus (1353) 112

hispidus, Monacantlms (1C64) 1^0

Histiobrauchus infemalis (G41) 56

Histiophorus americanus G7

ancipith ostria 67

gracilirostria G7

histrio, Etheostoma .78

Gobiosoma (1244) 106

Pterophrynoides (1640) 138

Ulocentra (892) 78

Holacanthus ciliaris (1205) 103

strigatus (1204) 103

tricolor 103

holbolli, Ceratiaa (1646) 138

holbrooki, Diplodus (1067) 91

Gambusia 50

Lepomis (873) 77

Ophidion (1526) 126

Holconotus agassizii (1140) 91

analis (1138) 96

argentetis (1139) 96

rhodoterus (1141) 96

HolocentridaB (Family xcv) 75

Holocentrum ascensione (834) 75

matejuelo 75

pentacanthum 75

suborbita le (835) 75

Holocephali 12

Hololepis erochrous 81

homonymus, Gerres 95

Hoplopagrus giiutheri (1005) 86, 87

Hoplostethus mediterraneus (833) 75

hoyi, Coregonus (510) 43

Uranidea (1332) Ill

hudsonia, Clupea 24

Hudsonius euryopa 24

fluviatilis 24

hudsoniaa, Hippocampus (G98) 62

Notropis (24G) 24

humboldti, Phoxinus (373) 30

humcralis, ChsBtodon (1202) ..'. 102

Clupea. 36

Platyglossus 98

humilis, Cottus (1341) Ill

Gambusia (586) 50

Lepomis (SOS) 77

Hybognathus argyritis (215) 21,22

evansi 21

Qavipinnis 21

liayi (217) 22

meeki (214) 21

nigrotajniatus — 21

Ducbalis (216) 21

placita (216 b) 21

regia(216c) 22

osmeiinus 21

placita 21

regvua 21
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Page.

H ybopsis 24

aestivalis (340) 29

amblopa (331 ) 29

rubrifrons (331 b) 29

biguttatus (328) 28

cumingi (329) 28

dissiinilis (333) 29

gelidus (341) 29

gracilis 28

byostomus (337) 29

bypsinotus (332) 29

labrosus (33G) 29

longiceps 23

marconis (339) 29

mouachus (334) 29

montanus (338) 29

plurnbcolus 20

storerianus (330) 28

tuditanus 22

volucellus 23

zanemiis (335) 29

Hyborbyncbus confertus 22

superciliosus 22

Hydrargyra 48

Hydiolagus 12

Hydropblox 2G

bydropblox, Pboxinus (370) 30

Hyodon alosoides (430) 34

selenops (432) 34

tergisus (431) 34

Hyodontidse (Family xxxvj) :!4

Hyoprorus 54

byostomus, Hybopsis (337) 29

Nocomis 29

Hypargyrus tuditanus 22

Hypentelium nigricans (171) 18

Hypercboristus tanneri (490) 41,42

Hyperotreta 3

Hyperprosopon 9G

Hypbakmedrus cbalybeius (503) 42

Hypleurocbilus geminatus (1449) 119

multifibs (1448) 119

Hypociiticbthys 90

hypodns var. (778 b) 70

Decaptorus 70

Hypomesus olidus (501 ) 42

pretiosus (500) 42

Hypoplectrus genima (970) 83

nigricans (969) 83

Hypoprion 7,8

bypselopterus, Notropis (272) 25

Hypsicometes gobioidcs (1564) 131

Hypsilepis iris 24

bypsinotus, Hybopsis (332) 29

II ypsoblenuius brevipinnis (1442) 119

gentilis (1443) 119

gilbcrti (1444) 119

bentzi 119

ionthas (1446) , 119

punetatus (1445) 119

scrutator (1447) 119

Hypsopsettaguttulata (1613) 135

Hypsurus carj-i (1143). !i(_;

Hypsypops dorsalis 102

Hysterocarpus traski < 1 1
''"-) 96

Pago.
bystrix, Diodon (1G78) 141

Icelimis quadriscriatus (1309) 110

Icelus bicornis (1308) 110

bamatus no
Icbtbyapus acutirostris 52

selacbops (612) 52

Icbtbyomyzon 4

Icicbtbys 104

lockiugtoni (826) 73

icistia, Scisena (1088) 93

Icosteidas. (Family xcn) 73, 104

Icosteus 104

ajnigmaticus (825) , 73

Ictaluras furcatus (135) 15

pmictatus (134) 15

Ictiobus bubalus (146) 16

carpio (147) 16

cypiinella (144) 16

cyprinus (149) 17

urus (145) 16

velifor (148) 16, 17

bison (148 b) 16

difformis (148 d) 17

tumidns (148 c) 16

illecebrosus, Albnrnops 23

Notropis (229 ) 23, 24

imberbe, Peristedium (1383) 114

imberbis, Apogon (1073) 92

immaculatus var. (530 b) 44

incoustans, Eucalia (708) 63

inennis var. (72 6) 11

Aspidopboroides (1370) 113

Lut.janus (1017) 87

infernalis, Histiobrancbus (Gil) 56

Mura3na '. 52

ingens, Hippocampus (096) t;2

Iniistius loo

muudicorpus 100

Tniomi 45

Inopsetta 136

inornata, Kaia(72) 11

inornatus, Microlepidotus 88

Ortbopristis (1022) 88

Pomadasys 88

inscripta, Solea ....* 137

inscriptum, Etbeostoma (919) 80

inscriptus, Acbirus (1634) 137

insignis, Catostomus (1G9) 18

Noturus (118) 14

insolatus, Chromis (1195) 102

integripinnis, Cremnobates (1468) 121,122

interraedius, Pboxinus (389) 31

Saurus 39

Synodus 39

interruptus, Anisotremus (1036) 89

Archoplites (844) 76

Eoccus (956) 82

intertinctus, Ecbiopsis 54

OpMcb.tb.ys (627) 53

Opbisurus 54

inlronigra, Dicroleno (1535) 127

in i in is, Zygonectes 50

I. .a, vigilis(SSl) 78

vitre.a (883) 78

[oglossus call i urus (1250). . - 106
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ioiithas, Ccrdalo 120

Hypsoblenniua (1446) 110

ios, Gobiosoma (1247) 100

iowse, Etheostoma (938) 81

irideus var. (524 b) 44

Salnio 44

iris, Hypsilepis 24

ischanus, Stolephorus (4G2) 38

ischyra, Isopsotta (1C1G) 136

ischyrns, Lepomia (85G) 77

Parophrys 136

Isesthes hentzi 119

punctatus 119

isodon, Carcliarliinus (42) 8

Isogomphodon 8

isolepis, Isopsetta (1615) 135,136

Isopsotta ischyra (1616) 136

isolepis (1615) 135, 13G

Isospondyli 34, 45

Istiophorus amerieanus (759) G7

gladius 67

Isuropsia 9

Isnrus clekayi (50) 9

itaiara, Proinicropa (976) 84

Serranus 84

jackaoni, Ditroma (1145) i 97

jacobi, Sciajna (1089) 93

.lacobus, Myripriatis 75

jaok, Cottus Ill

japonicus, Trichodon (1423) 117

jarrovii, Lepidomeda (422) 33

jojunus, Notropis (28S) 2G

joraczanus, Alburnellus 27

joniguano, Haanulon 89

jesaiss, Etheostoma (937) 81

Pcecilichthya 81

jocn, Lutjanus (1008) 87

Johnius carutta 93

saturnus (1092) 93

saxatilia 94

jonesi, Uelone 59

Gerrcs (1130) 95

Jordanella fioridsa (544) 47

jordani, Heinilepidotua (1358) 112

Hippoglossoides (1605) 135

joaephi, Ophidium 120

jngaUs, Moniana 24

Julia lncasaua 99

maculipinna 99

purpureas 99

julis, Labrus 99

kennedyi, Trackynotus (799) 71

kennerlyi, Moxostoma 19

keimicotti, Coregonus (GOG) 43

keta, Onooiliynolius (519) 41

kisutcb, Oncoihyncluis (521) 44

knhli, Sbbastes 108

kumlieni var. (1320 c) Ill

Kyphosna analogus (1070) 92

Bcctatrix (1009) 92

labiatus, Catostomus (162) 17

Labiclitliys carinatus (644) 56

elongatus (645) 56

Labiclesthes sicculus (728) 65

labradoricus, Coregonus (509) '31

Page.

labradoricus, Cottua (133S) Ill

Labrida) (Family cxn) 97

Labrosomus nuckipinnis (1459) 120

xanti (1459 6) 120

xant i 120

zonifer (1460) 120

labrosus, Hybopsis (336) •.

.

29

Labrus anthias 83

falcatus 97

fulvus 85

grisoua 87

Julia 99

raaximua 97

radiatus 98

infus 97

lacera, Quaasllabia (194) 20

lacertosus, Notropis (285) 26

Lacbnolaemas falcatus 97

maximus (1152) 97

suillus 97

laoiniata, Monidia (729) 65

Lactopkij's 139

Laemoneroa barbatula (1549) 129

knetabilis, Moniana 24

laevigatas, Lagocepkalua (1669) 140

•lssvis, Raia (75) 11

Lagoccpbalus la3vigatus (1669) 140

Lagodon 91

lalandivar. (805 6) 71

Scriola 71,72

lampetraeformis, Leptoblennius (1494) 123

lamia, Carcliarliinus (3S) 8

Carckariaa 8

Eulamia 8

lamiella, Carcharbinus (39) 8

Lamna caudata 8

eornubica (51) 9

Lamnidae (Family xiv) 9

Lampetra 4

Lamprididse (Family lxxxix) 73

Lampris guttatua (821) 73

lanceolata, Scircna (108G) 93

lanceolatum, Brancbiostoma (1) 3

lanceolatus, Eques (1094) 94

Larimus breviceps (1097) 94

fasciatns (1096) 94

laterale, Ditrema (1144) 96

lateralis, Alvarius (943) 81

Artedius (1305) 110

Cbaracodon 48

Diabasis 90

Gobiomorus (121S) 104

Philypnus 104

Eicliardsonius (420) 33

laticeps, Aetobatia 12

Atkerina 65

Stoasodon (93) 12

latifasciatua, Cyprinodon (549) 47

latifrons, Anarrhichas (1500) 123

Dormitator (1224) 105

Eleotris 105

Noturus (115) 14

LatUidaa
:

104

Latilns 104

atipinna Mollieneaia (591) 50
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latipinms, Catostomus (157) 17

Zaniolepia (1258) 107

latus, Caranx (78G) 70

laurettae, Corlgoiras (512) 43

Lavinia exilicauda (201) 20

lefroyi, Diapterus 90

Encinoatomus 90

Gerres (1131) 95

Leirus percifqrmis (820) 73

lemmoni, Squalius 31

Ientiginosus, Rbinobatus (GO) 10

leonina, Moniana 24

leoninus, Nbtropia (248) 24

leopardinus, Antemiarius 138

Platophrys (1577) 132

Rhomboidiehtbys 132

Lcpidogobius gulosiis (1240) 10G

lepidua (1238) 100

nowberryi (1239) 10G

thalassinna (1241) 100

Lepidomeda jarrovii (422) 33

vittata (421) 33

Lepidopsetta bilineata (1617) 130

Lepidopus caudatus (762) 67,68

gonani G7

Lepidosteidse (Family xxvm) 13

Lepidosteus 0886U8 (107) 13

platystomua (108) 13

spatula 13

tristcecb.ua (109) 13

lepidum, Etheostoma (935) 81

lepidns, Lepidogobins (1238) 100

Notropis (254) 25

Lepomia albnlus (872) 77

aquilensia (807) 77

auritus (SG3) 77

bombifrons 77

cyanellus (853) 77

elongatus (859) 77

euryorus (871) 77

garmani (805) 77

gibbosus (875) 77

licros (870) 77

bolbrooM (873) 77

bnmilis (8G8) 77

iscbyrua (85G) 77

lirus 77

macroobirns (857) 77

marginatns (80G) 77

megalotis (804) 77

miniatua (802) 77

murinus (860) 77

mystacalia (85S) 77

notatns (874) 77

pallidas (809) 77

pbenax (855) 77

puiictatus (801) 77

symrnetricus (854) 77

loptacantbus, Noturns (112) 14

Leptagonua H4
decagonns 113

Leptarina 15

Leptoblenniua lampetrseformis (1494) 123

imbilus (1-192) 123

serpentiiras (1493) 123

Page.

Leptocardii 3

Leptocephalua morrisi 55

Leptocliuus macnlatus (1488) 123

Leptocottus anuatua (135G) 112

Leptophidium piofondorum (1530) 126

Lcptops olivavis (120) 14

leptorbyncbum, Siphostoma (G8S) 02

Loptoscopidaj (Family cxxxn) 117

lepturua, Anarrbicliaa (1501) • 123

Tricbiurua (7G0) 07

Lotbarchua velifer (013) 52

letbostigma, Paralicbtbya (1597) 134

loncicbtbya, Stenodua 43

leuciodua, ISTotropia (289) 20

Leuciacus bnbaliuua 25

gibbosua 31

lntrensis 24

louciacna, Pouiadasya (1027) 88

leucopus, Ebampboberyx 70

Leucos 32

leucosteua, Calamus (1059) 91

ltucostictua, Pomaccntrua (1185) 101

leucotamia, Pholidicbthya 123

Lencus dimidiatus 32

olivacena 52

Lonrestbea tenuis (727) 05

libertato, Opistbonema (452) 37

libcrtatis, Clupoa 37

Melotta 37

Limanda aapora (1G19) 130

beani (1020) 136

ferrnginea (1G18) 130

limbatns, Carcharhinua (41) 8

limi, Umbra (590) 50

lineata, Corypbajna 100

Sciajna 82

Trigla 115

lineatas var 115

Acbirus 137

Eaox 50

Genyonemns (1098) 94

Gerrea (1123) 95

rhoxinns (382) 31

Pbtbeiricbthys (751) 00

Pleuronectes 137

Eoccus 82

Tetrodon 9. 140

Xyricbtbys 100

Zygonectes (574) 49

lineolata, Mollienesia 50

liueolatum var. (923 c) 80

linpopinnia, Murama 52

Liocottus birnndo (1353) 112

liolepis, Xystreurys (1G03) 135

Lioperca 85

liorns, Chasmistea (172) 18

Liostomus xanthnrns (1095) 94

Liparidro (Family cxxvn) 115

lipaiina, Amitra 115

. Monomitra (1394) 115

Liparis oalliodon (1404) 115

cyclopns (1405) 115

gibba (1399) 115

liparis (1401) 115

arctica (1101 b) 115
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Li pari s major (1397) 115

montaguei (1403) 115

mucosa (1400) 115

pulchella (1398) 115

ranula (1402) 115

ttmicata (1400) 115

liparia, Liparia (1401) 4.. 115

lirus, Lepomis 77

Notropia (302) 27

littoralis, Carcharias (49)

Menticirrus (1105) 94

liturosus, Diodon (1679) 141

lividus var. (127 b) 15

liza, Mugil 64

Lobotes aurinanienaia (1002) 80

Lobotidae (Family civ) 86

lockingtoni, Icichthya (826) 73

lonchura, Opiathognathns (1435) 118

longa, Trygon (88) 12

lougiceps var. (233c) 23

Hybopsia 23

longicollia, Myropbis 54

longidena, Caulolepis (829) 74

bmgimana, Eulamia 8

longimanus, Squalus 8

longipinne, Gobiosoma (1246) 106

longirostris, Catostomus 17

Enleptorbamphua (669) 60

Maltbo 139

Notropis (231) 23

longurio, Caroharhinus (43) 8

Carcharias 8

longua, Opbisurus 53

Lophiidse (Family cxlix) 138

Lophiua piscatorius (1039) 338

radiatus - 139

vespertilio 138

lopbiua, Aroiurua 15

Lopbobrarichii 11

Lopholatilua chamaeleonticeps (1214) 104

Lota lota maculosa (1542) 129

lota, Lota(1542) 129

Lotellamaxillaris(1552) 130

scblegeli 130

Lotinse 128

louisiansB, Sipbostoma (691) 62

Lucania»goodei (584) 49

parva(583) 49

venusta (582) 49

lucasana, Julis 99

lii('::s:uium, Tbalassoma (1166) 99

luceiis, Coraticbthys 24, 48

lucia', Zygonectea (581) 49

lucidus, Luxilus 26

Stolepborus (470) 38

lucioceps, Synodus (480) 39

In. ina, Esox (600) 51

Ptychochilus (357) 30

lndibundus, Notropis (255) 25

lugubrosus, Eaox ,
50

lumbricus, Myropbis (629) 54

Lumpenus anguillaris (1490) 123

lumpeuns (1491) 123

medius (1489) 123

lumpenus, Lumpenus (1491) 123

Tagc.

lumpus, Cyclopterus (1410) 110

lunulatus, Galena (25) 6

Muatelua C

lupus, Amiurus (130) * 15

Ananhichas (1498) 123

lusca, Cyclotlione (537) 40

lutea, Perca (947) 81

luteovinctum, Etbeoatoma (930) SO

lutipinnis, Notropis (279) 26

Opisthopterus (454) 37

Priatigaster 37

Lutjanus 86

analia(lOU) 87

aratua (1016) 87

argentiventria (1006) 87

blackfordi 87

caxia(1007) 87

Colorado (1015) 87

griaeua (1009) 87

guttatus (1011) 87

biennis (1017) 87

jocu (1008) 87

novemfasciatua (1010) 87

prieto 87

stearnsi 87

synagris (1012) 87

vivanus (1013) 87

Lutodeira 35

lutrensis, Leuciscua 24

Notropis (249) 24

luxatua, Cbasmistes.(174) 18

Luxilinus occidentalia (416) 33

Luxilus 26,33

chickasavensis 25

lucidus 26

selene 24

Lyccncbelys paxilloides (1508) 124

paxillua (1507) 124

verrilli (1509) 124

Lycocara parrii (1520) 125

Lycodalepis mucosus (1516) 125

polaris (1018) 125

turneri (1517) 125

Lycodes 125

coccineus (1515) 124

esmarM (1511) 124

mursena 124

nebulosua (1514) 124

paxillua 124

reticulatus (1512) 124

seminudus (1513) 124

. vabli (1510) 124

Lycodidse (Family c.xxxix) 124, 125, 126

Lycodonua mirabilis (1506) 124

Lycodopsis paciflcus (1504) 124

paucidens (1505) 124

lynceum, Etheostoma (917) 8C

Lyomeri 57

Lyopeetta 135

lyricus, < robiua (1225) 106

Lytbrulon 89

Lythrurus 20

l\ I In in us var. (276 b) 26

Notropis 26

macarellus, Decapterus (778) 70
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inarellus, Pvionist ins (1355) 112

mackayi, Siphoatoma (693) 02

maekenziei, Stenodus (517) 43

maclura, Pteroplatea (83) 11

macracanthus, Pomadasys (1033) 89

macrocephalua, Hadropterus (900) 79

macrochilia, Catostomus (163) 17

macroehir, Halosaurus (488) 41

raacrocliirus, Lepomia (857) 77

Macrodonopbia mordax 53

niacrolepidotum, Moxostoma (185) 1 it

macrolepidotus, Engraulis 37

Notropis 20

Pogonicbtbya (350) 30

Stolephoros (458) 37

inacrophlhalina, Clnpea 3G

macrophthalmua, Anthiaa 80

Pi iacanthua 80

maciopoma, Centropristia 82

macropa, Citharicbtbya (1586) 133

HippogloBsina (1604) 135

macropterus, Con trarch us ( 84 1 ) 70

Macrorhamphoaidaa (Family lxx) 02

Macrorhamphoaua acolopax (701) 62

macroatomua, Notropis (257) 25

Macruridffl (Family cxlvi) 131

Macrurus 129

acrolepis (1569) 131

asper (1572) 131

bairdii (1571) 131

berglax (1568) 131

carmiuatna (1570) 131

fabricii 131

rirpeatria 131

macrurus, Ophichthys (023) 53

niaculai ins, Cyprinodon (552; 47

maculatum var. (885 d) ..- 78

Aulostoina (705) 63

] loleosonia 78

Cynoacion (1120) 95

Etheoatoma (921 ) 80

maculatus, Alvordius 79

Apogon (1074) 02

Bothns (1576) 132

Oyptacanthodea (1497) 123

Dormitator (1223) 105

Galeocerdo (31) 7

Galeua 7

Hadropterus 79

Heptrancbiaa (13) 4

Leptoclinus (1488) 123

Notropis (225) 22

Ehypticua 8G

Scomberomorns (767) G8

Upeneua (1079) 93

rnaeulicauda, Hsemulon (1040) 89

maeulipinna, Julia 90

Platyglossus (1161) 99

macnlocinctus, Cba-todou (1199) 102

raaculofasciatus, Serranua (967) 83

maculosa var. (1542) 129

maculostis, Oligocottus (1363) 113

ma?audricua, Gobiesox (1411) 110

raojalis, Fundnlus (557) 48

major, Liparia (1397) 115

Page.

Makaira uigricana 07

Malacauthidoe -(Family cxx) 104

Malaeanthus 104

Malacosteus niger (492) 42

maliger, Sobaatichthys (1287) 108

Mallotua villosua (405) 42

malma, Salvelinua (529) 44

Maltbe cubifrons 8, 139

elater(1652) 139

longirostria 139

radiata 8

Tespertilio (1051) 139

radiata (1051 b) 139

Maltbida' (Family cm) 139

manatinus, Baratbrodemiis (1534) 127

Mancaliaa aranoacopus (1047) 138

manitou, Percina 79

Manta birostria (97) 12

marconia, Hybopsis (339) 29

mai garitatua, Poricbtbya (1420) 110

margaritus, Pboxinua (378) 31

marginata, Uranidea (1325) ill

marginatum, Opbidion (1525) 120

marginatua, Dinematicbtbya (1532) 127

Lepomia (806) 77

mariuua, JEluriihthys (141) 1G

Petromyzon (11) 3,4

Sebastea (1262) 107

Tyloaurua (000) 59

marmorata, Pteroplatea (84) 11

marmoratua var. (125 c) 15

Amiurus 15

Cremnobates (1465) 121

Scorpffinicbthys (1361) 112

Marsipobranchii 3

martinicua, Upeneua (1080) 93

Mascalongus 51

Maatacembelidss 58

matejuelo, Ampbiprion 75

Holocentrum 75

matutinua, Notropis (301) 27

matzubara;, Sebaatichtbys (1275) 107,108

Maurolicua borealia (487) 40

maxillaria, Lotella (1552) 130

Murtenoides (1474) 122

raaxillingua, Exoglosaum (220) 22

maxilloaus, Gnathypops (1433) ... 118

maximua, Cetorhiims (53) 9

Labrua 97

Lachnohrmua (1152) 97

Maynea 125

mazatlana, Seriola (800) 72

Solea 137

mazatlauua, Acbirus (1033) 137

Medajargentiaaima (424) 33

fulgida (423) 33

mediocria, Clupea (443) 36

mediroatris, Acipenaer (103) 13

mediterraiieus, tloplosteth.is (S33) 75

medius, Centropoums 82

Lnmpeuua (1489) 123

Stromateus (817) 73

meeki, Hybognatbua (214) 21

megacepkalus, Chitonotua (1310) 1 16

megalepia, Doratonotua 99
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Megalopa atlauticus (434) 34

notata 30

oglina 3fl

megalopa, Alburnellua 20

Cyprinus 2G

Notropis (273) 2G,27

Tiycberodoii- 33

megalotis, Leporuis (864) 77

Melampbaea 74

melanogaster, Plouronectea 134

Melanogramnraa acgleflnus (1555) 130

melanopoma, Polyneniua CO

melanopa, Dionda (206) 21

Haplochilua 50

Minytrema (177) 19

Sebasticbthya (1205) 107

melanoatictua, Paettichthya (1G09) 135

Melanostigma gelantinoaum (1521) 125

melanura, Nettastoma 54

melanurum. Nettastouia 55

melannnis, Exocoetus 01

melas, Amiurua (124) 14

noelastomus

Meletta libertatia 37

Melletea papilio (1360) 112

Menidia audena (732) 65

beryllina (733) 65

DOSCi 65

lnciniata (729) 05

menidia (734) 05

notata (731) 05

peninsula (735) 65

vagrans (730) 65

menidia, Menidia (734) 05

rnenona, Fundulua 49

Menticirrua 33

albnmna (1109) 94

elongatus (HOC) 94

littoralis (1105) 94

nasna (1111) 94

nobulosua 94

panamensis (1110) 94

aaxatilis (1108) 94

nndulatua (1107) 94

meridionalis var. (1320/) Ill

merlu, Coregonua (511) 43

Merluciua bilinearia (1565) 131

merluciua (1566) 131

product us (1507) 131

merlncins, Merlucina (1500) 131

mesceum var. (885/) 78

meaogaater, Exocoetua CO, 01

Parexocoetus (671) GO

Meangoniatiua cbsetodon (852) 76

Meaoprion argentiventria ff 87

campecbanus 87

vivnnua 87

motallica, Agoaia(323) 28

metallicna, Nbtropis (303) 27

mexicannm, Dorosoma (456) 37

miarclins, Stolcpborna (468) 38

Mici iatodna punotatua (54) 10

naicrocepbalua, Gaal pi'ostena (710) 63

SoTOiiioans (17) 5

Microdeamna dipna (1522) 125,126

Page.

Microdesuiua retropinnia 126

microdon, Pseudotriacia (23) 6

Psotidotrakis 6

Microgadus proximus (1559) 130

touicod (15G0) 130

Slicrolepidotua inornatus 88

microlepidot.ua, Ortbodon (200) 20

Prionurua 103

microlcpia, Mycteroperca (979) 84

Micrometrua aggregatna (1137) 90

micronemna, Periatedion 114

Microperca fonticola 81

micropbtlialmna, Dormitator 105

Micropogon ectcnca (1100) 94

undulatua (1099) 94

micropogon, Ceraticbtbya 28

micropa, Caulolatilua (1216) 104

Cottirneulua (1303) 110

Microptcrus dolomioi (877) 77

aalmoidea (87G) 77

micropteryx, Notropia (311) 27

micropua, Etrumeua 35

microatigmina, Myropbia 54

Microstoma grcenlandicum (494) 42

microatomns, Citbariobtbya (1589) 1 33

Minnilua 23

milneri, Nocomia 29

Pagcllua 91

milnerianua, Pboxinua (404) 31

miniatnm, Peristediuru (1382) 114

miniatua, Lepomia (8G2) 77

Sebasticbt bya (1274) 108

Miniellns 20

minima, Abeona(1133) 9G

Minnilua 22

dincmna 27

diplaimiua 26

microstomaa 23

nigripinnia 26

riibripinnia 27

minor, Anarrbicbaa (1499) 123

minnta, Uranidea (1322) Ill

Minytrema melanopa (177) 19

mirabilis, Clupea (439) 35

Gilliohtbys (1237) 106

Lycodonua (1506) 124

Phenacobina (310) 27

miasmiensis, Cliola 23

mitchilli, Stolephoroa (466)
'. 38

mitia, Balistca 140

miurua, Noturua (116) 14

Opbicbtbya (619) 53

modcstns, Anisotrcmua 89

I'lioxinus (401) 31

Paendojulis (1105) 99

Mola niol:i (1G83) 141

mola, Mola (1G83) 141

Molacantlms nummularis 141

Mollienesia latipinna (591) 50

lineolata 50

mollis var. (1635 b) 137

Molvamolva (1553) 130

molva, Molva (1553) 130

Monacantlma ciliatns (1663) 140

davidsoni 140
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Monncantbua Mspidua (1064? 1 to

occidcutalia 140

pulltis (1G6G) HO
spflonotus (1GG5) 140

monachua, Hybopais (334) 29

mouse, Stephanoberyx (828) 74

Moniana 24

aurata 2.
r
>

complanata 24

couclii 24

deliciosa 23

frigida 24

gibbosa 24

gracilis 24

laatabilis 24

leonina 24

nitida 23

proaerpina 25

pulchella 24

rutila 24

Monochir piloaua 137

reticnlatua 137

Monolene sessilicauda (1630) 130

Mouomitra liparina (1394) 115

monopterygiua, Aspidopboroidea (13(i9) 113

Pleurogrammna (1251) 100

raontaguei, Liparis (1403) 115

montamis, Hybopsia (338) 29

Pboxinua (372) 30

Mora . 129

mordax, Crotalopsis 53

Maerodonoplris 53

( Ipbichthys 53

Oameraa (498) 42

Sidera (007) 51

rpoWllga, Sidera (011) 52

morio, Epinephelua (983) 84

Morone 82

niorrisi, Leptocepbalus 55

Motella septentrionalia 128

Moxoatoraa album (182) 19

anisnrum (190) 19,20

aureolum (180) 19,20

bucco 19

cervinum (192) 20

cla'viformis 19

congestum (1 88) 19

fimiis (189) 20

coregonua (181) 19

crassilabre (187) 19

kennerlyi 19

macrolepidotum (185) 19

duquesnei (185 6) 19

papillosum (178) 19

pidienae (ISO) 19

poecilurum (191) 20

fcbalaaaimim (183) 19

valencienneai (184) 19

velatum (179) 19

mucosa, Liparis (1400) 115

mucoaua, Lycodalepis (1510) 125

Xiphiater (1481 ) 122

mucronatua, Neoconger (033) 54

Mugil albula.-.. 04

1 nasi lien sis 04

Pago.

Mugil cepbalus (715) 04

chauos 35

curema (717) 04

gaimardianns (716) 04

liza 04

salmoucus 35

triohodon (718) 04

MugilidsB (Family r.x.w) 04

mUlleri, Myctopluim (485) 40

Salmo 40

Scopehis 40

Mullidas. (Family cvm) 92

Mulloidcs llavovittatus 93

Mullua barbatus auratus ( 1078) 92

multifasciata, Adinia (550) 48

multifasciatus, Anthias (971) 83

Pronotogramura8 83

multifllis, Ilyplcnroihiliis (1448) 119

multiguttatuni, Plectropoma 84

multiguttatus, AJphestes (991) 84

mundioeps, Xyrichthys (1109) 100

uiundieorpus, Iniistiua 100

Novacula 100

Xyiicbtbys (1170) 100

mundns, Dactyloscopus (1424) 117

Murasna afra 52

dovii 51

funobris 52

infernalis 52

lineopinnis 52

pinta (G05) 51

pintita 51

retifera (004) 51

mnrscna, Lycodes 124

Muraenesox conicepa (035) 55

Muxaenidaa (Family lviii) 51

Murasnoblenna nectura (003) 51

olivacoa 51

Mura noidcs dolicbogaster (1475) 122

fasciatns (1472) 122

gunelliformis 122

gunnellus (1471) 122

maxillaris (1474) 122

ornatus (1473) 122

mnrinus, Lepomia (800) 77

Mustelus lunulatus

mustelus, Galena 6

Squalua 6

Mycteroperca bonaci (980) 84

xanthosticta (980 b) .. 84

falcata phonax (978) 84

microlepis (979) 84

rosacea, (977) 84

venonosa (981) 84

Myctophum boops (480) 40

crenulare (484) 39

mulleri (485) 40

mydrus, Cyprinodon (553) 47

Myliobatidas (Family xxin) 12

Myliobatia californicus (95) 12

freminvillei (94) 12

Mylocbilus caurinua (352) 30

Myloleucua -• 32

parovanua 32

tbalaaainua 32
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Mylopharodon conocepbalus (353) 30

myops, Synodus (482) 39

Myrichthys tigrinua (C2S) 54

Myriolepis zonifer (1200) 107

Myriopristis occidentalis 70

poecilopus 70

Mj ripristis jacobus 75

occidentalis (83G) 75

pcecilopua (837) 75

Myropbis egmontis (662) 54

longicollis 54

lunibricus (029) 54

microstigmius 54

punctatus (030) 54

vafer (631) 54

mystacalis, Lepomis (858) 77

uiystaeinus, Gnatbypops (1432) 118

inystinus, Sebasticbtbys (1207) 107

Mysine glutinosa (2)
". 3

Myxinidae (Family u) 3

Myxodagnus opercularia (1427) 117

Myxodcs 117

Mysua barengus 64

nacrea, Gila (364) 30

namaycush, Salvelinus (520) 44

Nannostomus 80

nanomyzon, Catostomua 17

Nanostoma elegana 80

Nareiue brasiliensia (78) 11

eorallina (78 b) 11

umbrosa (79) 11

nun si, Salvelinus 44

narinari, Stoasodon (92) 12

nasus, Menticirrus (1111) 94

Umbrina 94

nasutus, Agonostonius (722) 64

Tracbynotus 71

natalis, Amiurus (127) 15

JMauerates G9

ductor (803) 71

Ecbeneis (750) 60

Nauticbtbys oculofasciatus (1367) 113

navaga, Gadus 130

Pleurogadus (1558) 130

nebularis, Platopbrys (1578) 132

nebulifer, Catostomus (158) 17

Sen-anus (908) 83

nebulosa, Aphoristia (1638) 137

nebulosus, Amiurus (125) 14, 15

Lycodes (1514) 124

Menticirrus 94

Sebasticbthys (1289) 108

nectura, Gymnomuraena 51

Murtenoblemia (603) 51

nelaoni, Coregonus (507) 43

Nematistius C9

pectoralis (811) 72

Nematognathi 14

Nemicbthyidas (Family lxiii) 56

Nemichthys avocetta (643) 56

scolopacena (042) 56

Neoclinus blancbardi (1458) 120

satiricus (1457) 120.

Neoconger mucronatus (<;:;:;) 54

ueogasus, Phoxinus (402) 31

Pago.

Neoliparis 115

nepbelus, Tetrodon (1073) 141

nerka, Oncorhyncbus (522) 44

Nestis 64

Nettastoma melanura 5

melanururn . . : 55

procerum (634) 54,55

Netnma 15

nevisense, Etbeostoma 79

newberryi, Lepidogobius (1239) 106

nianguaj, Hadropterus (911) 79

uicbolsi, Gobius (1233) 105

niger, Astronestbes (493) 42

Chiasmodon (1437) 119

Cottus (1345) Ill

Malacosteus (492) 42

Petromyzon 4

Phoxinus (392) 31

nigra, Ftbeostoma. 78

nigrescens, Cenlropomus (951) 82

Corypboena 82

Pboxinus (400) 31

Tigoma 31

nigricans, Amiurus (132) 15

Catostomus 18

Girella (1068) 91

llypentebum (171) 18

liypoplectrus (969) 83

Makaira 67

nigrilabris, Gronias (121) 14

nigripinnis, Coregonus (514) 43

Miunilus 26

Rhypticus (999) 80

nigrirostris, Chsetodon (1203) 102

Sarotbrodus 102

nigritus, Epinepbelua (982) 84

nigrocinctus, Sebasticbtb.ys (1291) 108

nigrofasciatus, Fundulun 49

Hadropterus (907) 79

nigrotaeniatus, Hybognatbua 21

nitida, Moniana 23

nitidus, Notropis (232) 23

Pomadasys (1029) 88

Salvelinus 44

niveatus, Epinepbelua (986) 84

niveiventi is, Amiurus (131) 15

niveus, Notropis (205) 25

nivipes, Emblem aria (1350) 120

nobile, Cynosciou (1112) 95

nobilior, Esox (001) 51

nobilis, Conodon (1020) 88

Gambusia (589) 50

Kbcomis 28

byostomus 29

milneri 29

uocomis, Notropis (237) 24

noctumua, Koturns (113) 14

Nomcida' (Family IAXXV1I) 72

Nomeus gronovii (815) 72

nonnalis, Bassozetns (1530) 128

notabilis, Argyreus 28

N'otacantbidss (Family txyn) 58

N"otacantbus analis (053) 58

cliriniiil/.i (651) 58

pbasganorus (052) 58
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Notarius 15

not ata, Cyprinella 25

Megalops 36

Menidia (731) 05

notaturn, Pristipoma 89

in >t at us, Lepoinia (874) 77

Notropis (258) 23

Pimephales (219) 22

Porichtliys 116

Tylosurua (G58) 59

Zygonectes (576) 49

Notemigonus chrysoleucus (418) 33

bosci (418 6) 33

gardoneus (417) 33

Nbthonotus 80

iiotli um, Oynoscion (1115) 95

NotidanidaB (Family v) 4

Notogrammus rothrocld (1487) 123

Notorhynchus 4

Notoseina dilerta 134

notospilotus, Artediua (1306) 110

notospilus, Pseudojulis (1164) 99

Notropis 21

alabamte 27

altipinnis (291) 26

amabilia (292) 26

amarus 24, 28

analostarms 25

anogenus (227) 23

ardeiis (296) 26

atripes (296 c) 26

cyanocepkalus (296 d) 26

lythrums (296 b) 26

ariommus (286) 26

atherinoidea (308) 27

bellua (300) 27

bifrenatus (224) 22

bivittatua (295) 26

blennius (244) 23, 24

boops (243) .. 24

bubalinus (253) 25

callisema (252) 25

calliatius (266) 25

camurus (263) 25

cercostigma (260) 25

stigmaturus (260 6) .

.

25

cbalybasns (282) 26

ohiliticus (281) . .* 26

chloristiua (269) 25

cblorocepkalus (280) 26

cblorua (239) 24

chrosomua (283) 26

coccogenia (274) 24, 26

coeruleua (2GS) 25

cornalis (240) 24

delicioaua (233) 23

longieeps (233 c) 23

stramineus (233 b) 23

Tolucellus (233 d) 23

dilectua (309) A 27
' donminus (312) 27

euryatomua (264) 25

formoaua (351) ' 25

fretenais (230) 23

galacturus (262) 20

Page.

Notropis gamiani (256) 25

gilberti (235) 23

heterodon (226) .. 22

hudsonius (246) 24

amarus (246 6) 24

hypselopterua (272) 25

illeeebrosna (229) 23, 24

jejunus (288) 26

lacertosus (285) 26

ltoninus (248) 24

lepidus (254) 25

leuoiodus (289) 26

lirus (302) 27

longiroatris (231) 23

ludibnudus (255) 25

lutipiunia (279) 26

lutrensia (249) 24

lytbrurua 26

macrolepidotus 26

macrostomus (257) 25

macrtlatus (225) 22

matutinua (301) 27

megalopa (273) 26, 27

cyaneua (273 c) 26

frontalis (273 6) 26

metallicus (303) 27

micropteryx (311) 27

nitidus (232) 23

niveus (265) 25

nocomia (237) 24

notatus (258) 25

ornatua (247) 24

phenacobius (23S) 24

photogenis (305) 27

piptolepis (241) 24

procne (234) 23

proserpina (200) 25

punctulatus (298) 27

pyrrhomelaa (271) 25

roaeipinnis (299) 27

roseua (277) 26

mbricroceua (278) 26

rubrifrona (310) 27

scabricepa (287) 26

scepticus (334) 27

scylla (236) 24

simus (245) 24

socius (293) 26

spectrunculua (229) 23

spilurua (290) 26

stilbius (307) 27

stramincua 23

swaini (294) 26

telescopus (306) 27

timpanogensis (313) 27

lopeka (242) 24

tricbroistius (267) 25

umbratilis (297) 27

venustua (259) 25

whipplei (261) 25

xsenocepbalus (284) 26

xrenurua (270) 25

zonatus (275) 26

zoniatius (276) 26

Noturns elaasochir 14
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Koturus eleutbcrus 14

exilis (117) 14

flavus U10) 14

funebris (114) 14

gyrinus (111) 14

insignia (118) 14

Iatifrons (115) 14

leptacantbus (112) 14

miurus (116) 14

nooturnus (113) 14

Novacula mundicorpus 100

Novaculiebtbys callosoma 100

noveml'asciatus, Lutjanus (1010) 87

novemradiata, Agosia (324) 28

nox, Cremnobates (1160) 121,122

nubila, Agosia (326) 28

Apocope 28

Oliola 21

Dionda (212) 21

uubilus, Leptoblennius (14!)?.) 123

nucbalis, JGluricblbys 10

Hybognathus (216) 21

nucbipinnis, Labrosomus (145!)) 120

nummularis, Molacanthus Ill

obesa, Algansea (40G) y2

obesus, A miurus 14

Enneacantbus (840) 70

Phoxinus (386) 31

oblonga, Platessa 134

oblongus var. (176&) 19

Paralicbthys (1600) 134

Pleuronectes 134

Psendorbombus 134

obscuratus, Pomacentrus (1184) 101

obscurus, Carckarkinus (33) 7

obtusirostris, Exoccetus 00

occidentalis, Catostomua (164) 17, IS

Ei terandria (594) 50

Luxilinus (410) 33

Luxilus 33

Monacantkus 140

Myriopristis 76

Myripristis (836) 75

Torpedo (76) 11

occipitalis, Scorpasna (1298) 109

oceanicus, Gobionellus (1235) 104, 100

ocellaris, Fundulna (507) 49

Platessa 134

Psendorbombus 134

ocellata, Raia (64) 11

Sciajna (1091) 93

Sidera(609) 51

ocellatus var 138

Anarrhicbtbys (1502) 123

Antennarins (1642) 138

ChsBtodon (1200) 102

Citharicktkys (1570) 133

Opbicktkys (621) 53

Rbombus 132

Zenopsis (827) 74

octodecimspinosus, Cottus (1333) Ill

octofilis, Polynemus CO

octonemus, Polynemus (740) 6G

oculofascial us, Nautichtbys (1307) 113

Ocyurus chrysurus (1018) .*. 87

Page.

Odontaspididee (Family xm) 9

Odontaspis 9

taurus 7

Odontopyxis trispinosus (1378) 114

cerstedi, Seleuo (792) 71

ogac, Gadus (1557) 130

oglina, Megalops 30

oglinum, Opistlioncma (451) 36

olfersi, Argyropelecns (534) 45

Plonrotbyris 45

olidus, Hypomesus (501) 42

Oligocottus analis (1362) 113

globiceps (1304) 113

maculosus (1303) 113

Oligoplites 70

altus (812) 72

sauius(813) 72

olistbostoma, Gerres (1121) 95,96

olivacea, Algansea (412) 32

Muncuobleuna 51

olivacous, Leucus 32

olivai is, Leptops (120) 14

olmstedi, Boleosoma (885) 78

olriki, Aspidopboroides (1371) 113

ommata, lieterandria (505) 50

omostigma, Genypterus 126

Otopbidium (1520) 120

Oncorbyuohiis gorbuscba (518) 43

keta(510) 44

ldsutcb (521) 44

nerka (522) 44

tchawytcha (520) 41

Oneirodes escbricbti (1048) 130

Oninffl 128

onitis, Hiatula (1151) 07

Onos ensis (1539) 12S

reinbardti (1538) 128

rufus (1540) 128

septentrional is (1541) 128

ontariensis var. (516 b) 43

Tbymallus 43

opercularis, Myxodagmis (1427) 117

Polynemus (715) 66

Stolephorus (450) 37

Opbicbtbys 52

cbrysops (624) 53

guttifer (622) 53

intertinctu.8 (027) 53

macrurus (623) 53

miurus (010) 53

niordax 53

ocellatus (021) 53

punctifer 53

sebnoideri (626) 53

triserialis (620) 53

xysturus 53

zophocbir (025) 53

Opbidiidae (Family exi.ni) 120

Opbidion beani (1527) 120

bolbiooki (1520) 120

marginatum (1525) 126

Opbidium graellsi 126

josepbi 126

l larri i 125

Opbioblennius webbi (1438) 119



[171] CATALOGUE OF THE FISHES OF NORTH AMERICA. 959
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Opbiodou elongatus (1257) 107

Oph isuraphis 52

Opbiaurua acuminatus (617) 53

c inteitinctus 54

lungus, 53

xyaturus (618) 53

opbryas, Paralicbtbys 134

Prionotus (13S7) 115

Opistbartbri 4

Opistbogutbida> (Family cxxxiv) 118

Opiatbognatbus 104

loncbura (1435) 118

punctata (1436) 118

rhomaleus 1 18

scapliiura (1434) 118

Opisthomi^. 58

Opisthonema libertate (452) 37

oglinum (451) 3C

Opisthopterua lutipinnia (451) 37

( >psopc6odua emilias (415) 33

oquasaa, Salvclinua (527) 44

Oreyuus alalonga (773) 69

thynuua (774) 69

ordinatus, Hexagrammua(1252) 106

oreaa, Cluosomus (203) 20

oregonensiss, Ptychocbilua (354) 30

ornata var. (07) 11

ornatnm, Campostoma (195) 20

ornatus, Cocbloguatbus (221) 22

Mursenoides (1473) 122

Notropis (247) 24

Oruicbtbvs 114

orqueta, Cbloroscombrus (795) 71

Ortbagoriacidae (Family clvii) 141

Orlbagoriscua 141

Ortbodon microlepidotna (200) 20

Ortbopristia brevipinnis (1023) 88

cautbarinus (1024) 88

chalceua (1025) 88

cbrysoptorua ( 1026) 88

inornatua (1022) . 88

Ortboatueobua 89

oacula, Agosa (327) 28

oaculua Argyroua 28

osmerimis, Ilybognatbua 21

Oanicrua attenuatua 42

dontex (499) 42

mordax (498) 42

tbaleicbtbya (497) 42

ossoua, Lcpidostoua (107) 13

osteocbir, Kbornbocbirus (755) 06

Ostraoiida) (Family cliii) 139

Ostracion quadricornis 139

trieoriio (1657) 139

trigouuiu (1656) 139

triquetrum (1655) 139

otbonoptorum, Cynoacion (1116) 95

Otolithus roticulatua 95

Otopbidium omoatigma (1529) 126

taylori (1528) 126

otry liter, Caranx 70

ouachiteB, Hadropterus (903) 79

ovalis, Citbaricbtbya (15S1) 133

Hemirbombua 133

Sebaaticbtbya fl269) 107

Page.

oxygoueinoa, Epiuepbelus 83

Oxygcuemu pulvcruloutum (198) 20

Oxyjulia 09

Oxylebiua pictua (1259) 107

oxyibyncbua var. (101) 13

Tetrodon Ill

ozarcanum var. (885 e) 78

paeificua, Cyuicoglossua (1028) 136

Lycodopaia (1504) 124

Tbaleicbtbys (496) 42

patidua, Citbariebtliya (1580) 133

Hemirbombua 133

Pagellua milueri 91

penna 91

pagras, Sparua (1054) 90

pallidas, Lepomis (869) 77

Platygobio 29

Pomotis 77

palmipea, Prionotus (13S5) 114

paluatria, Pa-cilicbtbya 81

panamensis, iEluricbthya (142) io

Caranx 70

Citbaricbtbya (1582) 133

McnticirruB (1110) 94

Pomadaays (1031) 89

IJmbrina 94

pandioaia, Apogon (1077) 92

pandora, Pboxinua (377) 31

Pantosteus bardus 17

delphinns 17

generoaus (152) 17

guzmanienais (153) 17

platyrliyncbua 17

plebeius (151) 17

vireacena 17

papilio, Melletes (1360) 112

papillifer, Cbologaater (543) 47

papillosum, Moxostoma (178) 19

paradoxus, Psycbrolutes (1302) 109

Paralabrax 83

Paralepididai (Family XLIII) 38

Paralicbtbys 135

adspersus (1594) 133

albigutta (1598) 134

califormcua (1595) 133

dentatua (1596) 134

lethoatigma (1597) 134

oblongus (1600) 134

1 >pb ryas 134

squamilentus (1599) 134

Parautbias furcifer (973) 83

parasiticus, Simeucbelya (639) 56

pardua var. (1419 b) 116

Parequea 94

Parexocoetua meaogaater (671) 60

pariotalia, Coliscus 22

parmatus, Setarcbea (1299) 109

parmifera, Kaia (70) 11

Paropbrya iacbyrua 130

vetulua (1014) 135

parovana, Algauaea (409) 32

parovanus, Myloleucua 32

panii, Lycocara (1520) 125

Opbidium 125

paru, Stromateua (810) 72
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parva, Lucania (5S3) 49

parvipiuue, Cynosciou (1117) 93

Etheostoma (931) SO

parvipinnis, Fundulus. (559) 43

patronus var. (453 b) 37

patruelis, Granibrtsia (585) 50

pancidens, Lycodopsis (1505) 124

paucispinis, Sebastodes (1263) 107

pavo, Xyrichtbys 100

pavonaceus, Heros (1183) 101

paxilloides, Lycenchelys (1508) 124

paxillus, Lycenchelys (1507) 124

Lycodes 124

pectinatus, Pristis (56) 1°

pectoralis, Bodianus (1155) 07

pectoralis, Dactyloacopua (1425) 117

Dallia (G02) 51

Harpe 97

Nematistius (Sll) 72

Pcdiciilati 138

pedimaeula, Ceiitropomus (952) 82

pelamys, Euthynnus (776) 69

pelecanoides, Eurypharynx 58

pellucida, Ammocrypta (880) 77

pellncidns, Delothyris (1629) 136

Thyris 136

peltatum, Etbeostoma 79

peltatus, Hadropterus (904) 79

peninsulas, Menidia (735) 65

penna, Calamus (1000) 91

Pagellus 91

pennatula, Calamus 90

pensacolse, Clupoa (449) 36

pcntacanthum, Holoceutruni 75

Perca ascensionis - 75

cbrysoptera 88

furva S2

gibbosa 90

lutea(947) 81

philadelphica 92

aaxatilia 82

sectatrix. 92

septentrionalis 82

trifurca 82

unimaculata 91

variabilis - 108

venenosa 84

Percesoces 64

Percidas (Family xcix) 77

perciformis, Leirus (820) 73

Percina caprodes (899) 79

zebra(8996) 79

manitoti 79

percobromua, Alburnellus 27

Percomorpbi 66

Percopsidse (Family L) 44

Percopsis guttatus (532) 44

perfasciatus, Engraulis 38

Stolepborus (463) 37,38

Peristedion micronemus 114

Peristedium imborbe (1383) 114

miniatum (1382) 114

in n ico, Scarus (1181) 101

perrottetii, Prist us (57). 10

personatus var. (747 6) 66

Page.

perthecatus, Stolepborus (461) 37

peruvianas, Gerres (1125) 95

Petromet opon 85

Petromyzon bairdii •.
.- 4

bdellium (8).- 4

castaneus (10) 4

hirudo (9) 4

marinus (11) 3, 4

dorsatus (116) 4

niger 4

plumbeus 4

PetromyzontidiB (Family iv) 3

petrosua, Serranus 84

petua, Acanthocybium 68

Cybium 68

Pbanei odon 97

Pharyngognathi 66

phasganorua, Notacanthus (652) 58

Phenacobius catast minis (317) 27

mirabilia (316) 27

teretulus (315) 27

uranops (»18) 27

phenacobius, Notropis (238) 24

phenax var 84

Lepomia (835) 77

pbiladelpbica, Perca 82

pbiladelphicus, Serranus (960) 82

philippi, Cestracion 5

Pbilyiinus lateralis 104

pblebotorous, Acantburns 103

phlegethontis, Phoxinua (405) 31

phlox, Ulocentra (889) 78

pbcebe, Centropristis 83

Haliperca 83

Serranus (904) 82

Pholidichthys angulllifonnis (1495) 125

leucotamia (123) 123

Pbolis 119

Pbotogenia piptolepis 24

stigmaturiis 25

photogenis, Notropis (305) 27

Phoximis 27

alicise (390) 31

ardesiacus (376) 31

atrarius (395) 31

bicolor(385) 31

coeruleua (398) 31

conformis (384) 31

conspersus (393) 31

cooperi (399) 31

eopei (391) 31

crassicauda ("94) 31

crassus (397) 31

cruoreus (375) 13

egregius (381) 31

elongatus (366) 30

estor (308) 30

flammeus (408) 31

funduloides (369) 30

galtiro(374) 31

gracilis (383) 31

gula (379) 31

bumboldti(373) 30

hydrophlox (370) 30

intermedins (389) 31
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31

HI

31

31

HO

HI

Ht

31

31

31

Pboxinus lineatus (382)

margaritus (H78)

inilneriaims (404)

modestus (401)

inoutanus (372)

neogaeus (402)

niger(392)

nigrescens (400)

obesus (38G)

pandora (377)

pblegetbontis (405)

pulcbellus (38S) 31

pulcber (HS0) 31

purpureus (387) 31

squamatus (396) 31

taenia (371

)

30

vaudoisulus (367) 30

phoxocephalns, Hadropterua (901) 79

Phtheirichthys lineatus (751) 66

Phycis cheateri (1548) .' 1'29

chuss (1546) 129

earlli (1545) 129

lloridanus (1544) 129

regius (1543) 129

tenuis (1547) 129

yarrelli 129

Pbysiculua dalwigbii .' 130

fulvua(1551) 130

physignathus, Couesius (345) 29

picarti, Hemirbampbua 60

Picorellua 50

picturatua, Tracburua (779J 70

pictus, Chaunax (1645) 138

Oxylebiua (1259) 107

picuda, Spliyrasna (741) 65

pidienae, Moxostoma (180) 19

Pileoma zebra 79

I>ilosa, Solea 137

pilosus, Monocbir 137

Tricbodiodon (1677) 141

Pimelepteridae 92

Pimelepterua analogus 92

bosci 92

Pimelodus catulus '.

.

.

14

Fimelometopon 98

Pimephales notatns (219) 22

promelaa (218) 22

confertus(21S&) 22

piugcli, Triglops (1354) 112

piuuatus, Syuapbobrauchus (640) 56

pinniger var. (851 b) 70

Sebasticbtbys (1273) 107,108

pinnimaculatus, iEluricbthys (143) 16

pirmulatua, Elagatis (810) 72

pinta, Mursena (605) 51

pintica, Mursena 51

piptclepis, Notropis (241) 24

Pbotogenis 24

pisr Uorius, Lophius (1639) 138

1'is'es 4

pifaris, Eleotria (1220) 105

pi'tilligor, Gymnacantb.ua (1348) 112

p uitosus, Rbypticus 86

i icitavar. 21

Hybocnatbus 21

S, Mis. 70 61

Page.

Platopbarynx carinatua (193) 20

plagiusa, Apboriatia (1637) 137

Plagopterus 33

Plagyodna a?sculapiua (473) 38

borealia (474) 38

ferox (472) 38

Plateaaa oblonga 134

ocellaria 134

plateaaoidea, Hippoglosaoides (1606) 135

Platichthya ' 136

Platopbrys 133,136

leopardinus (1577) 132

nebulaiis (1578) 132

platycopbalna, Aniiiirus (123) 14

Coitus (1343) Ill

Platygloaaus bivittatua (1159) 98

caudalis (1160) 98

cyanostigma 98

dispilus (1163) 99

florealis , 98

grandi8quamia 98

humeralis 98

maculipinna (1161) 99

radiatus (1158) 98

aemicinctua (1162) 99

Platygobio gracilis (346) 29

pallidas 29

platyodon, Carcbarbinus (36) 7

I>latypogon, Alius 16

Galeicbtbys (139) 16

Platyrhinoidis 10

platyrhynchus, Pantoateua 17

Scapbirbynchopa (106) 13

Platysomaticbthys 133

platystomus, Lepidosteus (108) 13

plebeius, Pantosteus (151) 17

Pleetognatbi 1 39

plectrodon, Poriebtbya 116

Plectromus crassiceps (831) 74

suborbitalis (830) 74

Pleetropoma multiguttatum 84

plcei, Hemirbampus (068) 60

Pleuracromylou 7

Pleurogadus navaga (1558) 130

Pleiirogramuiua monopterygina (1251) 106

Pleurolepis asprellus 78

Pleuronectea acbirus 137

americanus (1625) 136

dentatua 134

glaber (1623) 136

glacialia (1624) 136

lineatus 137

melanogaater 134

oblongus 131

quadrituberculatus (1622) 13(>

stellatus (1621) 136

Pleuronectidie ( Family cxlvii) 132

Pleuronichtbya ccenosus (1612) 135

decurrens (1610) 135

verticalis (1611) 135

pleuropbtbalmua, Antennarina 138

Plourothyria olfer8i 45

plumbea, Cbimasra 12

plumbeolus, llybopsis 26

plumbeuin, Zopbendum (205) 20
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plnmbeus, Couesius (344) 29

Gobio 29

Petromyzon 4

plunder!, Gerrea (1122) 95

Haemtdon (1046) 90

Polydactylua 06

Scorpaena (1295) 8,109

plutonia, Kaia (68) 11

Piieumatophorus 68

pneumatophorus, Scomber 6°

l'ndothecus 113

acipeuserinus (1381) 114

decagonus (1379) 114

vulsus (1380) 114

Poecilia couchiana (592) i 50

PcBcilichtbys 80

asprigenis 81

beani 78

borealia 80

butleriauus 81

cameras 80

eos 81

jcssiio 81

palustris 81

punctulatus 80, 81

([uiescens 81

sagitta 80

sanguifluus 80

swaini 81

vulneratu8 80

zonalis 80

pcBcilopus, Myripristis (837) 75,76

Rhamphoberyx 76

poeciluram, Moxostoma (191) 20

poeyi, Hemirhamphiis 60

Pogonias chromis (1084) 93

Pogonichthys argyriosus 30

macrolepidotua (350) 30

synimetrieua 32

polaris, Cottus 110

Lycodalepis (1518) 125

Polistotrema dombeyi (3) 3

politus, Seriphus (1121) 95

Tetrodon ( 1670) . . 110

Pollachius chalcogrammus (!5U2) 130

saida (1563) 130

virens (1561) 130

pollicaris, Uranidea (1324) Ill

polyacanthocepkalus, Cottus (1337) Ill

polyactocephalus, Blennius 122

Chirolopb.ua (1470) 122

Polydactylus plumieri 66

polylepis, Balistea (1661) 140

SebastOS 108

Polynern-idaa (Family lxxviii) 66

Polynemus approximans (744) 66

melanopoma C6

octofilis 66

octonernus (716) 66

opercnlaris (745) 66

virginicus (743) 66

Polyodon Bpatliula (lot)) 13

Polyodontidse (Family wvi) *... 13

Polypaipn americanus (974) 83

Pomacantbodea 103

Pago.

Pomacantbus arcuatus 103

aureus (1207) 103

balteatus 103

crescentalis '. .

.

103

zonipectus (1200) 103

Pwuucentiicbe (Family cxiv) 101

1'umacentrus analigutta 102

caudalis (1186) 101

flavilatus (1188) 102

leucostictus (1185) 101

obscuratus (1184) 101

quadrigutta (1189) 102

ivrtifrasuum (1187) 102

rubicundus (1190) 102

Pomadasys axillaris (1030) 88

branicki (1032) 89

effisius 89

cantbarinus 88

elongatus (1028) 88

iuornatus 88

leuciscus (1027) 88

macracantbus (1033) 89

nitidus (1029) 88

panamensis (1031) 89

PomatomidsB (Family i.xxxvi) 72

Pomatomus saltatiix (814) 72

Pomatoprion bairdii 102

Pomolobus 36

Pomotis aquilensis 77

pallidum 77

pomotis, Acantharchus*(847) 76

Pomoxys annularis (842) 76

sparoides (843) 76

ponderosus, Amiuius (133) 15

Porichthya margaritatus (1420) 116

notatus 116

plectrodon 1 16

porosissimus (1421) 116

Poromitra capito (832) 75

Poronotua 73

porosissimus, Poricbtbys (1421) 116

Potamocottus J 1

1

Potamorrhaphis 59

powelli, Balistes (1660) 140

prseciaus, Eumeaogrammus (1484) 122

pretiosus, Hypomeaua (500) 42

Priacanthidffi (Family cm) 86

Priacanthus arenatua 86

catalufa (1000) 86

macrophtbalinus 86

1
1 in in, Lutjauua 87

princepa, Caulolatilus (1215) 104

Prionistiua macellus (1355) 112

Prionodea 's2

fascial us 83

Prionotus alatus (1386) 114

evolans (1390) 115

Lineatus 115

palmipes (1385) 114

punctatua 114

ophryaa (1387) 115

sarritor 115

scitulua (1384) 114

stearnsi (1388) 115

Rfephanophrys (1392) 115
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Prionotus strigatua (1391) 115

tribulus (1389) 115

Prionurns microlepidotus 103

pnnctatus (1211) 103

Pristididas (Family xvm) 10

Pristigaster lutipiunis 37

tartoor ; 37

Pristipoma brevipinne 88

faseiaturn 88

fulvomaculatum 88

notatum 89

Priatia pectinatus (56) 10

perrottetii (57) 10

Proartliri 4,5

probatocephalus, Diplodus (1006) 91

proboscideus, Cboenomugil (719) 61

procerurn, Nettastoma (634) 54, 55

procne,Notropis (234) 23

productus, Alepocephal as (428) 34

Eucinostomus 96

Merlucins (1567) 131

Ebiuobatus (58) 10

proeliaris, Alvarius (944) 81

profundorum, Leptophidium (1530) 126

prolixura var. (196 6) 19

promelas, Pimepbales (218) 2J

I 'k in lie rops guasa 84

itaiara (976) 84

Promieropterus 86

decoratus 86

Pronotogrammns multifasciatus 83

proridens, Calamus (1055) 90

proriger, Sebastichthys (1270) 107

Scliastodes 1(17

proserpina; Moniana 25

Notropis (250) 25

Prosopium 43

Prospinus 84

prosthemius, Ceratiebtbys 29

prostkistius, Auiiurus ... 15

Protoporus -27

pioxinius, Hiorogadus (1559) :. 130

Psetticlithys melanostictus (1609) 135

Pseudarius 15

pseudogula, Eucinostomus 95

pseudobispanica, Clupea (441) 36

Pseudojulis moclestus (1165) 99

uotospilus (1164) 99

Pseudoplouronectes 1 30

Pseudopriacantbus altus (1001) 86

Pseudopristipoiua 89

Pseudorbombua dentatus 134

oblongus 134

ocellaris 134

Pseudoscarus 100

Pseudotriacis microdon (23) 6

Pseadotriakis microdon 6

Psilouotidse Ill

Psilonotus punctatissimus (1670) 141

psittacus, Coryphsena 100

Sea: us 100

Xyrichthys (1168) 100

Eaycbrolutes paradoxus (1302) 109

Pteraclis carolinus (823) 73

Pteropbrynoidea bistrio (1640) 138

Pteroplatea crebripunctata (8B)

maclura (83)

marmorata (84)

Ptilichthyidse (Family lxvi) ...

Ptilicbtbys goodci (650)

Ptycbocbilus barlbrdi (356)

lucius (357)

oregonensis (.y54)

.

vapax (355)

Ptychostouius albidus

puellaris, Cossypbus

Decodon (1150)

Page.

11

11

11

58

58

30

30

30

30

19

98

98

pugetensis, Cbitonotus (1511) no
pukbclla, Liparis (139S) J 5

Moniaua 24

pulcbellus, Pboxiuus (388) 31

pulcher, Pboxiuus (380) 31.

Troebocopus (1157) 98

pullus, Mouacantlms (1606) 140

pulveruloutum, Oxygeneuiu (198) 20

punctata, Coryplueua 73

Opistbognatbus (1436) 118

punctatissimus, Psilonotus (1676) 141

Tetrodon 141

punctatus var 85

Apu'ouodon H

Decapterus (777) 69

Dermatolepis (995) 85

Hypsoblenuius (1445) 119

Ictaluras (134) 15

Isestb.es 119

Lt-pomis (861) 77

Micristodns (54) 10

Myropbis (030) 54

Prionotus 114

Prionurus (1211) 103

S(pialus 8

Stichaeus (I486) 122

punctifer, Opbicbtbys 53

punctifera, Dionda (207) 21

punctipinne, Siphostoma (682) 61

punctipinnis, Chromls (1193) 102

punctulata, Coryphsena 73

Uranidea (1318) Ill

punctulatum, Etbeostoma (933) 80

punctulatus, Alvarius (945) SI

Hippocampus (697) 62

Notropis (298) 27

PcBcilicbtbys 80,81

pungitius, Pygosteus (707) 63

purpura tun, S.ilmo (525) 44

purpureum, Thalassemia 99

purpureus, Julia 99

Pboxiuus (387) 31

Pusa radiata 99

patnami, Cottogaster (890) 78

pygmsea var. (590 b) 50

Pygosteus pungitius (707) 63

biacbypoda (707c) 63

concinuus (707 &) 03

pyrrbomolas, Notropis (271) 25

quadracus, Apeltes (714) 63

quadricornis, Cottus (1340) ill

Ostracion 139

quadrifasciatus, Cbasmodes (1440) 119
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quadrinlis, Cottus (1346) Ill

quadiigutta, Poniacontrua (1189) 102

quadrilateralia, Coregonus (505) 43

quadriloba, Rbiaoptera (9(3) 12

quadripinnia, Salarias 120

quadriaeriatua, Icelinus (1309) 1 10

quadrituberculatus, Pieuroneetes (1622) 136

quadrocellata, A noylopsetta (1601) 134

Quassilabia lacera (194) 20

Querimana gyrans (721) 64

barengus (720) 64

qniescena, Etbeostoma (940) 81

Pcecilicbtbys 81

radialis, Centropristis 82

Serranus (962) 82

radians, Sparisoma (1174) 100

radiatavaf. (1651b) 139

Maltbo 8

Pusa 99

Raia (65) 11

radiatus, Labrus 98

Lopbius 13D

Platyglossus (1158) 98

Sparus 98

Raia ackleyi ornata (67) 11

binoculata (74) 11

eglanteria (66) 11

erLnacea (63) 11

granulata (69) 11

inornata (72) 11

inermis (726) 11

larris (75) 11

ocellata(64) 11

paraiifera (70) 11.

plutonia (OS) 11

cadiata (65) : 11

rliiua (73) 11

st.'llulata (71) 11

Raise 10

Raiidse (Family xx) 11

raji, Brama (824) 73

raimla, Liparis (1402) ; 115

Ranzania trnxicata 141

rapax, Ptychochilua (355) 30

rastrelliger, Sebasticbthys (1285) 108

rectiframum, Pomacenl i us (1187) 102

regale, Cynoscion (1113) 95

regalis, Sroniberoiiioras (768) 68

regia var. (21G c) 22

regius, Hybognathua 21

Phycis (1513) 129

reinbardti, Careproctus (1390) 115

Himantolopbus (1650) 139

Onos (1538) 128

Reinbardtius bippoglaasoides (1592) 133

Remora albescent (754) 66

brachyptera (753) 06

remora (752) |66

remora, Remora (752) 66

Reniceps 8

reticulata, Solea 137

reticulatum, Cynoscion. (1119) 95

roticulatus, Cbilomycterus (1682) 1 11

Esos (599) 50

Lycodes (1512)* 124

Page.

reticulatus, Monocbir 137

Otolitbns 95

reti for, Scylliorbimis (22) 5

retifera, Muraina (604) 51

retropinnis, Catostomus (159) 17

Microdesmus 126

retrosella, A"mia 92

Apogon (1075) 92

Rbacoebilus toxotes (1148) 97

Rbampboberyx leucopus 76

poecilopus 76

Rbampbocottus ricbardsoni (1368) 113

Rbegnopteri : 66

rbessodon, Gobiosox (1414) 116

rhina, Raia (73) 11

Rbinichtbys atronasua (321) 28

cataractse (320) 27,26

dulcis (3206) v 27

transuiontanus(320c) 28

dulcis 28

transnioutauus 28

RhinobatidsB (Family xix) 10

Rbinobatus oxasperatus (61) 10

glaucostigma (59) 10

lentiginosus (60) 10

productus (58) 10

triseriatus (62) 10

Rhinodontidse (Family xvi) 10

Rbinogobius 105

Rbinonomus cimbrius (1537) 128

Rbinoptera quadriloba (96) 12

Rhinotriacis 7

rhodocbloris, Sebasticbtbj s ( 1280) 108

rhodopus, Trachynotus (798) 71

rbodorus, Ascelichthys (1301) . 109

rhodoterus, Holconotus (1141) 96

rhomalens, Gnatbypops (1431) 118

Opistbognatbus 118

Squalus 31

rhombeus, Gerres 96

Rhombocbirus osteocbir (755) 66

rhomboides, Diplodus (1064) 91

Trachynotus (800) 71

RhomboidicMbys leopardinus 132

Rboruboplites 87

aurorubens (1019) 88

Rbombus 72

ocellatus 132

rhotbea, Uranidca (1316) 110

1 tbotbeeca 80

Rbypticidas. (Family en) 85

Rbypticus bistrispinus (998) 80

niaoulatus 86

nigripinnia (999) 8G

pituitosus 86

saponaceus (996) 85

santi (997) 85

ricei, Dranidea (1313) HO
ihlunli, Hemirbampbus 60

ricbardsoni, Rbampbocottus (1368) 113

I r;uiides-(1320) Ill

Ricbardsonius balteatus (419) 35

lateralis (420) 33

rimator, Efemulon (1043) 89

ringens, Stolephorua (157) 37
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ringens, Sudis (475) 38

riverendi, Cyprinodon (510) 47

Trifarcius 47

rivoliana, Seriola (809) 72

rivulatus, Cirrhites (1072) 92

Cjrrhitichthys 1)2

robalito, Centropomus (!)53) 82

roberti, Exoccetus CI

Hemirhainphus (66G) 00

robusta, Gila (359) 30

Roccus americanus (957) 82

clirysops (!155) 82

interruptus (950) 82

lineatua 82

septentrionalis (954) 82

Roncador stearnsi (1085) 93

roncador, TJmbrina (1101) 94

rondeleti, Exoccetus (674) 01

rosacea, Mycteroperca (977) 84

rosaeeus, Brichyistius (1130) 90

Sebastichthys (1279) 108

rossB, Hemirhamphus (667) 00

roseipiimis, Notropis (299) 27

roseus, Cryptotonras loo

Notropis (277) 20

rosipes, Xyrichthys (1171) 100

ri istrata var. (038) 55

A liguilla 55

Antimora 129

rostratus, Brachyopsia (1374) 113

Haloporphyrus 129

Heteros'.ichus (1463)
" 121

Tetrodon 141

rothrocki, Nbtogrammns~(r487) 123

rubellus, Albunms 27

ruber var. (904) 85

Sebastichthys (1276) 108

rubicundus, Acipenser (104) 13

Pomacentrus (1190) 102

rubricroceus, Notropis (278) 20

rubrifrons var. (331.6) 29

Notropis (310)....! 27

Zygonectes (571) 49

rubripinna, Cyprinella 25

rubripinnis, Argyrens 27

Minnilns 27

rubrovinctns, Sebastichthys (1283) 108

rufolmeatum, Etheostoma (022) SO

ruins, Bodiaims (1153) 97

Labrns 97

Onos (1540) 128

rnpestre, Etheostoma (929) 80

rupestris, Anibloplites (845) 70

Coryphu;noides (1573) 131

Macrurus 131

Xipbister (1482) 122

Rupiseartes atlanticus (1455) 120

chiostictns (1454) 120

rutila, Moniana 24

Rutilus storerianus 21, 28

sabina, Trygon (91) 12

sabnrrre, Chasmodes (1441) 119

Saccopharyngidffl (Family LXiv) 57

Saccopharynx ampullaceus (018) 57

flagellum 57

Page.

sacer, Anthias 83

sagax, Clupea (440) 30

aagitta, Etheostoma (927) 80

Precilichtkys 88

Tylosurus (059) 59

Tyntlastes (1249) 106

sagittula, Euctenogobius 105

Gobius (1229) 105

saida, Pollachius (1503) 130

Salar 44

salar, Salmo (523) 44

Salarias alticus 120

atlanticus 120

chiostictns 120

quadripinnis 120

Salmo gairdneri (524) 44

iridous (524 b) 44

irideus 44

miilleri 40

purpuratus (525) 44

bouvieri (525 b) 44

henshawi (525 d) 44

spilurus (525 e) 44

stomias (525 c) 44

salar (523) 44

sebago (523 b) 44

salmoides, Micropterns (S70) 77

aalmoneus, Chauos 35

Esox 50

Mugil . 35

Salmonidse (Family wax) 42,43

saltatrix, Pomatomus (S14) 72

saludauus, Alhurnops 24

Salvelinus arcturus (528) 44

fontinalis (530) 44

immaculatus (5306)... 44

rualuia (529) 44

nainaycush (520) 44

siscowet (526 B) 44

naresi 44

nitidus 44

oquassa (527) , 44

stagnalis (531) 44

sangnifluus, Poecilic.hthys 80

sanguineus, Antennarins (104.".) 138

sapidissima,' Clupea (440) 36

saponaceus, Anthias 85

Rhypticus (990) 85

sara, Cybium 68

Sarda chilensis (772) 09

sarda (771) 69

sarda, Sarda (771) 09

sardina, Clupea (447) 36

Harengula 36

Sard in ia 36

Sargus caribaeua 91

unimaculatus 91

Sarothrodtis nigrirostris 102

Barritor, Prionotna 115

satiricns, Neoclinus (1457) 120

saturnus, Johnius (1092) 93

Saurida 39

Saurus anolis 39

intermedins 39

spixianus. ..• 39
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saurns, Elops (433) , 34

Oligoplitea (813) 72

Sconibereaox (663) CO

saxatile, Etheostoma (928) 80

saxatilis, Glypbidodon (1192) 102

Jolmius 91

Menticirrus (1108) 91

Perca 82

sayanua, Apbredoderus (838) 70

Bayi, Trygon (87) 12

scaber, Hexagraruniua (1204) 107

TTranoscopua 117

scabriceps, Notropia (2S7) 26

Scaphirhyncbops platyrLyncbus (10G) 13

scapbiura, Opistbognatbus (1434) 118

Scarus 100

ccernleus (1179) 101

croicensis (1178) 101

guacamaia (1180) 101

perrico (11S1) 101

pisittacua 100

squalidua 101

scepticns, Notropis (304) 27

Schedopbilopaia spinosus 104

Schedopliilus 104

Scliilbeodea 14

srlilegeli, Lotella 130

scbneideri, Opbichthys (626) 53

acbcepfi, Alutera (1667) 140

Seiadarius 15

sciadicua, Zygonectea (575) 49

Sciaena acuminata 94

r l.i ysura (1087) 93

icistia (10«8) 93

jacobi (1089 93

lanceolata (1080) 93

lineata 82

ocellata (1091) 93

sciera (1090) : 93

Scisenidae (Family cix) 93

Bciera, Sciajna (1090) 93

scleras, Hadropterus (913) 79

scituliceps, Synodua (479) 39

scitulua, Prionotus (1384) 114

sciurus, Hicmulon (1047) 90

Sparus 90

Sclerognathus 16

Scoliodon .7,8

terrse-novse 8

Rcolopaceus, Nemicbtbys (642) 56

scolopax, Maci orbampbosus (701 ) 62

Scomber colias (763) 68

pm'uniatopboruB 68

scombrus (764) 68

speciosus 70

Scomberesoeidae (Family lxviii a) 59, 60

Scomberesox brevirostris (004) 60

Baurua (663) 60

Scomboromorus cavalla (709) 68

cbncolor (766) 68

maculatua (767) 68

regalis (768) 68

Scombridse (Family lxxxiv) 68

Scombroidinae Family (i.xvnwi) 59,60

Boombras, Scomber (764) —•. 68

Page.

Scopelidas (Family XLV) 39, 40,42

Scopelus boopa 48

miilleri 40

Scorpa^na 108

brasilienais (1297) 109

bufo 8

calcarata 109

grandicornia (1296) 109

guttata (1294) 109

occipitalis (1298) 109

plumicri (1295) 8,109

stearnsi 109

Scorpsenicbthys marmoratus (1361) 112

Scorpamidas (Family cxxin) 107

scorpioides, Cottus (1335). Ill

scorpis califoraiensis 92

georgiamis 92

scorpius, Cottus (1330) ill

scripta, Alutera (1668) 140

scrutator, Eypsoblenuius (1447) 119

scudderi, Hasmulon (1050) 90

scuticaria, Callecbelys (614) 52

scylla, Notropis (236) 24

Scylliidss (Family ix) 5

Scylliorbinus rctifcr (22) 5

ventriosus (21) 5

ScymnidsB (Family VII) 5

Scytalina 126

Scytaliscus cerdale (1523) 126

scbago var. (523 b) 44

Sebastes kulili 108

marinns (1262) ..' 107

polylepia 108

Sebasticbthys atrovireus (1272) 107

nuriculatus (1284) 108

brevispinis (1271) 1 07

carnatus (1288) 108

cbrysomelaa (1288 b) 108

caurinns (1286) 108

vcxillaris (1286 b) .. 108

cblorostictus (1281) 108

ciliattte (1266)..". 107

constellatua (1278) ....." 108

elongatus (1282) 108

entomelas (1268) 107

flavidus (1204) 107

maligcr (1287) 108

matzubarsB (1275) 107,108

melanopa (1265) 107

miuiatus (1274) 108

mystinua (1207) 107

nebulosus (1289) 108

uigrocinctus(1291) 108

ovalis(1269) 107

pinniger (1273) 107,108

proriger (1270) 107

brevispinis 1 07

rael rolligor (1285) 108

rhodocbloris (1280) 1 08

roaaceua (1279) 108

ruber (1276) 108

rubrovinctua (1283) 108

aerrioepa (1290) 108

umbroBus (1277) io.J

variabilis 107
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Sobastodes paucispinis (1263) 107

proriger 107

Sebastouius 108

Sebastoplus dactylopterua ( 129.'!) 10S

Sebastopsis xyria (1292) 1 08

Sobastosomus 107

sectatrix, Kypbosus (10G9) 92

Perca 92

seemanni, Arias 15

Galeichthys (137) 15

selacbops, Aptericlithys 52

Icbtbyapus (C12) 52

Selachostomi 13

Selene G9

cerstedi (792) 71

vomer(793) 71

selcne, Luxilus 24

selenops, Hyodon (432) 34

aellicauda, Epinephelus (985) 84

semicinctus, Platyglossus (1162) 99

semicoronata, Scriola 72

Bemifasciatus, Triads (28) 7

seminolis, Fundulus (5C1) 45

seminuda, Gila (365) 30

seminndua, Lycodes (1513) 124

semiscabra, Uranidea (1315) 110

Semotilus atromaculatns (347) 29

bullaris (349) 29

dipla?miu3 26

thoreanianua (348) 29

senilis, Garobusia (590) 50

senticosa, Halieutasa (1654) 139

septentrionalis, Motella 128

Onos (1541) 128

Perca 82

Eoccus (954) 82

serena, Dionda (211) 21

Seriola 69

aliciola 72

dorsalis (807) 72

dumerili (805) 71,72

lalandi (805 b) 71

falcata 72

faaciata (808) 72

lalandi 71, 72

mazatlana (806) 72

rivoliana (809) , 72

semicoronata "72

zonata (804) 71

carolinensis (804 b) 71

Seriolina; 69

Seripbus polilus (1121) 95

serpentinus, Leptoblennius (1493) 123

Serranidas (Family ci) 82,85,86

Serranus arara 84

atrarius (958) , 82

bonaci 84

brunneus 84

calopteryx (965) 83

clatbratus (9G6) 83

formosns (961) 82

furvus (959) 82

itaiara 84

macnlofasciatus (967) 83

nebulifer (968) 83

Page.
Serranus pctrosus 84

pbiladelpbicus (900) 82

phcebo (964) 82

radialis (962) 82

subligavius (963) 82, 83

Serraria 79

serrata, Fistularia (703) 63

serriceps, Sebasticbtbys (1 290) 108

serrifer, Conodon (1021) 88

Serrivomer beani (647) 57

sessilicauda, Monoleno (1630) 136

Setarches parmatus (1299) 109

setipinnis, Vomer (791) 71

.

sexfasciatum, Hasmulon (1053) 90

sbufeldti, Typblopsaras ]38

slmmaidi, Alburnops 23

Cottogaster (898) 79

Siboma 31

siceulus, Labidestbes (728) 65

Sidera castanca (606) 51

dovii (608) 51

funebris (610) 52

roordax (607) 51

moringa (611) 52

ocellata (609) 51

sidorium, Zopbendum (204) 20

sierrita, Tylosnrus 59

Sigmops stigmatiens (538) 46, 47

signatus, Batbymaster (1213) 104

signifer, Cbatoessns 36

Slypodon (351) 30

Thymallus (516) 43

Siluridas (Family XXX) 14

Silurus catus 14

Simencbelyidae (Family lxi) 56

Simenchelya 52

parasiticus (639) 56

similis, Fundulus (558) 48

simillimns, Stromatevis (81S) _

.

73

simotera, TJlocentra (891) 7S

simoterum, Diidesion 7S

Simula, Cbalinura (1575) 132

simulans, Enncacantbus (851) 76

siimrs, Kotropis(245) 24

Sipbagonus barbatus (1373) 113

Sipbateles vittatus 32

Sipbostoma affine (GfiO) 61,62

auliscus <685) 61

bairdianum (CS7) 01

barbara (6SG) 61

californiense (083) 61

erinigerum (694) 62

lloridae (689) 62

fuseum (692) 62

griseolineatum (684) 01

leptorbynebnm (6S8) 62

louisianre (G91) 62

mackayi (693) 62

punctipinne (G82) 61

zatropis (081) 61

siscowet var. (526 b) 44

sloani, Cbauliodus (53G) 40

smaragdus, Eleotris... 104

Erotelis (1219) 101

soeius, Notropis (293) 26
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solamlri, Aeantbocybitim (770) 08

Cybium G3

Solea inscripta 137

mazatlana 137

pilosa 137

reticulata , 137

Soleidae (Family cxlviii) 137

Somniosus microcephalus (17) 5

soporator, Gobiua (1228) 105

sonlidus, ditharichfchys (15S3) 133

Sparidae (Family cv) 80,92

Sparisoina cyariolene(117G) 101

tiavescens (1177) 101

radians (1174) 100

xystrodon (1170) 101

sparoidcs, Pomoxys (843) 76

Sparus abildgaanlii 101

argj rops 01

caxia 87

cbrysops 91

pagrua (1054) 90

radiatus 98

aciurua -i 90

spatbula, Polyodon (100) 13

spatula, Lopidosteus 13

speciosus, Caranx (788) 70

Scomber 70

spectabile var. (930 b) 81

spectrunculus, Notropis (228) 23

spelaeus, A mblyopaia (539) 47

spengleri, Tetrodon (1G72) 141

spet, Spbyrama G5

Spbagebranebus 52

Spbyraena argentea (73S) 05

borealis (739) 05

eusis (742) 05

foFsteri 05

guaguancbe (740) 05

picuda (741) 05

spet 05

Spbyraenidffl ( Fam ily lxxvii) 05

Spbyrua tiburo (45) 8,9

tudes (40) 9

zygasna (47) 9

Spbyrnidae (Family xi) 8

spilouotus, Monacanthus (1005) 140

spilopterus, Citbaricbtbys (1585) 133

spilota, TTranidea (1323) Ill

spilurus var. (525 e) 44

Notropis (290) 20

SpinacidaB (Family vm) 5

Spinivomer goodei (040) 57

spinosus, Echinorbinus (10) 5

Eumicrotremus (1409) 110

Hemilepidotus (1357) 112

Scbedopbilopsis 104

spixianus, Saurus 39

Syuodus (478) 39

Spratelloides bryoporua 35

Squali 5

equalidus, Scarus 101

Squalius 27,30

galtiso . 31

leiumoni 31

lhomalons 31

Tagc.

Squalus acantbias (19) 5

canis

carcbarias 8

coeruleus 8

galeus

longinianus 8

mustelus

punctatus 8

squamatus, Hadropterus (909] 79

Pboxinus (390) 31

squamicepe, Etbcostoma (925) 80

squamileutus, Oouesius (342) 29

Paralicbtbys (1599) 134

Squaliua squatina (55) 10

squat ina, Squatiua (55) 10

Squatinidee (Family xvn) 10

stagnalis, Salvclinus (531) 44

stearusi, Blennius (1450) 119

Lutjanus 87

Prionotns (1388) 115

Roncador (1085) 93

Scorpama 109

steiudacbneri, Diabasis 90

Haemulon (1048) 90

stellatus, Pleuronectes (1021) 130

stelleri, Cycloptericbtbys (1408) 110

stellifer, Fuudulns (570) 49

Stelliferus 93

stellulata, Raia (71) 11

Steuodus leucichtbys 43

mackenziei (517) 43

Stenotomus aculeatus 91

caprinna (1002) 91

cbrysops (1063) 91

aculeatus (1063 b) 91

Stepbanoberyx mona.> (82S) 74

stepbanopbrys, Prionotus (1392) 115

Stereolepis gigas (975) S3

sterletus, Ceraticbtbys 29

Sternopty x diaphana (535) 45, 40

olfersi 45

Stemoptychidae (Family li) 40, 45

Stichaeinaa 123

Sticboeus punctatus (1480) 122

stigma, Gymnelia : 125

Btigmsea, Ulocentra (890) 78

stigm^us, Citbaricbtbys (1584) 133

stigmaticus, Gobionellua (1230) 100

Signiopa (538) 40,47

stigmaturus var. (200 b) 25

Gobiua(1231) 105

Photogenis 25

stilbius, Notropis (307) 27

stipes, A tbei ina (725) 05

Stizostedion canadense (949) 81

boreum (949 c) 81

griaeum (949 b) 81

vitreum (948) 81

Stoasodon laticepa (93) 12

narinari (92) 12

Stolephorus browni(4G0) 37,38

compressua (471) 38

curtus(4C5) 38

(Irlicul iMsiiiius (469) 38

eurystole (4C4) 3«
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Stolophorus exignns (4C7) 38

iachanus (462) 38

lueidus (470) 38

macrolcpidotus (458) 37

miarchus (468) 3S

mitcbifti (466) 38

opercnlaris (459) 37

perl'asciatus (4G3) 37, 38

perthecatus (461) 37

ringena (457) 37

stolifera, Clupea (450) 30

Dussumieria (430) 35

atolzmanni, Belone 59

Tyloaurua (G02) 59

St on lias f'erox (489) 41

st < an ins rar. (525 c) 44

Atheresthes (1593) 133

StomiatidfiB (Family xi.vn) 41

storerianus, Hybopsis (330) 28

lintilns 28

stramineus var. (233 b) 23

Notropis 23

striatals, Blennius 119

Epinepholus (984) 84

stvigatus, Antcnnarhis (1044) 138

Holacantb.ua (1204) 103

Prionotua (1391) 115

Stfomateidae (Family lxxxviii) 72

Stromateua mediae (817) 73

paru (810) 72

simillinras (818) 73

triacantlius (819) . . . : 73

strumosus, Gobiesox (1412) HO
sturio, Acipenser (101) 13

atylifer, Hippocampus (699) 62

Stypodon aignifer (351) 30

suavis, Cyprinella 34

subbifurcatna, Eumesogranimua (1485) 122

aubiigarina, Serranna (903) 82, 83

Buborbitale, Holocentrum (835) 75

suborbitals, Plectromus (830) 74

subterraneus, Typblichtbys (540) 47

aucetta, Catostomua 19

Erimyzou (170) 19

Sudia boroalis (470) 38

coruscans 38

ringens (475) 38

aueuri, Coryphasna 73

Suillus 97

anillua, Lacbnolsemua 97

siipereiliosus, Hexagrammus (1255) 107

Hyborhynchus 22

surinaineuaia, Lobotea (1002) 80

susanoe, Boleosoma (S87) 78

awaini, Notropis (294) 20

Poecilichthya 81

swampiiia, Euudulua 48

awani, Botbragonus (1377) 114

symmetrica, Algansea (407) 32

symmetricus, Lepomis (S54) 77

Pogonichthya 32

Symmetnmis argyriosus 30

synagris, Luljanns (1012) 87

Synaphobrancbidaa (Family lxii) 56

Synapbobranchua pinnatns (G40) 56

Page.

Synentognatbi 51

SyngnathidsB (Family j.xix) 01,02

Syngnathua bairdianns 61

Synodontidae (Family xr.iv) 39

Synodus 40

anolia (481) 39

cnbanus 39

foBtens (477) 39

intermedins 39

lucioceps (480) 39

myops (482) 39

acituliceps (479) 39

apisianns (478) 39

syrtensium, Argentina (502). 42

tabaccaria, Fistularia (702) 63

taenia, Phoxinus (371) 30

tajniatum, Hasmulon (1044) 90

taeniatus var. (1039 b) 89

tajniatus, Anisotremns 89

taeniops, Enneacentriis (993) 85

tsBBiopteraa, Cottua (1339) Ill

Tasniotoca 96

taboensia, Catostomua (161) 17

tanneri, Hyperchoristus (490) 41,42

tartoor, Piistigaster 37

tau, Batracbua (1419) 116

Taui idea '.
.

.' 110

taurocephalus, Albnrnops 22

taurua, Carcharias 9

Odontaspia 7

Tautogolabrua 97

taylori, Otopbidium (1528) 126

tchawytcba, Oncorhynchua (520) 44

telescopus, Notrojiis (300) 27

telfairi, Agnostomua 64

(enuifilis, Antennarius 138

tenuis, Leurestbes (727) 65

Pbycia (1547) 129

teres, Callecbelys (015) 52, 53

Catostomua (170) 38

Etrumeus (437) 35

teretulua, Phenacobius (315) 27

( ergiaus, Hyodon (431) 34

terraa-novro, Carcharbiuus (44) 8

Scoliodon 8

teaseUatus, Hadropterua (914) 79

Tetrodon (1671) 140,141

Tetragonopterua argentatus (425) 34

Tetraptnrus albidua (758) 67

tetraapilua, Epeneua 93

Tetrodon annulatus 141

heraldi 141

lineatus 140

nepbelus (1673) 141

oxyrbyncbus 141

politus (1670) 148

punctatissimus 141

roatratus 141

spengleri (1672) 141

testudineua (1671) 140,141

annulatus (1671 6) . . .

.

141

tricbocepbahta (1675) 141

tnrgidua (1674) 141

Tetrodontidaa (Family ci,v) 140

Teuthis coeruleus (1210) 103
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Teuthis kepatus (1208) 103

tractus (1209) 103

iexana, Anguilla 55

texensis, Dionda 21

thalassina, Algansoa (410) 32

tbalassinum, C.ynoscion (1114) 95

Etheostoma (918) 80

Moxostoma (1*3) 10

thalassinns, Doratonotus (1167) 99

Lepidogobius (1211) 10G

Myloleucns 32

Thalassemia lucasanum (11G0) 99

purpurcurn 99

Thaleichthys paeificus (490) 42

thaleiehtbys, Osnierns (497) 42

( hazard, Anxis (705) G8

tbompsoni, Triglopsis (1350) 112

thoreauianus, Semotilus (348) 29

thrissa, Clupea 36

thrissina, Clupea (448) 36

t.hryza, Clupea 36

Thy ruallus gymnothorax 43

ontariensis 43

signifer (516) 43

ontariensis (516 6) 43

tricolor 43

Ihyimus, Orcynus (774) 69

Thyris pellucidus 136

Tiaroga cobitis (319) 27

tiburo, Sphyroa (45) 8, 9

Tigoma 30

nigrescens 31

tigrinus, ( l-aleocerdo 7

Myrich thys (62G) 54

Tilesia 130

t impanogensis, Notropis (313) 27

tomeod, Mierogadus (1560) 130

1 opeka, Ciiola 24

Notropis (242) 24

Torpcdinidse. (Family XXI) 11

Torpedo, californica (77) 11

occidentals (76) 11

torvus, Cottunculns (1304) 110

toxotes, Rhacochilus (1148) 97

Tracbinocephalus 39

Trachurops 69

crumenophthalmus (781) 70

Tracburus C9

aliciolus 72

fasciatus 72

picturatus (779) 70

traclmrns (780) 70

tracburus, Tracburus (780) 70

TrachynotinsB 69

Trachy not us 09, 97

argenteus (797) 71

carolinua (796) 71

fasciatus (802) 71

glaucus (801) 71

goreensis 71

bennedyi (799) 11

nasntns 71

rbodopus (798) 71

rhomboides (800) 71

Trachypteridae (Family exvm) 104

Pago.

Trachypterus altivelis (1212) lot

tractus, Teuthis (1209) 103

transmontanus var. (320 c) 28

Acipenser (102) 13

Rhinichthys 28

traski, Ilysterocarpus (1132) . .' 9G

triacantbus, Stromateus (819) 73

Triacis henlei (29) 7

semifasciatus (28) 7

tribulus, Prionotus (1389) 115

Trichiuridae (Family lxxmii) 67

Trichiurns caulatus 67

li'puirus (760) 67

trichoccphalus, Tctrodon (1675) 141

Tricfcodiodon pilosus (1677) 141

Trichodon japonicus (1423) 117

trichodon (1422) 117

trichodon, Mugil (71S) 61

Trichodon (1422) 117

Trichodontida' (Family CXXXI) 117

trichroistius, Notropis (207) 25

tricolor, Holacanthus 103

Tliymallus 43

tricorne, Ostracion (1657) 139

tricuspis, Gymnacantbus (1347) 112

tridentatus, Ammocrntes (4) 3

tridigitatus, Dactyloscopus (1426) 117

Trifarcius riverend i 47

trifurca, Perca 82

Trigla evolans 115

lineata 115

TriglidsB (Family Gxxvi) 114

Triglops pingeli (1354) 112

Triglopsis tbompsoni (13.",0) 112

trigonum, Ostracion (1656) 139

tripteronotus, Blennius 121

Tripterygion carminale (14(U) 121

triqurttrum, Ostracion (1655) . 139

triserialis, Ophichthys (620) 53

triseriatus, Rhinobatus (62) 10

Trisotropis 84

trispinosus, Odontopyxis (1378) 114

tristocbus, Lepidosteus (109) 13

Trochocopus pulcher (1157) 98

Tropidichthys 141

Tropidinius 87

troscbeli var. (1192 b) 102

Gyphidodon 102

truncata, Kanzania 141

Trycberodon megalops 33

Trj gon centrura (85) 12

dipterura (89) 12

hastata (80) 12

longa (88) 12

sabina (91)..., 12

sayi (87) 12

tuberculata (90) 12

Trygonidse (Family xnii) 11

tuberculata, Trygon (90) 12

tudes, Sphyrna (46)
'- 9

Zygsena 9

tuditauus, llylici])sis 22

l!> pargyms 22

tullibee, Coregonus C>15)
4J

tumidus var. (148 e) 16
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tunicata, Liparis (1400) 115

turgidus, Tetrodon (1C74) 141

t iirnei i, Lyoodalcpia (1517) 125

tuscumbia, Etheostoma (939) 81

Tylosurus caribbaeus (057) 59

erassus (656) 59

exilis (GG1) 59

fodiator (055) 59

gladius 59

liians (654) 59

marinus (6G0) 59

notatus (658) 59

sagitta (059) 59

siorrita 59

stolzmamri (GG2) 59

Tyntlastcs sagitta (1249) 106

Typhlicbtbya sabterranena (540) 47

T.y-phlogobius californiensis (1248) 106

Typhlopsaras ahufeldfci 138

tyrannus, Anguilla 55

Brevoortia (453) 37

Ulocentra atripinnis 78

blemiiua (893) 78

histrio (892) 78

phlox (889) 78

simotera (891) 78

stigmaja (S90) 78

Umbra 51

liini (590) 50

pygmSBa (59G 6) 50

umbratilis, Alburnellus ". 26

2Jotropis (297) 27
1 mbrida) (Family i.v) 50

Cmbrina analia 94

broaasoneti (1104) 94

dorsalia (1103) 94

elongata 94

liasus 94

panamensis. Dl

roncador (1 101) 94

xanti (1102) 94

nmbrosa, CyprineUa 25

Narcine (79) 11

umbrosas, Esox 50

Sebastichl hys (1277) 10S

uncinates, Artediellus (1212) 110

Cottus 110

iindecimalis, Centropomus (950) 81

undulatus, Menticirrus (1107) 94

Micropogon (1099) 94

unicornis, Citbarichthys (1588) 133

unifasciatus, Hemnhaiiiplnis (G05) GO

nnimaculata, Pcrca 91

imimaculatus, Diplodus (1065) 91

Sargua 91

univittat.us, Apodicuthys (1478) 122

i peneus balteatus 93

dentatus (1082) 93

ilavovittatus .• 03

grandisquamis (1081) 93

maculatus (1079) 93

martinicus (1080) 93

totraspihis 93

Upsilonpbonis 118

guttatus (1429) 117

Tage.

Upsilonpborus y-grajcum (1428) 117

Uranirtea aspera (1314) 110

beudirei (1319) Ill

boleoides (1329) Ill

cognata (1321) Ill

formosa (1331) Ill

l'ranklii.i (1330) Ill

gobioides (1328) Ill

gracilis (1327) Ill

gulosa (1317) Ill

boyi(1332) Ill

111:1 rginata (1225) Ill

rainnta (1322) Ill

pollicaris (1324) Ill

pmictulata (1318) Ill

rbotbea (1316) 110

ricei (1313) 110

ricbardsoni (1320) Ill

alvordi (1320 e) Ill

bairdi (1320 b) Ill

Carolina; (1320 h) Ill

kumlieni (1320 c) Ill

mcridionalis (1320/) . Ill

wliee.leri (1320 i) Ill

wilsoni (1320 d) Ill

zophera (1320 g) Ill

semiscabra (1315) 110

spilota (1323) Ill

viscosa (1326) Ill

uranidea, Cottogaater (897) 79

uranopa, Phcnacobins (318) 27

Uranoscopidaj (Family cxxxin) 117

Uranoscopua anoploa 118

scaber 117

y-grascum 117

nranoscopus, Mancalias (1647) 138

Uraspis 70

TJrolophns asterias (81) 11

balleri (80) 11

TJronectes 125

urostigma, Cliola 25

urua, Ictiobus (145) 16

ustus, Cryptotomua (1172) 100

ittowana, Catoatomua 18

vafer, Myropbis (631) 54

vagrana, Menidia (730) 65

vahli, Lycodcs (1510) 124

Talenciennesi, Erotclis 105

Moxostoma (184) 19

vandoisulus, Pboxinus (3G7) 30

variabilis, Perea 108

Sebastichthys 107

variatnm, Etheostoma 79

•variatus, Alvordius 79

Hadropteras (912) 79

variegatus, Cyprinodon (545) 47

velatnm, Moxostoma (179) 19

velieana, Atberina G5

-velifer var 16

Ictiobus (148) 16,17

Letbarcbus (613) 52

velox, Cliola 22

venenosa, Mycteroperca (981) 84

Pcrca 84

ventralis, Brosmophycis 127
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ventralia, Dinematichthys (1533) 127

ventrioosa, Apocope 28

ventricosus, Gyclopterichthys (1407) 116

ventriosus, Scylliorbinus (21) 5

venusta, Lucania (582) 49

venustus, Notropis (259) 25

Xyricbthys 100

veranyi, Cybiuiii 68

Verilus 87

veriniculatus, Esox (598) 50

Xyriehthya 100

vernal is, Clupea (444) 36

verrilli, Lycenchelys (1509) 124

verrucosus, Brachyopsis (1375) 114

Cottus (1344) Ill

vcrticalis, Pleuronichthys (1611) 135

vespertilio, Lopbius 138

Maltho (1051) 139

vetula, Balistes (1658) 140

vetulus, Parophrys (1614) 135

vexillare, Boleosoma (886) 78

vexiUaris var. (1286 6) 108

vigilax, Cliola (223) 22

vigilis, Ioa (884)- 78

villosus, MaKotus (495) 42

vinciguerrse, Exoccetus (675) 61

vinctiis. CaraDx (783)' 70

Fivndulus (568) 49

viola, Antimora (1550) 129

1 1 aloporpbyras 129

violaceus, .Cebedicbtliys (1483) 122

virens, Pollachins (1561) 130

virescens, Pantoateus 17

virgatulus, Gobiesox (1413) 116

virgatum, Etheostoma (926) 80

virgatus, Delolepis (1496) 123

virginicus, Anisotremus (1039) 89

Polynemus (743) 66

viridis, Gymnelis (1519) 125

\ iscosa, Uranidea (1326) Ill

\ i i rea, Ioa (883) 78

vitreum, Stizostedkm (948) 81

vittata, Algansea (414) 32

Eemitremia 22

Lepidomeda (421) 33

vittatns, Siphateles 32

vivanus, Anthias (972) 83

Lutjanus (1013) 87

Mesoprion 87

vivav, Ammocrypta (881) 77

Cliola 22

volador, Exoccetua 61

volitans, Cephalacanthus (1393) 115

Exoccetus (676) 61

volncellus Yar. (233 d) 23

Hybopsis 23

Vomer 69

setipinnis (791) 71

vomer, Selene (793) 71

vulgaris, Aniiurus (126) 15

vulnerata, Apocope 28

vulneratus, Poecilichthys 80

vulpeculns 6

vulpes, Albula(429) 34

llopias (48) 9

Page.

vnlsus, rodothecus (1380) 1 14

warreni, Boleiehthys 81

webbi, Ophiobletmius (1438).... 11H

wheatlandi var. (711 b) 63

wheeleri var. (1320 i) Ill

whipplei, Etboostoma (934) 81

Notropis (261) 25

williamsoni, Coregonus (504) 43

Gasterosteus (709) 63.

wilsonivar. (1320 d) Ill

wurdomanni, Gobius (1232) 105

xamoccphalus, Notropis (284) 26

xsenurus, Notropis (270) 25

xantbocepbalus, Amiurus 14

xantbosticta var. (980 6) 84

xanthul'um, Cynoscion (1118) 95

xantlmrua, Liostomus (1095) 94

xanti var. (1459 b) 120

Clinus 120

liabrosomus 120

Rhypticus (997) 85

Umbrina (1102) 94

Xenichthys (1003 ) 86

Xenicbthys xanti (1003) 86

xenops 86

xeniens, Fundulus 48

Xenisma 49

Xenistius ealiforniensis (1C04) 86

Xenomi 51

xenops, Xenichthys 86

Xiphias 68

gladiua (757) 67

Xiphidium cruoreum 122

Xiphiidse (Family i.xxxn) 67,68

Xiphister chirus (1480) 122

nmeosus (1481) 122

rupestris (1482) 122

XiphisterimB 123

xyostermis, Brachyopsis (137G) 114

Xyricbthya lineatus 100

mundiceps (1169) 100

mundicorpus (1170) 100

pavo .' 100

psittacus (1168) 100

roaipes (1171) 100

venustus 100

vermicnlatus 100

xyris, Sebastopsis (1292) 108

Xystreurys 134

liolepis (1C03) 135

xystrodon, Sparisoma (1175) ^ 101

Xystroplites 77

xysturus, Ophiclithys 53

Ophismus (618) 53

yarrelli, Pbycia. 129

y-grsecum, Upsilonphorus (1428) 117

TJranoscopus 117

zachirns, Glyptocepbalus (1627) 136

zanemus, Hybopsis (335) 29

Zaniolcpis latipinnis (1258) 107

Zapteryx 10

zatropis, Sipbostoma (C81) 61

zebra var.(8996) 79

zebra, Gobiesos (1410) 1 10

Pileoma 79
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zebrinus, Fundulus (500) 18

Zenidaa (Family xcm) 74

Zenopsis ocellatus (827) 74

Zoarces angnillaris (1503) 124

zonale, Etheostoma (916) 80

zonalia, Poecilichth vs 80

ssonata, Cliola 24

Seriola (804) 71

zonatum, Elassonia (839) 70

zonatus, Alburn us - 20

Chsetodipterua (1198) 102

Ephippaa 102

Esox 4!)

Notropis (275) 20

zonifer, Clinus 120

Labrosomus (1100) 120

Myriolepis (1260) 107

Zygonectea (579) 49

zonipectus, Pomacantb.ua (1206) 103

zi mist ins, Notropis (270) 20

Zophendum plumbeum (205) 20

aiderium (204) 20

Page.

zophcra var. (1320 3) Ill

Bophochir, OpMchthys (625) 0!

zosteroe Hippocampus (700) 62

zosterurum, Gobiosoma (1245) 100

Zygffina tudes 9

zygsena, Sphyrna (47) 9

Zygonectea atrilatua 50

bvachypterns 50

ehrysotus (580) 49

cingulatua 49

craticnla (578) 49

dispar (577) 49

rloripinnis (573) 49

henahalli (572) 49

inurus 50

lineatus (574) 49

Incise (581) 49

notatus (570) 49

rubrifrons (571) 49

sciadicus (575) 49

zonifer (579) 49

zyopterus, Galeorhinus (30) 7

ERRATA.

Species No. 8 should stand as Petromyzon cmicolor, Kirtland, instead of I', bdellium. Ammocoutes

cuiicolor seems to be the larva of this species.

Species 11 b. The subspecies should stand as I'elromyzon marinus unicolor DeKay, instead of P. m.

dorsalus. Ainmocoetes unicolor DeKay is the larva of this form.

Genus 39. The name Dasybatis (Klein) Rafinisque, is prior to Tryyon Adauson (1817), and must be

used for tbis genus (cf. Garman, Proc, U. S. Nat. Mus., 1885).

Genua 01. Hypentelium should bo reunited to Cutostomus.

Species 328. Sbould stand as Hybopsis kentuckiensis Rafinesque, instead of II. biyultatus. It seems

to be the Lttxilus kentuckiensis Raf.

Species 001. Should apparently stand as Esox masquinongy Mitchill instead of E. nobilior.

The name of Family Lxvm a.—Scotuberesocid-x was inadvertently omitted before genus 195, Scorn-

beresox.

Species 1037 should apparently stand as Aphoristia/asciata Holbrook, instead of J., playiusa.





XXV -PATENTS ISSUED BY THE UNITED STATES DURING THE
YEARS 1882, 1883. AND 1884, RELATING TO FISH AND THE
METHODS, PRODUCTS, AND APPLICATIONS OF THE FISHERIES.

By Robert G. Dyrenforth,

Assistant Commissioner of Patents, United Stales Patent Office.

ANALYSIS.
Section C.

I.

—

Hand implements or tools.

2.

—

Knives; heading knives.

Pag*.
No. 266134. Grady, James B., Philadelphia, Pa.

;
patented October 17, 1882;

fish-cutter 9

2.

—

Knives; fish knives (for general use).

No. 253363. Foard, Jeremiah W., San Francisco, Cal.; patented February 7,

1882 ; fish-hook extractor 11

2.— Knives ; clam and oijalcr knives.

No..295611. Amouroux, Louis A., New York, N. Y.
;
patented March 25, 1884;

machine for opening oysters It

No. 299756. Drake, Cnningham, Philadelphia, Pa.
;
patented June 3, 1884 ; oyster-

clamp 12

II.

—

Implements for seizure of object.

9.

—

Tangles ; wheel-tangles.

No.' 297079. Roman, J. Frank and Franklin L., New Haven, Conn.
;
patented

April 15, 18S4 ; apparatus for catching star-fish 12

III.—Missiles.

13.

—

Guns; whaling guns.

No. 256041. Pierce, Ebenezer, New Bedford, Mass.; patented April 4, 1882;

breech-loading homb-gun 13

No. 256548, Cunningham, Patrick, New Bedford, Mass.; patented April 18,

L882 ; bomb-gun 14

No. 10392 (reissue). Pierce, Ebenezer, New Bedford, Mass.; patented October

9, 1883; original patent No. 256041, April4, 1882; breech loading bomb-gun.. IS

[11 975
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IV.

—

Baited hooks; angling tackle.

Hooks ; set tni]>:<.

Page.

No. 253456. Whitconib, Marclone II., Holyoko, Mass.
;

patented February 7,

1882 ; fishing apparatus 15

No. 263638. Wentworth, Richmond A., Appleton, Mo.
;
patented August 29,

1883; ash-trap 16

No. 272232. Gaume, Charles J. B., Brooklyn. N. Y.
;
patented February 13,

1883 ; fishing tackle 17

No. 279508. Tiffany, David B., Xenia, Ohio; patented Juno 12, 1883; fishing-

stake 18

No. 279556. Fisher, Cicero, Temperance Hall, Tenu.
;
patented June 19, 1883;

fish-trap 18

No. 283444. Wentworth, Richmond A., Appleton, Me.
;
patented August 21,

1883 ; fish-trap or spring-hook 19

No. 286494. Skinner, Merrill R., Hamburg, N. Y.
;
patented October 9, 1883 ; fish

trap-hook 19

Hooks; plain hooks.

No. 254313. Hemming, William E., Redditch, county of Worcester, England,

assignor to Charles F. Imbrie, New York, N. Y.
;
patented February 28, 1882;

fish-hook 20

No. 264256. De Forest, Frank, De Soto, Mo.
;
patented September 12, 1882 ; fish-

hook '. 21

No. 280610. Greer, William N., Watertown, Dak.; patented July 3, 1883; fish

trap-hook 1 21

No. 310118. Bower, William C, Union Spriugs, Ala.; patented December 30,

1884; fish-hook
.' 22

Hooks ; jigs and drills.

No. 295369. Dickinson, Newton A., Chester, Conn.
;
patented March 18, 1S84

;

trolling hook 23

Hooks; spoon-baits, plain and flitted.

No. 253308. Miiller, Karl, Hornberg, Baden, Germany; patented February 7,

1882; bait-hook 23

No. 256843. Lowe. William T. J., Buffalo, N. Y.
;
patented April 25, 1882 ; spoon-

bait for fishing; patented in Canada, January 28, 1882 24

No. 261194. Wylly, Lewis C, Patterson, Ga.
;
patented July 18, 1882 ; trolling-

spoon 25

No. 267203. Hill, LysanderS., Grand Rapids, Mich.
;
patented November 7, 1882;

spoon-bait -- 26

No. 273996. Hymers, Christopher, Saint Louis, Mo.; patented March 13, 1883;

self-adjusting fish-shaped fish-hook holder 26

No. 276055. Lowe, William T. J., Buffalo, N. Y.
;
patented April 17, 1883; spoon-

bait for fishing ~7

No.281083. Kessler, Louis, Ludington, Mich.
;
patented July 10, 1883; fishing

apparatus 27

No. 289508. Dawson, Artemas L.,Elk Point, Dak., assignor one-half to Charles

Howard Freeman, of same place; patented December 4, 1883 ; fish-hook 28

No.295350. Chapman, William 1)., Theresa, N. V.; patented March 18, 1884 ; ar-

tificial fish-bait 29

No. 295758. Hibbard, Charles B., Grand Rapids, Mich.; patented March U5,

1884) spoon-bait 30
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Hooks; artificial flies on hooks.
Page.

No. 271424. Comstock, Harry, Fulton, N. Y.
;
patented January 30, 1883 ; arti-

ficial bait 31

No. 272317. Pflueger, Ernest F., Akron, Ohio; patented February 13, 1883; ar-

tificial fish-bait 32

No. 284056. Pflueger, Ernest F., Akron, Ohio; patented August 28, 1»83; arti-

ficial fish-bait 32

Snoods, leaders, and traces.

No. 289612. Bollermann, Carl L., New York, N. Y.
;
patented December 4, 1883;

rotary leader-link for fishing lines 33

Books; trout and grayling flies.

No. 258393. Endicott, Francis, Clifton, N. Y., assignor to Charles F. Imbrie,

New York, N. Y.
;
patented May 23, 1882 ; fly-book 34

No. 275703. Price, Henry F., Brooklyn, N. Y.
;
patented April 10, 1883; fishing-

tackle case 34

No. 294888. Levison, Chancellor G., Brooklyn, N. Y.; patented March 11, 1884
;

fishing-fly book 35

Sinkers.

No. 252628. Smith, Sylvester E., Saint Louis, Mo.
;
patented January 24, 1882

;

combined sinker and fish-hook holder 36

No. 279206. Van Altena, Henry, Milwaukee, Wis.
;
patented June 12, 1883; fish-

ing tackle 36

No. 285075. Rix, Hale, San Francisco, Cal.
;
patented September 18, 1883; sinker

for fishing tackle 37

No. 286188. Erickson, Daniel, Chicago, 111.
;
patented October 9, 1883; sinker

for fish-nets 38

Floats.

No. 261505. Wilson, Oliver G., Gallatin, Tenn.; patented July 18, 1882; fish-

ing-float 38

No. 270358. Aldrich, Ralph W. E., Northampton, Mass.; patented January 9,

1883; fishing-float 39

No. 290154. Vidal, Victor, jr., Pignans, France; patented December 11, 1883;

fishing-float and method of manufacturing the same 40

Beds.

No. 252554. Vom Hofe, Julius, Brooklyn, E. D., N. Y., assignor to himself and

Charles F. Imbrie, New York, N. Y.
;
patented January 7, 1882; fishing-reel.. 41

No. 253090. Ohaver, Warren, and Taylor O'Bannon, Indianapolis, Ind., assign-

ors to the American Reel Company, of same place
;
patented January 31, 1882;

fishing-reel 41

No. 254025. Kiefer, Louis A., Indianapolis, Ind.; patented February 21, 1882;

reel-locks 42

No. 259935. Smith, Franklin R., Syracuse, N. Y., assignor of one-half to Willis

S. Barnum, of same place; patented June 20, 1882; fisherman's reel 43

No. 260932. Boulton, James B. D'A., Jersey City, N. J., assignor to William

Mills and Thomas Bate Mills, New York, N. Y.
;
patented July 11, 1882; fish-

ing-reel 44

No. 264092. Matthews, George H., and John T. Ostell, Montreal, Quebec, Can-

ada
;
patented September 12, 1882 ; fishing-reel 46

S. Mis. 70 62
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Page.

No. 271166. Vom Hofe, Edward C, Brooklyn, N. Y.; patented January 23,

1883; fishing-reel 47

No. 281918. Palmer, George H., Fair Haven, Mass., assignor to Thomas M. Bis-

sett and Thomas J. Conroy, New York, N. Y.
;
patented July 24, 1883 ; fish-

ing-reel 48

No. 282270. Chubb, Thomas H., Post Mills, Vt.; patented July 31, 1883; fish-

ing-reel 50

No. 283084. Dreiser, John, New York, N. Y.
;
patented August 14, 1883; fish-

ing-reel 51

No. 283496. Lang, Anton, Brooklyn, N. Y.; patented August 21, 1883; fishing-

reel 52

No. 284217. Malleson, Frederick, Brooklyn, N. Y.
;
patented September 4, 1883

;

fishing-reel 53

No. 285346. Doubleday, William H., Binghamton, N. Y., assignor to Henry H.

Doubleday, Washington, D. C; patented September 18, 1883; device for at-

taching reels to fishing-rods 54

No. 285630. Kasschau, Henry C. A., New York, N. Y.
;
patented September 25,

1883; fishing-reel 55

No. 294429. Bailey, Gilbert L., Portland, Me.; patented March 4, 1884; reel

fastening for fishing-rods 55

No. 296196. Lockwood, William N., Campville, Conn.
;
patented April 1, 1884

;

line-reel 56

No. 303186. Price, Henry F., Brooklyn, N. Y.; patented August 5, 1884; reel-

fastening for fishing-rods 57

No. 303347. Wakeman, Archer, Cape Vincent, N. Y.
;
patented August 12, 1884

;

fishing tackle 57

No. 306162. Kopf, John, Brooklyn, N. Y., assignor of one-half to Thomas B.

Mills, of same place
;
patented October 7, 1884 ; fishing-reel 58

No. 309305. Kopf, John, Brooklyn, N. Y., assignor of one-half to Thomas B.

Mills, of same place; patented December 16, 1884; method of making fish-

ing-reels 59

Gunwale; winches.

No. 272870. Ferrall, Thomas R., Boston, Mass.; patented February 27, 1883;

trawl-roller 60

Rods.

No. 252008. Andrews, George P., Staffordville, Conn.
;
patented January 10,

1882 ; fishing-rod 01

No. 258902. Eggleston, Hiram, Manchester, Vt., assignor to Charles F. Orvis,

of same place
;
patented June 6, 1882 ; reel-seat for fishing-rod 61

No. 263484. Chubb, Thomas H., Post Mills, Vt.
;
patented August 29, 1882;

tie-guide for fishing-rods 61

No. 264243. Chubb, Thomas H., Post Mills, Vt.; patented September 12, 1882;

ferrule for fishing-rods 62

No. 270460. Mitchell, William, New York, N. Y.
;
patented January 9, 1883

;

fishing-rod 62

No. 277230. Chubb, Thomas H., Post Mills, Vt.
;
patented May 8, 1883 ; fishing-

rod tip - 63

No. 279988. Smith, Richard, Sherbrooke, Quebec, Canada; patented June 26,

1883 ; tension-equalizer for fishing rods 63

No. 285493. Langdon, James E., Torrington, Conn.
;
patented September 25,

1883; joint or coupling for rods, &c 65
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No. 303474. Webb, Justice, Georgetown, Ky.
;
patented August 12, 1884 ; lock-

joint for fishing-rods 65

No. 309028. Byington, William W., Albany, N. Y.
;
patented December 9, 1884

;

fish-line and hook-guard 66

V.

—

Nets.

Pocket nets.

No. 255671. Reynolds, Matthew and ThomaB, Havre de Grace, Md.
;
patented

March 28, 1882; gill-net 66

Hoopnets; landing nets.

No. 270641. Dodge, Jasper N., Detroit, Mich.
;
patented January 16, 1883; fish-

net 67

No. 272305. Muncaster, Otho M., Washington, D. C.
;
patented February 13,

1883; landing net 68

No. 273651. Welles, Richard J., Chicago, 111., assignor to William Mills and
Thomas Bate Mills, Brooklyn, N. Y.

;
patented March 6, 1883 ; landing net. .. 68

Trailing nets ; dredges.

No. 255561. Arapian, Edward, New York, N. Y.
;
patented March28, 1882 ; sponge-

fishing net 69

No. 279792. Paterson, Edwin, Port Washington, N, Y.
;
patented June 19, 1883

;

oyster-dredge 70

No. 284156. Woodruff, JohnN., Fairton, N. J.
;
patented August 28, 1883 ; oyster-

dredge 72

Folding or jerk nets.

No. 288650. Merchant, George, jr., Gloucester, Mass.
;
patented November 20,

1883
;
purse-block for seines 72

Parts of nets and apparatus for manufacture.

No. 256287. Chaunier, Jean, of Lyons, France, assignor, by direct and mesne
assignments, to Pierre J. Boris, ofBoston, Frank G. Kincaid, of Somerville, and
Osceola A. Whitmore, of Maiden, Mass.

;
patented April 11, 1882 ; machines for

making fish-nets
;
patented in France October 30, 1880 73

No. 262140. Sollers, Nathaniel D., Cove Point, Md.
;
patented August 1, 1882;

knrfcHng board for manufacturing nets 77

No. 295262. Manula, Erick, Astoria, Oreg.
;
patented March 18, 1884 ; machine

for casting leads on fish-net lines 79

VI.—Traps.

Pocket traps.

No. 257960. McCord, William R., East Portland, Oreg., assignor to himself, S.

B. Story, C. W. Prindle, and J. M. McCoy; patented May 16, 1882; fish-

wheel 80

No. 259143. Heaton, Thomas, Vancouver, Wash.; patented June 6, 1882; me-
chanical device for catching fish 82

No. 264395. Wilson, Samuel, Dallas, Iowa; patented September 12, 1882; fishing-

wheel 82

No. 301653. Williams, Thornton F., Cascade Locks, Oreg.
;
patented July 8, 1884

;

fishing-machines 83
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Labyrinth traps.

Page.
No. 252466. Hoxie, Albert N., Foxborough, Mass., and Edward Collins, New
York, N. Y.

;
patented January 17, 1882; fish-trap 84

Funnel traps.

No. 254989. Marshal, Major B., Vienna, Md.
;
patented March 14, 1882 ; fish-trap. 84

No. 270411. Frazer, James M., Portland, Oreg.
;
patented January 9, 1883 ; fish-

trap 85

VIII.—Decoys and disguises.

Natural baits, methods of preparing baits.

No. 306896. Bates. Carol F., Hughes Springs, Tex.
;
patented October 21, 1884;

mixture for fish-baits 87

Natural baits, bait-boxes, and cans.

No. 299690. Sherwood, Willis H., Saint Joseph, Mo.; patented June 3, 1884;

fishing-bait kettle 88

No. 299765. Evans, Richard K., Washington, D. C; patented June 3, 1884;

bait-fish can 88

No. 302086. Barton, George W., Bethlehem, Ky.
;
patented July 15, 1884 ; fish-

erman's minnow-bucket 89

No. 302161. Rudolph, Thomas W., Saint Louis, assignor of one-half to Charles

D. Moody, of Webster Groves, Mo.
;
patented July 15, 1884; minnow-bucket. 89

No. 307375. Busche, Charles F., Saint Louis, Mo.
;
patented October 28, 1884

;

miunow-bucket 90

IX.—Pursuit, its methods and appliances.

Trappings, game bags.

No. 253501. Bourne, Edward, Allegheny. Pa.; patented February 14, 1882;

sportsman's game-ring 90

No. 276945. White, Addison, Huntsville, Ala.
;
patented May 1, 1883

;
game-

carrier ' 91

No. 278856. Benedict, William F., New York, N. Y.
;
patented June 5, 1883;

basket 91

Section D.

I.—Preparation and preservation of food.

Fish-cars and other floating cages for aquatic animals.

No. 257597. Long, Samuel N., West Harwich, Mass.; patented May 9, 1882; fish-

ing apparatus 92

No. 268558. Small, Michael S., Cape Elizabeth, Me.; patented December 5 1882;

fish-sack 93

No. 292123. Lindsay, Richard A., Baltimore, Md.; patented January 15, 1884;

live-box for fish 94

Hefrigerators.

No. 265544. Schmidt, Diedrich, New York, N. Y.; patented October 3, 1882 ; fish-

safe 94

No. 291195. Jennings, Ralph S., Boston, Mass.; patented January 1, 1884; fish-

package 95
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No. 295517. Bergtold, Charles A, New York, N. Y.; patented March 25, 1884;

fish-box 96

No. 300061. Fraser, Spencer L., and William A. Brigham, Toledo, Ohio; patented

June 10, 1884 ; oyster refrigerator 96

Canning meats.

No. 259442. West, William Keene, Ontario, Canada; patented June 13,1882; can-

filling apparatus 97

No. 262575. Crosby, Augustine, Benton, Me.; patented August 15, 1882; machine

for filling cans with meat, fish, &c 101

No. 265137. Pond, Charles L., Buffalo, N. Y.; patented September26, 1882 ;
pack-

age for oysters, &c 104

No. 296023. Levi, Thomas, New Westminster, British Columbia, Canada; pat-

ented April 1, 1884 ; device for keeping fish, meat, fruit, and other preserving

cans clean while being filled 105

No. 299710. Wolff, Julius, New York, N. Y.; patented June 3, 1884; sardine-

can 106

II.

—

Preparation of oils and gelatines.

Extraction offish oils.

No. 288106. Payzant, Freeman, Lockeport, Nova Scotia; patented November 6,

1883
;
process of and apparatus for extracting oil from fish liver and blubber. 107

No. 294940. Vogellus, Peter O, Gloucester, Mass.; patented March 11, 1884;

process of extracting oils and fats from fish 107

III.—Manufacture of fertilizers.

Preparation of guano.

No. 259140. Harris, Frank L., Harrisonburg, Va.; patented June 6, 1882; manu-
facture of fertilizing material 108

No. 263322. Crowell, Azariah F., Wood's Holl, Mass.; patented August 29, 1882;

manufacture of fertilizers 108

•

Section B.

I.

—

Foods.

Dry salted preparations.

No. 251772. Eckart, John, Munich, Bavaria, Germany
;
patented January 3,

1882 ; compound for preserving meats and fish 109

No. 255017. Pond, Charles L., Buffalo, N. Y.; patented March 14, 1882; package

for oysters 110

No. 261984. Baxter, James H., Portland, Me., assigDor to himself and Charles

A. Dyer and David L. Fernald, both of same place
;
patented August 1, 1882;

apparatus for packing dried fish 112

No. 265735. Baxter, James H., Portland, Me.; assignor to himself and Charles

A. Dyer and David L. Fernald, both of same place; patented October 10,

1882; putting up dried fish 112

No. 2R7685. Fowler, Anderson, New York, N. Y.; patented November 21,1882;

apparatus for preserving meats 113

No. 275973. Andrews, Oscar, Gloucester, Mass.; patented April 17,1883; pre-

paring salt fish for market 114
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No. 276868. Nichols, Frederick B., and Cathcart Thomson, of Halifax, Nova
Scotia, Canada ; said Nichols assignor to said Thomson

;
patented May 1, 1883

;

process of manufacturing fish meal 115

Smoked preparations.

No. 273074. Jennings, Ralph S., Baltimore, Md.; patented February 27, 1883;

process of preserving fish 116

III.—Materials employed in the arts and manufactures.

Whalebone in an unmanufactured state.

No. 261623. Morgan, Hubert W. , Westfield, Mass.; assignor to himself and Ed-

win R. Lay, of same place, and James T. Morgan, of Winsted, Conn.; patented

July 25, 1882
;
preparation of whalebone 117

Preparedfrom fish skins, isinglass.

No. 299515. Brooks, Reuben, Gloucester, Mass.; patented June 3, 1884 ;
process of

treating the waste of salt fish 117

Fish oils, menhaden oil.

No. 260179. Evans, Henry F., New York, N. Y.; patented June 27, 1882 ; oleagin-

ous compound used in manufacturing cordage 118

Section F.

II.—Protection.

Box, step, or pool fish-ways.

No. 286869. Trammer, C. W., Great Falls., Md.; patented October 16, 1883; fish-

way - 119

III.

—

Propagation.

Hatching houses.

No. 301285. Schmitz, Christopher, San Francisco, Cal.; patented July 1,1884;

apparatus for oyster culture 119

Hatching troughs and boxes, stationary.

No. 263933. McDonald, Marshall, "Washington, D. C, assignor to himself and
Stephen C. Brown, of same place

;
patented September 5, 1882 ; method of

and apparatus for hatching fish 120

No. 277805. Stone, Livingston, Charlestown, N. H.; patented May 15, 1883; fish-

egg hatching-trough 123

Apparatus used in the transportation offish.

No. 256240. Orpen, Charles N., New York, N. Y.; patented April 11, 1882; aqua-

rium 123

No. 265255. Scott, John H, jr., and Albert A. Freeman, Philadelphia, Pa.; pat-

ented October 3, 1882; method of preserving oysters and similar shell fish... 124

No. 295218. Zanetti, Fortonato C, Bryan, Tex.; patented March 18, 1884;

aquarium 124
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DESCRIPTION OF PATENTS.

No. 266134.

-(James B. Grady, Philadelphia, Pa.
;
patented October 17, 1882 ; fish-cutter. See

Plates I, II, III.)

A machine for removing the heads and tails of fish as a preliminary

step in preparing them for boxing. The usual method of preparing the

fish by hand is as follows : The fish are brought to the operating-table

in baskets, crates, &c, where they are to be laid out in regular rows.

The operator then removes the heads and tails with a knife, after which

the fish are carried to the flakes or drying dishes. The removal of the

heads and tails is laborious work, and even when performed by a skill-

ful workman not always well done. In preparing the fish for boxing it

is necessary that none of them should be over a certain size, the boxes

being all of a standard size. If the fish are longer than the standard,

they must either be trimmed by the person employed in boxing or be

returned to the cutting table. If a gauge is used by the cutter, it takes

longer time to dress and prepare the fish. The object here is to provide

means whereby the fish may be carried from a series of hoppers and au-

tomatically delivered by a system of elevators and endless belts to a

series of pairs of saws or other cutting apparatus, which removes their

heads and tails, after which they are delivered into a receptacle. The
fish are placed in a hopper, A, as they come from the water. This hop-

per has an opening, a, at its lower end, through which they pass, and
they are then taken up one at a time, by buckets, b, on endless apron

E, moving on the pulleys b x b2
. The fish are carried by the apron to the

of the top roll b1
, where they drop off into the trough C, which is wider

at the top than the bottom, and has running through it, at its bottom,

the endless belt D, moving on the pulleys d d 1
. The fish are thrown

into the trough C crosswise, but the trough being V-shaped, they fall

on the carrier lengthwise. They are then carried by the belt D forward

toward the pulleys d 1

, under which are placed the saws or cutters 1

1

1

for removing the heads and tails ; but as it is necessary that all the fish

should arrive at the saws with their heads on the same side of the belt,

or with their heads toward the larger saw, the gate E is placed over the

apron D. This gate is placed at an angle over the apron, with its lower

edge very near to but not in contact with the apron, and it is held in

place by the arms ee passing through the sides of the trough C. It is also

held down by a spring. When the fish are moving on the belt with their

tails forward, or in the direction of the pulleys d1
, the tail acts as a wedge

or lever and raises the end of the gate E and allows the fish to pass under

it. If, on the contrary, they approach the gate heads forward, the head
strikes against the edge of the gate and the fish slides up and over the
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gate and is thrown into or against the lower end of the semicircular-

shaped turner F. The momentum carries them partly around the cir-

cumference of the inner side of this turner, when they fall back on the

belt D behind the gate E, having been turned in an opposite direction

from what they were when they met the gate E. By this arrangement all

the fish are carried tails forward, after either going over or under the

gate E. From there they are carried forward to the pulley d1
. At this

point is placed what is called a deflector, and which is intended to place

the fish on the carrier or belt H, with the heads toward the saws or

cutters If. This deflector is made in the shape of a longitudinal section

of a cone bent to a semicircle and having an extension or flattened

side, g. The fish enter the deflector at its larger end, tail first, and,

following the shape of the cone, the tail strikes the brush or stop g
1

.

The head slides along the flattened side and the fish drops on the belt

with the head toward the saw or cutter I1
. The belt H moves on the

pulleys h ¥ in the direction of h, and it also runs under the pulley d l

and belt D. The fish are carried by the belt H forward and under belt

D and pulley of
1

, which hold it in position while the cutters 1

1

1 remove

the heads and tails. They are then carried forward by the belt H and

deposited in the box K, whence they may be removed from time to time

and cleansed of their entrails, or otherwise further prepared for boxing.

CLAIMS.

"1. In a machine for dressing fish, the combination of the hopper

A, the elevator- belt B, provided with buckets b, chute C, endless belts

D and H, with their pulleys d h and d' h', and knives I and I 1
, sub-

stantially as shown and described.

"2. In a machine for dressing fish, the combination of the endless

belt or carrier D, pulleys d d\ swing-gate E, deflectors F and G, chute

C, and the cutters I and I', substantially as shown and described.
k ' 3. In a machine for dressing fish, the combination of the endless

belts D and H, with their pulleys d h and d 1
h', and the cutters I I' cm

each side of the belt, with the chute and deflector G, whereby the

fish are delivered sidewise to the cutters, substantially as shown and

described.

" 4. In a machine for dressing fish, the combination, with the chute

C and carrier D,of the inclined gate E and curved deflector F, whereby

the position of the fish on the carrier is automatically regulated, sub-

stantially as described.

" 5. In apparatus designed to prepare and dress fish by mechanical

means, a deflector made, substantially as described, as the longitudinal

section of a cone or conoid, and having a flattened side or projection,

and adapted to alter the relative position of fish while descending

from one carrier to another carrier parallel to it."



[11] PATENTS ISSUED RELATING TO FISH AND FISHERIES. 985

No. 253363.

(Jeremiah W. Foard, San Francisco, Cal. ;
patented. February 7, 1882; fish-hook ex-

tractor. See Plate IV.)

A shaft of brass, of malleable iron, or of rubber, has a recess formed

by overlapping flanges riveted to the shaft, and of such width as to

cover the point of a hook and prevent its reinsertion in drawing.

To extract a hook from a fish's throat the line is drawn moderately

taut and the instrument is inserted into the shank of the hook, em-

bracing it within the recess, and is then pushed down upon the inside

of the bend of the hook till the barb is liberated. This done, the ex-

tractor is withdrawn, bringing the hook with it.

CLAIM.

" The fish-hook extractor herein described, consisting of the shaft C,

having overlapping flanges A at the point and adjacent sides, forming

recesses B, substantially as shown, and for the purposes specified."

No. 295611.

(Louis A. Amouroux, New York, N. Y.
;
patented March 25, 1884 ; machine for opening

oysters. See Plate V.

)

The object is to open oysters quickly and conveniently. The shell is

separated at the hinge to avoid losing the juice.

A frame has standards for supporting a fulcrumed lever having a ser-

rated jaw, against which the oyster is placed, and an adjustable stand-

ard is rigidly locked to the slotted base of the frame, and provided at

its upper end with a twisted and pointed knife for severing the butt or

hinged part of the shell. In operation, the hook d of the detachable

upright standard D is first so placed over any one of the transverse rods

« 2
, as to be at a desirable distance from the serrated lever B, according

to the size of the oyster to be opened. The oyster is then placed with

its mouth against one of the teeth of the jaw, while the butt or hinged

end of the shell is placed against the knife. The lever is then pressed

down, and the butt of the oyster forced against the knife, whereby the

muscle that holds together the two halves of the shell is severed by the

point of the knife, while the sections of the shell are separated by the

twisted portion. The shell is then opened by a recessed knife, by which

also the oyster is removed.

The inventor says

:

" I am aware that oyster-openers in which a fixed serrated abutment

and a reciprocating knife are employed have been used heretofore, and

I do not claim the same."
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CLAIMS.

" 1. An oyster-opener consisting of a supporting frame, a fulcrumed

lever having a serrated jaw, an adjustable standard having a fixed and

twisting knife, and means whereby the standard is rigidly locked to the

base of the frame, substantially as set forth.

" 2. The combination of a base, A, having fixed upright standards

A7
, and a recess with transverse rods a2

, a fulcrumed lever, B B', an

adjustable standard, D, having a fixed and twisted cutting-knife, e, and

a bottom hook, d, and heel, whereby the standard D may be rigidly

locked to the base at varying distances from the jaw, substantially as

set forth."

No. 299756.

(Cuningham Drake, Philadelphia, Pa.
;
patented June 3, 1884 ; oyster-clamp. See

Plate VI.)

In opening oysters difficulty is often experienced in holding the oys-

ter firmly and the hands are frequently cut.

This invention is intended to present an inexpensive and convenient

clamp for holding the oyster firmly during the operation. The clamp

consists of two parts, of wood or metal, hinged together at their rear

ends. The bottom part is longer than the top, and has a recess rounded

at its inner end and gradually increasing in depth from the open front

side, forming an inward-inclined bottom. The top has a similar recess.

As the oyster is held between the hinged parts or jaws, its projecting

end may readily be broken with a knife or hammer, and a pointed im-

plement inserted for prying the shells apart.

CLAIM.

" The oyster clamp or holder consisting of the recessed bottom part

A, and short recessed top part, B, hinged together at C, the bottom part

projecting beyond the top, as shown, substantially as and for the pur-

pose set forth."

No. 297079.

(J. Frank and Franklin L. Homan, New Haven, Conn.; patented April 15, 1884; ap-

paratus for catching star-fish. See Plate VII.)

An apparatus for the removal of star-fish from oyster-beds. The

great destruction of oysters due to star-fish is well known. A dredge

or drag to be drawn over the oyster-beds to start the fish from the oys-

ters over which they may be, has, behind it and above its plane, a re-

ceptacle in which the fish, naturally rising when disturbed by the drag,

will be caught. The oysters which have been disturbed and passed

over the drag will fall back between this and the mouth of the recepta-

cle, and be left on the bed. A separate receptacle, however, may be

attached directly to the drag and thus below the first, to catch the oys-

ters as they pass over.
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CLAIM.

" The combination of the drag A provided with means, substantially

sucli as described, whereby it may be drawn over the surface of the

oyster-bed, with an opened-mouthed receptacle, D, in rear of the drag,

the mouth arranged to open above the plane of the drag, and so as to

leave an open space downward between the drag and the mouth, sub-

stantially as described."

No. 256041.

(Ebeuezer Pierce, New Bedford, Mass.
;
patented April 4, 1882 ; breech-loading bomb-

gun. See Plates VIII and IX.

)

This invention comprises a combined bomb-gun and harpoon, in which

the gun can be charged without detaching the barrel. In this respect

it differs from a patent for a similar invention granted the present in-

ventor January 28, 1879, No. 211777. The gun barrel is hinged to the

breech -piece so that it can be dropped down or turned away from the

breech when the gun is to be charged. Within a chamber in the breech

are a hammer, its main spring, and a firing-pin which explodes the

charge when struck by the hammer. The chamber is closed by top and

bottom plates which prevent the access of water thereto. The journal

pins of the hammer project through the sides of the chamber. One of

these pins carries a pawl which engages a trigger pivoted to the face

plate of the breech-block. On one side of the gun is a rod which is di-

vided near the breech of the gun. The lower portion of this rod is

supported by and slides in guides upon the breech piece, and the upper

portion is supported by and slides in guides upon the barrel. The outer

end of the rod projects beyond the muzzle of the gun. The lower end

engages with the firing mechanism in the breech-piece. A spiral spring

encircles the upper portion of the rod above the breech, and keeps it

from contact with the divided lower portion of the rod. The gun is

thrown and when the front end of the rod strikes the body of the whale

it is pushed back against the lower portion of the rod, which strikes the

trigger and explodes the charge, which projects the harpoon into the

whale.

The inventor says:

" Of course it is well understood that as breech-loading guns have

long been in use no attempt is made in this application to broadly claim

a breech-loading bomb-gun ; but by making the bomb-gun breech-load-

ing by hinging the barrel to the breech-piece it is found to be far more

serviceable and convenient than in my patent hereinbefore referred to,

in which the barrel is not hinged, but must be entirely detached from

the breech- piece for loading.

" It is obvious that if in the present instance the rod for firing the

gun were held by guides both upon the barrel and the breech-piece, as

in the case in my said patent, the barrel could not be turned upon the
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hinges for purposes of loading ; but by carrying the sliding rod which

operates the firing mechanism by impact, as before described, solely

upon guides on the barrel, the barrel can be turned upon its hinge for

the purpose of loading without detaching the rod therefrom. Therefore

the rod will be in position on the barrel of the gun at all times and

always ready, so that after the insertion of a cartridge the barrel can be

closed and the gun will be ready for instant action without necessitat-

ing the attaching of the rod. Moreover, the rod cannot be lost, which,

were it detachable, would often occur."

CLAIMS.

"1. In a breech-loading bomb-gun, the combination of a hinged bar-

rel with the breech-piece carrying firing devices, a sliding rod adapted

to connect with and actuate the firing devices by impact, as described,

said rod being arranged in guides on the hinged barrel to move there-

with during the act of inserting a cartridge or charge in the barrel of

the gun when it is turned on its hinge, as and for the purpose set forth.

"2. The combination, with a breech-loading bomb-gun, of the divided

sliding rod, which operates the mechanism employed for firing the

charge by impact, one portion of said rod being supported by a guide

upon the breech-piece and the remaining part of the rod being sup-

ported by guides upon the barrel, whereby the barrel can be turned

back on its hinge without disconnecting either of the rods, substantially

as described."

No. 256548.

(Patrick Cunningham, New Bedford, Mass.
;
patented April 18, 1882 ;

bomb gun. See

Plates X and XI.)

The object here is to provide a combined bomb-gun and harpoon

which may be loaded and unloaded with ease and celerity, and one

which will be safe to handle and use, and also one in which can be used

the bomb-lance and cartridge combined, patented to this inventor De-

cember 28, 1875, which bomb-lance requires a breech loading gun in

which to be fired.

With a hinged-barrel breech-loading bomb-gun is combined a rod, the

rear end of which fits in a socket attached to the breeeh-piece of the

gun, that part of the rod which is inclosed in the socket having a spur

which passes through an elongated slot in the side of the breech and

connects with and actuates the firing devices when the rod is shifted to

the rear by force applied at its front end.

CLAIMS.

" The combination of a breech-loading bomb-gun, having a hinged

barrel and provided with the slot I, with the socket B, having spring i,

and the rod C, provided with the projection g, substantially as shown."
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No. 10392, reissue.

(Ebeuezer Pierce, New Bedford, Mass.
;
patented October 9, 1883, original patent No.

256041, April 4, 1882 ; breech-loading bomb-gun. See Plates XII and XIII. )

The details of the invention are more fully described than in the

original patent. The construction and operation of the device are, of

course, the same as that of the original patent, a description of which

has already been given. The change is in the description and claims.

CLAIMS.

" 1. In a breech-loading bomb-gun, the combination of a hinged barrel,

with the breech-piece carrying firing devices, and a sliding rod adapted

to connect with and actuate the firing devices by impact, as described,

said rod being arranged in guides on the hinged barrel to move there-

with during the act of inserting a cartridge or charge in the barrel of

the gun when it is turned on its hinge, as and for the purpose set

forth.

"2. The combination, with a breech-loading bomb-gun, of the divided

sliding rod which operates the mechanism employed for firing the

charge by impact, one portion of said rod being supported by a guide

upon the breech-piece and the remaining part of the rod being sup-

ported by guides upon the barrel, whereby the barrel can be turned

back on its hinge without disconnecting either of the rods, substanti-

ally as described.

"3. In a breech-loading bomb-gun wherein a hollow breech-piece con-

tains the firing apparatus, and a catch is provided to engage with a

tumbler-tooth on the hammer-axis when the gun is cocked, a push-rod

on the exterior of said breech-piece, adapted, when pushed, to release

said tumbler-tooth, in combination with a barrel hinged to the upper

edge of one of the sides of said breech-piece, and latched or pinned to

the upper edge of the opposite side of said breech-piece, substantially

as described.

"4. In a breech-loading bomb-gun, a flat-surfaced breech-piece having

a barrel hinged thereto at one of its upper edges on a line with the

surface of said breech-piece, and latched or pinned thereto at the op-

posite edge, substantially as described."

No. 253456.

(Marciene H. Whitconib, Holyoke, Mass.; patented February 7, 1882; fishing appa-

ratus. See Plate XIV.)

This apparatus, designed to be set after the fashion of a trap, is for

fishing through holes in the ice, and when a fish is caught on the hook

a signal denoting the fact is automatically displayed. A cylindrical

tube forms the body of the apparatus, and into the end of this tube is

inserted a stick which serves as a standard. On the outside of the tube



990 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [16]

is hung a spool to hold the fish -line. The lower end of this spool bears

on a stop, the upper end being kept in place by an elastic clasp, which
can be moved up and down on the tube, permitting the removal of the

spool, and can be set to bear against the end of the spool with sufficient

friction to prevent the spool from turning too rapidly. In the tube is a
piston, to the upper end of which is attached a poinpon, or flag, as a
signal, the pompon or flag being drawn into the tube when- the trap is

set, but shooting up into sight when the trap is sprung. The piston is

impelled upward by a coiled spring, one end of which is attached to the

tube and the other to the piston. The piston is a rod bent out laterally

at its lower end, which projects through a vertical slot in the side of the

tube and forms a tappet for co-operation with the tripping-lever, which

is pivoted to the outside of the tube and has its inner end hooked
to catch upon the lateral projection of the piston, with the other end
(when the trap is set) projecting laterally for connection with the fish-

line. A loop at a convenient point is tied in the line and hung upon
the out end of the tripping-lever. Thence it drops into the water with

a hook depending therefrom. When a fish is caught its pull upon the

line detaches the hook of the tripping-lever from the lateral projection

of the piston, which being freed flies up and displays the signal at the

top.

CLAIMS.

" 1. The combination of the tubular body, the spring-piston with its

signal-top, the tripping-lever, and the fish-line, all substantially as de-

scribed, and for purposes specified.

"2. The combination of the tubular body, the spool thereon, the

spring-piston, the tripping-lever, and the fish-line, all substantially as

described, and for purposes specified."

No. 263638.

(Richmond A. Wentworth, Appleton, Me.; patented August 29, 1882; fish-trap. See

Plate XV.)

This invention relates to that class of attachments for fishing-lines in

which the bait-hook and line, when pulled by the fish, operate a trigger,

releasing a spring to jerk the hook suddenly into the mouth. A metal

rod has an eye in its upper end for the attachment of the line. Encir-

cling the upper end of the rod, and fastened with one end near its top,

is a coiled spring, the lower end of which is fastened to a cross piece,

which slides upon the rod, and is enlarged where the rod passes through

it. To this cross-piece is fastened the lower part of the fish-line, to

which the bait-hook is attached. This part of the line passes down
along the rod and over a small sheave at its bifurcated lower end.

Thence it passes through the forked lower end of the trigger and over a

little sheave or roller inserted therein. Upon the lower end of the

trigger is a spring, the free end of which bears against the lower part
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of the rod which is grooved longitudinally to receive it, and prevent its

slipping sidewise. By moving this spring up or down upon the trigger

the force required to spring the trap may be adjusted at pleasure ac-

cording to the size and species of fish which it is desired to catch. The
upper part of the trigger is hinged in a short arm which is fastened upon

and projects from the rod.

CLAIM.

"The herein-described fish-trap or hook-spring, consisting of the rod

A, spring 0, sliding cross-head D, trigger E, having the adjustable

spring F, and hook-line B', passing through the lower ends of rod A
and trigger E, all constructed and combined to operate substantially as

and for the purpose shown and set forth."

No. 272282.

(Charles J. B. Gaume, Brooklyn, N. Y.
;
patented February 13, 1883; fishing-tackle.

See Plate XVI.)

The fishing-line is thrown out into the water, and the land end is

passed over the pulley H, around the cleat or catch O on the arm 1ST,

and is received on the cleat C, the arm L having been previously raised

and the inner end of the latch-lever M passed into the aperture a, and

the stud b passed under the outer end of the latch-lever M. As soon

as a fish touches the hook or the bait on the same, this slight tension

on the line will be sufficient to cause the bell at the upper end of the

rod of F to ring. If the fish nibbles at the bait, the tension on the line

will be sufficient to draw the outer end of the arm N upward, and thus

release the outer end of the lever M, which will then swing downward
with its outer end, thereby causing the inner end to pass out of the ap-

erture a. The spring J will then draw the arm L down very suddenly,

and will jerk the line, as the same is attached to this arm L. This jerk

on the line pulls the hook into the fish's jaw.

CLAIMS.

" 1. In a fishing-tackle, the combination, with the block A, of the

slotted tube E, the spring J, the disk K, the arm L, the latch-lever M,
and the pivoted arm N, substantially as herein shown and described,

and for the purpose set forth.

" 2. In a fishing-tackle, the combination with the block A, of the

slotted tube E, the spring J therein, the disk K, the arm L, the latch-

lever M, the pivoted arm N, provided with a lateral stud, &, and the

cleat or catch O on the arm N, substantially as herein shown and de-

scribed, and for the purpose set forth.

" 3. In a fishing-tackle, the combination, with the block A, the slotted

tube E, the spring J, the disk K, the arm L, the latch-lever M, the

pivoted arm K, provided with the catch O, the rod F, provided with the

bell G, and the pulley H, substantially as and for the purpose set forth."
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No. 279508.

(David B. Tiffany, Xenia, Ohio; patented June 12, 1883; fishing-stake. See Plate

XVII.)

The stake is driven into the ground. Inserted into one side at a suit-

able distance above the ground is a screw-rod or clamping-bolt on which

is a line winding-reel. The contact of the inner end of the reel with

the stake is prevented by a washer on the screw bolt. The clamping-

rod can be loosened to allow the reel to revolve upon it, or it can be so

tightened as to hold the reel rigid and prevent its revolution. On the

upper end of the stake is a gong which sounds an alarm when a fish is

hooked and draws the line from the reel.

The inventor says

:

" I am aware there is nothing new in the mere use of an alarm used

in connection with a reel, and I do not therefore broadly claim such a

device.

" I am aware that a fishing-stake provided with a reel and an alarm

mechanism is not new, and this I disclaim. My invention differs from

these in placing the reel upon a clamping-screw, so that the reel can

be allowed to freely revolve and thus sound an alarm, or be locked in

place, so that the line cannot be drawn off when left at night."

CLAIMS.

" The combination of the stake A, the reel D, the washer F, screw

clamping-rod G, which passes through the reel directly into the stake,

the projection H on the end of the reel, the spring-actuated hammer J,

and gong O, the parts being combined and arranged to operate sub-

stantially as shown."

No. 279556.

(Cicero Fisher, Temperance Hall, Tenn.
;
patented Jnne 19, 1883 ; fish-trap. See Plate

XVIII.)

The invention relates to improvements in fishing-tackle in which, by

means of a spring and trigger and hooks, the fish is fastened without

jerking the pole by the hand ; and the object of the invention is to hook

the fish immediately upon its seizing the bait. On the end of the block

or pole is fixed a metallic plate, b, containing a niche, c, for the end e of

the trigger. When the spring is drawn down to be set the trigger

passes through the loop or staple s, which is in the end of the block and

serves as a rest for the trigger while in the niche c, and prevents the end

where the line is tied from rising up with the spring.

CLAIM.

" The combination with the block or pole B, provided with loop or

staple s, of the spring A, trigger T, link a, and line L, having one or

more hooks, all substantially as and for the purpose described."
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Ho 283444.

(Richmond A. Wentworth, Appleton, Me.
;
patented August 21, 1883 ; fish-trap or

spring-hook. See Plate XIX.)

The invention relates to that class of spring attachments for fishing

lines in which the bait, hook, and line, when pulled by the fish taking

the bait, operate a trigger, releasing a spring and suddenly jerking the

hook into the mouth of the fish biting; and it consists in an improve-

ment upon the fish-trap, for which letters patent of the United States,

No. 263638, were granted this inventor August 29, 1882.

A metal rod has an eye or hole at its upper end to which is attached

the fishing line. Encircling the upper end of this rod, and fastened with

one end near its top is a coiled spring, the lower end of which is fast-

ened in a cross-piece which slides upon the rod. To this cross-piece is

fastened the lower part of the fishing line, to which the bait hook is

attached. This part of the line passesdown along the rod and through

a .small piece of cord or wire, which passes through an eye in the lower

end of the rod to the lower end of the trigger. On the trigger is a

spring, the free end of which bears against the lower part of the rod,

which is grooved longitudinally to receive the end of the spring and

prevent its slipping sidewise. By moving this spring up or down upon

the trigger, the force required to spring the trap may be adjusted ac-

cording to the size and species of fish which it is desired to catch.

Around the top of the rod inside of the coiled spring is placed another

small coiled spring, against which the shoulder of the cross-head strikes

when the trap is sprung, thus cushioning the stroke of the cross-head.

CLAIMS.

" 1. The herein-described fish-trap or spring-hook, consisting of the

rod A, spring I, spring C, sliding cross-head D D', trigger E, having

the adjustable spring F, and connected by a cord or wire, b, with eye a,

and hook-line B', passing through said eye «, all constructed and com-

bined to operate substantially as and for the purpose shown and set

forth.

" 2. The combination, in a fish-trap or spring-hook of the described

class, of the rod A, spring C, having cross-head I) I)', and cushion-

spring I, substantially as and for the purpose herein shown and set

forth."

No. 286494.

(Merrill R. Skinner, Hamburg, N. Y.
;
patented October 9, 1883 ; fish trap-hook.

See Plate XX.)

This invention relates to those hooks which are provided with aux-

iliary hooks or gaff-hooks, so connected with the bait-hook that a pull

on the bait-hook will cause the gaff hooks to swiug down and seize the

S. Mis. 70—63
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fish or other aniinal which is pulling on the bait-hook. The bait-hook

is attached to the coil of the spring by a snood. When a fish or other

animal seizes the bait-hook and pulls on the same, the draft is trans-

mitted by the spring-arms to the gaff hooks, which latter are swung
outward and downward on their pivots, whereby the spring-arms are

distended, until the gaff-hooks have passed a position at right angles to

the bail, when they begin to close, this movement being accelerated by
the pressure of the spring-arms. The inclined position of the slots pro-

duces a wedging action, which tends to facilitate and accelerate the

closing of the hooks. As the spring-arms are attached to the gaff-hooks

at a short distance from their pivots, the downward movement of the

gaff-hooks will be very quick, thereby enabling the gaff-hooks to seize

the fish immediately. For some kinds offish a very light spring is em-

ployed for connecting the bait-hook with the gaff-hooks, and if such a

light spring is used in the device, and it is desired to use the hook with

a greater spring pressure, this is accomplished by stretching a rubber

baud, r, over the spring-arms e, as represented in the drawings. The
rubber band can be moved toward or from the coil e', thereby reducing

or increasing the pressure on the spring-arms, as may be desired. By
increasing or reducing the length of the snood fc, the point at which the

fish is seized by the gaff-hooks can be regulated. The gaff-hooks are

set by pressing them back into the frame, in which position they are

held by the spring.

CLAIMS.

"1. The combination, with a bail D, of gaff hooks C, pivoted to the

bail, a spring B, having its arms e attached to the gaff-hooks near their

pivots, and a bait-hook, A, attached to the spring B at the junction of

its arms, substantially as set forth.

" 2. The combination of the bail or frame D, gaff-hooks C 0, pivoted

to the frame D, and provided with inclined slots h, a spring, B, con-

structed with arms e, engaging in the slots h of the gaff-hooks, and a

bait-hook, A, attached to the spring B, substantially as set forth."

No. 254313.

(William E. Hemming, Redditch, county of Worcester, England, assignor to Charles

F. Imbrie, New York, N. Y. ;
patented February 28, 1882; fish-hook. See Plate

XXL)

The object is to provide barbed fish-hooks with a baiting needle, upon

which living bait may be placed and held securely, or upon which a

troll ing-spoon may be quickly adjusted. A duplex-barbed fish-hook

has rigidly secured to and between its shanks one limb of a bent baiting

needle, the lower end of the limb terminating in a catch which clasps

the lower end of the needle when it is pressed down. When released

the needle springs out to an angle with the limb when anything desir-
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able may be slipped upon the needle. The needle may be passed through

any small and not necessarily vital part of live bait, and when the

needle is held in the catch it will hold the bait securely. A trolliiig-

spoon provided with staples may be adjusted on the pin instead of the

live bait, being held by the catch, the same as the bait.

CLAIMS.

" 1. As an improved article of manufacture, a fish-hook made sub-

stantially as herein shown and described, with a baiting-needle, B, at-

tached to the rear portion of its shank, as set forth.

"2. The combinatiou, with the hooks A, of the spring baiting-needle

i> and clasp b', substantially as specified.

" 3. The combination, with the hooks A and baiting-needle B, of the

trolling-spoon 0, provided with hooks or staples d, whereby said troll-

ing spoon may be removably attached to and locked next the barbed

hooks, substantially as herein shown and described."

No. 264256.

(Frank De Forest, De Soto, .Mo.
;
patented September 12, 1882; fish-hook. See Plate

XXII.)

Two hooks with their barbs in opposite directions, and bent so that

their barbed ends may separate, are jointed near the top of the shank.

The shanks have the usual eyes for receiving the fishing line, which

passes through them, so that when it is drawn upon, the upper ends of

the hooks are brought together and the barbs are spread. The bait of

sufficient size to retain the barbed ends together is placed over the

hooks. When thus baited, the hooks cannot separate by being drawn

through the water; but when taken by the fish, and the line is thus

drawn upon, the barbs spread.

CLAIM.

"The double-jointed fish-hook consisting of the two hooks A pointed

in opposite directions, with their points arranged to stand in close con-

tiguity to each other, whereby they are held against being spread apart

by the action of the water by the bait placed thereon, and having their

shanks looped or bent into eyes around a pivot, b, while their upper

euds have passed through them the line c, all constructed as shown and

described, and for the purpose set forth."

No. 280610.

(William N. Greer, Watertown, Dak.; patented July 3, 1883; fish trap-hook. See

Plate XXIII.)

The invention has relation to that class of lish-hooks generally known

as "lever-hooks", and more particularly to that class of lever-hooks in
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which the catch -hook is held by means of a clamp. In using this class

of hooks it is desirable to be able to set the catch-hook so that it will

be released and strike the fish biting on the bait-hook, while it is at the

same time desirable to have the catch-hook set in such a manner that

it will not strike the fish which may only be nibbling at the bait. To

this end the clamp is made adjustable on the shank, so that it may
clamp the catch-hook farther from or closer to the fulcrum of the latter,

according to the nature and manner of biting of the fish for which the

bait is set, more force being required to release the catch-hook when it

is clamped far from the fulcrum thamwhen it is clamped near to it. The

spring-catch F consists of a strip of spring metal forming an eye, F',

at its inner doubled end, which slides upon rod D. The ends are held

together by a small set-screw, G, while its outer ends form wings /,

which clasp the shank of the hook C, when inserted, in such a manner

that by a slight pull it may be drawn out of the said clamp. As the

fish takes the. bail and pulls upon the bait-hook A, this in turn pulling

upon the enlargement B of the upper hook, 0, will tilt this upon its

fulcrum in the eye d, so as to release it from the spring-clamp F on rod

D, thereby, by the leverage between the points b and d, throwing the

upper hook downward with considerable force, causing its barbed point

to penetrate the body of the fish caught on the bait-hook, so that it

will be impossible for the catch to escape.

CLAIM.

"The combination, in a fish-hook of the described class, of the spring-

clamp F, forming eye F', and clamping-wings /, having set-screws U
and sliding adjustably upon rod D, with the catch-hook hinged to

the end of rod D, and having bait-hook A hinged near its fulcrum, as

and for the purpose shown and set forth."

No. 310118.

(William C. Bower, Union Springs, Ala.; patented December 30, 1884; fish-hook.

See Plate XXIV.)

To prevent the fish from swallowing the hook, this is provided with a

lateral branch arm which may be formed of the same piece of wire as

the hook, and by a return or bend of the same.

CLAIM.

" A fish-hook provided with a rigid rearwardly-extending branch arm,

B, permanently attached at or near the upper termination of the lower

curve of the hook, and on the side opposite the barb a, and having a

free unattached end, as shown, as and for the purpose intended, sub-

stantially as described."
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No. 295369.

(Newton A. Dickinson, Chester, Conn.; patented Murch 18, 1884; trolling-hook. See

Plate XXV.)

A tapering stick has a socket in its lower end, into which the upper

screw-threaded end of the hook is secured, and has a reduced upper end,

forming a shoulder, upon which a cap of lead is placed, having an aperture

in its upper end, through which an eyed screw passes into the end of the

stick. The eyed screw holds the cap in place, and serves for the attach-

ment of the line. A spring rod or fender is secured at its upper end in

the side of the cap, and its lower end is near the end of the hook, serv-

ing to fend off any sea-weeds or the like which the hook may meet, while

it is sufficiently elastic not to interfere with the catching of the fish that

may bite the hook.

CLAIM.

" The combination of a tapering stick having its upper portion re-

duced to form a shoulder, and having screw-threaded sockets in the

ends of the same, a hook having a screw-threaded shank inserted into

the lower end of the stick, a cap of heavy metal fitting over the reduced

end of the stick, an eyed screw fitting into the upper end of the stick

and holding the cap in place, and a flexible or elastic rod or fender fast-

ened into the side of the cap and extending down to near the point of

the hook, as and for the purpose shown and set forth."

No. 253308.

(Karl Mtiller, Hornberg, Baden, Germany; patented February 7, 1882; bait-hook.

See Plate XXVI.)

The bait-hook is inclosed within a fish-shaped casing made of two

sections. One section is provided, at that part which represents the

head of the fish, with helically-bent wings, the other at the correspond-

ing end with a lug which fits into an eye of the head of the section.

The edges of the shell can be sprung together. At the interior of the

casing is mechanism for throwing forward the catching-hooks applied

to a base-plate. The base-plate is retained at its rear end on one sec-

tion by a retaining strip at the tail of the same, while the front end is se-

cured by a pin and by a latch piece. To the plate are further attached

two guide-brackets, by which a rod is guided. This rod is provided with

two fixed cones, one near the rear end of the rod, the other near the

front end, back of the head of the shell. Between the front cone and a

collar attached to the base-plate is interposed a spiral spring, which

bears upon the front cone, and which tends to throw the rod in the di-

rection of the arrow shown in Fig. 2. The spring-pressed rod is locked

by a recessed latch-piece that is retained at the front end of the rod by

a spring, and by a forked rod, and a fulcrumed lever. The latch -piece

may be so moved as to clear the rod by pressure upon the rod w and
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lever ,r, which are extended beyond the shell at opposite sides of the

head. When the pressure on the rod w and lever is released and rod I

"withdrawn the latch o again retains the rod I. Guide-brackets serve

also for the purpose of applying thereto a number of hooks which ex-

tend radially from the grooved cone t of each bracket, the ball-shaped

inner ends of the hooks being retained in the grooves of the cones t by
collars v. The casing is provided with slits for the free outward pass-

age of the hooks when the actuating mechanism is released. The hooks

are thrown outward by the cones m as soon as the latch o is released

from the rod and permits the forward motion of the same. The bait

hook is operated in the following manner: A silver string is attached

by means of the hole n to the front end of the base-plate g, and then

passed through the two holes u at the head of the section a, being then

connected with a common string, by which the bait is drawn through

the water. The fish tries to bite at the head. This causes the pushing

in of the parts w x by the force of the bite, and consequently the release

of the latch o and of the rod /, which is instantly thrown forward, so

that the cones m spread the hooks i, which pass through the outside of

the shell into the mouth of the fish and hold it in such a manner that a

release of the same is impossible.

CLAIMS.

"1. In a bait-hook, the combination of a fish-shaped shell, having

helically-bent fins back of the head and longitudinal slits in the body
thereof, with outwardly-swinging hooks, a spring-actuated mechanism
for throwing out the hooks, and a latch mechanism projecting through

the head of the shell, whereby the hook actuating mechanism is locked

or released, substantially as set forth.

"2. In a bait-hook, the combination of the longitudinally -guided rod

/, having fixed cones m and spring p, with the outwardly-swinging hooks
?', hinged to the brackets k, substantially as set forth.

"3. In a bait-hook, the combination of the outwardly-swinging hooks

% and guided slide-rod I with a recessed locking-latch, o, spring o', forked

rod w, and fulcruined levers, substantially as specified.

"4. In a bait-hook, the combination of the guide-brackets k, having

each a grooved cone, t, with hooks i, retaining-collars v, shell a &, hav-

slits %' for the hooks ?', and means for operating the hooks, substantially

as set forth."

No. 256843.

(William T. J. Lowe, Buffalo, N. Y.
;
patented April 2."), 1£82; spoon-bait, lor lisliinff.

Patented in Canada January 28, 1882. See Plato NXVII.)

The invention relates to that class of spoonbait in which the lower

portion of (he spoon is adjustably held out from the rod upon which it

revolves. Heretofore spoons have been made with \J -shaped guides
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rigidly secured thereto and embracing the rod upon which the spoon
revolves, and having spiral springs surrounding the guide between the

spoon and rod. In such construction the U"sliaPed guide, which pro-

jects from the rod, is apt to catch upon the side of the boat or elsewhere

and become bent or broken. Again, spoons have been made with a

wire secured at the botton of the spoon and extending in a curve down-
ward to the rod, and there loosely secured by an eye in the end of the

wire. This form of spoon-bait, like the other just described, is liable to

catch upon objects with which it comes in contact. To avoid the dif-

ficulty, the spoon is provided with a wire spring, located near the top,

or where the spoon is loosely secured to the rod upon which it revolves.

The spring is provided at a point near the spoon with one or more spiral

turns to give it the proper degree of elasticity. By locating the spring

at the upper end of the spoon it is entirely protected by the spoon from

being torn away or damaged.

CLAIM.

" The combination, with the rod a and the spoon d provided with the

eye d', of the spring e, having the spiral turn or turns e2
, and the eye c3

,

the spring e being located near the top of the spoon and being rigidly at-

tached to the spoon at one end, and working loosely upon the rod a at

the other end, substantially as shown and described."

No. 261194.

(Lewis C. Wylly, Patterson, Ga.
;
patented July 18, 1882; troll ing-spoon. See Plate

XXVIII.)

This invention relates to that class of baits or decoys, used by fisher-

men, known as " spinning baits " and trolling-spoons." Ordinarily spin-

ners have had the hooks upon which the fish are caught arranged at

some distance from the spinning spoon. Here the hooks are placed

directly upon the spoon, which is screw or scroll-shaped, or auger-

curved, and of a single piece of metal tapering at the ends, with the

barbs above the lower end. A shackle-link is fastened at its lower ends

directly to the upper end of the spoon and receives a swivel to which

the line is attached.

CLAIMS.

il 1. In trolling baits, the spinner A, consisting of a single piece of

metal of elongated screw form, and having taper or convex ends, sub

stantially as and for the purpose set forth.

" 2. The elongated screw spinner A, having hooks B rigidly secured to

the faces of said screw at equidistant intervals, substantially as and for

the purpose set forth."
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No. 267203.

(Lysauder S. Hill, Grand Rapids, Mich.; patented November 7, 1882; spoon-bait.

See Plate XXIX.)

A wire has a loop upon its upper end for the attachment of the

swivel or the line and a loop upon its lower end for the attachment of

the hook. The inner ends of these loops form stops to limit the move-

ment of the spoou in its vertical play upon the wire. The upper end

of the spoon is provided with a loop, which serves as a means of attach-

ment to the wire at this point, and below this upper end there is hinged

to the spoon a rod, which has a loop formed on its outer end to catch

over the wire and an g-shaped stop on its inner end to strike against

the spoon, and thus prevent the spoon from dropping too low. This

rod being pivoted to the wire, any pressure upon the lower end of tfle

spoon will cause it to close inward toward the wire and then rise up-

ward, and as soon as the pressure is released the spoon at once drops

downward and outward at its lower end. The weight of the spoon is

made to operate it entirely, and thus springs are dispensed with.

CLAIM.

"The combination of the wire A, the spoon D sliding thereon, and a

hinged connecting-rod, I, having the stops O formed on its outer ends

for striking against the spoon, substantially as shown."

No. 273996.

(Christopher Hymers, Saint Louis, Mo.; patented March 13, 1883; self-adjusting fish-

shaped fish-hook holder. See Plate XXX.)

This invention is, in some respects, an improvement on the invention

described in a patent granted to this inventor January 4, 1881, No.

236161, the hook being held between similar expanding jaws. There

is, however, in addition, a safety-hook that may be used to prevent the

opening of the jaws by the impingement of the fish's head against the

hook when used in trolling. The jaws in this improvement are pushed

into their conical socket and held therein by a spiral spring in place of

a. cam, as before. A spoon is provided, having its body slit transversely

and the slit portions bent out in opposite directions to form bands,

adapting the spoon to be slipped on and off the bait without disturbing

the hook.

CLAIMS.

u
l. The combination of the gripping-jaws I, link L, knob M, and

spring O, forcing the jaws into a tapering socket of the metal fish F.

"2. The combination of the parts I, L, M, O, and fish F of the safety-

hook P, substantially as and for the purpose set forth.

"3. The spoon S, having bands s, adapted to be applied to fish-hook

body F, as set forth."
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No. 276055.

(William T. J. Lowe, Buffalo, N. Y.
;
patented April 17, 1883; spoon-bait for fishing.

See Plate XXXI.)

The invention relates more particularly to certain improvements in

spoon-bait for fishing for which a patent was granted this inventor

April 25, 1882, No. 256843. It is found in practice that the spoon

arranged as shown and described in the above-named patent is liable,

in rapid trolling, or when the spoon is drawn through the water against

a strong current, to spread too far for advantageous results, and remain

so until the wire spring is bent into shape again by hand. This is said

to be a serious objection to the perfect working of the spoon-bait, and

the object of the present invention is to overcome this difficulty. To

this end, to the spoon-bait of the previous patent is applied a link

loosely pivoted at both ends, which connects the spoon with the rod or

wire upon which it revolves in such a manner as to limit its outward

movement without disturbing in any degree its free revolution in the

water.

CLAIMS.

" 1. In a spoon-bait for fishing, in combination, the spoon d, provided

with the eye d' at its upper end, and the loop or bend/ upon its inner

surface, the spring e, located near the top of the spoon, as shown, and

provided with the eye e
3
, and a connecting-link loosely pivoted at one

end in the loop or bend/, and loosely encircling at its other end the

outer portion of the spring e, as and for the purpose stated.

" 2. In combination, the rod or wire <x, the spoon d, provided with the

eye d' at its upper end, and the spring loop or bend/ upon its inner

surface, the spring provided with the eye e
3
, and connecting-link g,

having the eye #', as and for the purpose stated."

No. 281083.

(Louis Kessler, Ludington, Mich.; patented July 10, 1883; fishing apparatus. See

Plate XXXII.)

In the usual construction of spoon-bait, the forward end of the spoon

is rigid with or hinged to the rotating sleeve, allowing it to yield to a

certain degree to the pressure from forward as it is drawn through the

water, but still causing it to offer a large amount of resistance, and con-

sequently present a severe strain upon the line, especially if drawn

with considerable speed. To avoid this the spoon is attached to the

ends of coiled springs fastened to the rotating sleeve, at the center of

the inner concave side of the spoon, allowing it to tilt away from the

sleeve when drawn speedily through the water, and thus causing it to

1 »resent only its point, as shown in dotted lines in Fig. 2, and so offer

less resistance.
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CLAIM.

" In a spoon-hook, the rotating spoon-shaped shield fastened at the

center of its inner concave side to the outer ends of coiled springs

fastened to the side of the rotary sleeve, as and for the purpose shown

and set forth."

No. 289508.

(Arteraas Lord Dawson, Elk Point, Dak., assignor one-half to Charles Howard Free-

man, of same plac«
;
patented December 4, 1883 ; fish-hook. Sec Plates XXXIII and

XXXIV.)

The hooks are detachably secured in place within grooves in the

shaft, and a spoon of peculiar construction may be used, in connection

with the hook device, for trolling. The shaft has an enlargement at its

lower end which is provided with longitudinal grooves at its sides,

which open into cross-grooves provided at its top. The shanks of the

hooks are laid into the longitudinal grooves, with their upper ends pro-

jecting sufficiently beyond the enlargement of the shaft, the points of

the hooks being turned outward, and the projecting ends of the shank

are then bent down into the cross-grooves, forming a catch securely to

hold the hook against a downward pull. A thimble, fitting the enlarge-

ment, is then pushed down upon the same, and is held in place firmly

by a screw-nut, the shaft being threaded just above the enlargement

for the purpose. At the end of the shank there is an eye for the attach-

ment of the line. The hook may be used thus, but for trolling a spoon

or spoon-bait is attached. To permit the ready attachment or detach-

ment of the spoon, the shaft is provided between its enlargement and

the eye with an annular projection or collar, and the spoon has a spring

wire loop, which is passed over the shaft between the collar and the

eye, then with its legs along lateral grooves or recesses in a projection

at the upper end of the spoon, and downward from its concave face,

and then has its bent ends sprang into holes in the spoon. Below these

holes is the attachment of a spring which extends toward the lower end

of the spoon on the concave side, has its end bent upward, projecting

through a hole in the spoon, and bears against a hinged fin on the con-

vex surface of the spoon. The fin causes the spoon to revolve in the

shaft of the hook as it is drawn through the water, and while the spring

holds it out in proper extension it permits the hinged fin to be pressed

against the body of the spoon when desirable, as in withdrawing the

spoon from the mouth of a fish. For trolling, feathers may be secured

upon the thimble.

CLAIMS.

" 1. In combination with the shall A, provided with grooves, and
with the screw-threads s, fish-hooks B, fitting within the said grooves.
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and thimble C, to incase the said shaft and hooks, and the nnt t, work-

ing on the said screw-threads, as and for the purpose described.

" 2. In a device for fishing, a spoon provided with a fin secured by

its edge to one face of the spoon, at an angle to the axial line thereof,

whereby a progressive motion of the spoon through the water causes it

to rotate, substantially as described.

" 3. In combination with a shaft or holder for the hooks, the trolliug-

spoon D, provided with a projection, r, or similar device, and the spring

o, to embrace the shaft or holder A and the said projection, having its

ends detachably secured to the said spoon, substantially as described.

" 4. In combination with a trolling-spoou, the fin E, hinged at one

edge to one face of the spoon, at an angle with the axial line of the

same, and a spring to hold the said fin at an angle with the face of the

spoon when acted against by the water, substantially as described.

" 5. In combination with a trolling-spoon, D, fin E, hinged in an

oblique position to one face of the said spoon, spring m, secured to the

opposite face and passing through an opening in the said spoon, to

maintain the fin at an angle to the spoon in opposition to the passage

of the water, and mechanism for connecting the said spoon to the shaft

or holder for the hooks, substantially as described."

No. 295350.

(William Dudley Chapman, Theresa, N. Y.
;
patented March 18, 1884; artificial fish-

bait. See Plate XXXV.)

This invention relates to revolving metallic bait used in trolling for

fish, or so-called "minnow-propellers;" and it consists in an improve-

ment upon the minnow-propeller, for which a patent was granted this

inventor July 5, 1870, No. 104930. Two corresponding plates of silver-

plated or nickel-plated sheet metal are cut of the shape shown in the

drawings, each plate being gradually enlarged toward its rear end,

where it is provided with a series of notches. At their upper reduced

ends these plates are fastened upon a small metallic tube. They are

then bent around said tube in opposite directions, and again fastened

to it near its lower end. An open space is left on opposite sides of

the central rod or tube, whereas in the minnow propeller shown and
described in patent No. 1 049.30 the contiguous concave faces of the two
plates are secured together the greater portion of their length. By the

improved construction not only is the resistance of the water reduced

when the device is used for trolling, inasmuch as the water will pass

between the central tubular rod and the openings or water-ways on

both sides of the same, but the device will revolve with greater speed

and regularity than the old one, without reducing its strength or in-

creasing the cost of manufacture. That part of the tubular stem which

is between the points of attachment of the plates is wrapped with foil,

which is held in place by silk cord of variegated colors, or fine wire
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twisted spirally around the tube. This adds to the attractiveness of

the bait without materially increasing its cost. The lock-snood is of

ordinary construction, and upon its central portion the tubular stem D
rotates.

CLAIMS.

" 1. TJie artificial trolling-bait, composed of the central tube D, the

curved plates A B, of gradually-increasing width toward their lower

ends, having the notches 0, and fastened to the central tube at the

points E and F, whereby open spaces G arc left on opposite sides of

the tube, between it and the contiguous edges of tbe plates, and the

lock-snood C, inserted through the tube, all constructed and combined

substantially as and for the purpose set forth.

"2. The artificial trolling-bait, composed of the central tube D, hav-

ing a foil envelope or wrapping, H, held in place by cords or a fine wire,

I, the curved plates A B, of gradually-increasing width toward their

lower ends, having the notches C, and fastened to the central tube at

the points E and E, whereby open spaces G are left on opposite sides

of tbe tube, between it and the contiguous edges of the plate, and the

lock-snood C inserted through the tube, all constructed and combined

substantially as and for the purpose set forth."

No. 295758.

(Charles B. Hibbard, Grand Rapids, Mich.
;
patented March 25, 1884 ; spoon-bait.

See Plate XXXVI.)

The invention relates to spoon-baits of the class wherein the spoon

is attached to a supporting-wire by a yielding connection which per-

mits the spoon to be moved inward, and, when the pressure is released,

to return to its ordinary position. The object is to simplify the con-

struction of the connecting devices, and also to locate them so that

they will not interfere with the action of the spoon or with the line.

The spoon has at its forward end an eye which slides upon the rod, and

is limited in its motion by the inner end of the loop. Upon the spoon

is soldered a spring composed of a length of wire bent to form a double

spring and having its bent portion formed into a loop. Between the

parallel sides of the spring is soldered a scop, the free end of which is

curved outward and then down. The spring is connected to the wire

by an arm or lever, having at one end an eye which slides upon the

rod, and at the other end a curved loop, which is illustrated in detail

in Fig. 2. The straight portion of the lever passes between the paral-

lel sides of the spring, and is then curved around and under the spring,

the lower portion of the loop fitting into the space left by forming the

curve in the end of the stop. The spoon may now revolve on the wire

;in<l slide freely back and forth thereon. At the same time Hie spoon

may 1m; pressed inward, which will cause the loop on Hie end of the
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lever to work under the spring and slightly raise the same, the stop

limiting such motion at the proper point. When the pressure is released

the return of the spring forces the loop outward, and thereby changes

the relative position of the spoon and its supporting- wire, until these

parts assume their first position.

The inventor says

:

"I am aware that spring connections between the spoon and its sup-

porting wires are not new, and I do not make any claim, broadly, to

such construction, my claims being limited to the improvement in

details which I have invented."

CLAIMS.

" 1. The combination of the wire A, the spoon C, the spring D, secured

to the spoon, and the independent lever F, connected to the spring at

one end, as described; and at the other to the wire A.

"2. The combination, with the wire A and sliding lever F, of the

sliding revolving spoon C, having the doubled spring-rod D and stop

E, substantially as described."

No. 271424.

(Harry Conistook, Fulton, N. Y.
;
patented January 30, 1883 ; artificial bait. See

Plate XXXVII.)

An artificial fish or insect is provided with fins or wings, each of which
is capable of independent and substantially axial rotation, so that as

the bait is drawn through the water its fins or wings will, by their free

and rapid rotation, give a highly animated appearance to the object.

CLAIMS.

" ]. An artificial bait for fishing, consisting of an artificial fish or in-

sect having independently rotating fins or wings, substantially as de-

scribed.

" 2. An artificial fish or insect having fins or wings supported to turn

upon the arms of a rod extending out from the sides of the insect or fish,

substantially as described.

"3. An artificial fish or insect provided with a rod passing trans-

versely through its body, and having its projecting ends bent back with
fins or wings fitted to turn upon said arms, substantially as described.

" 4. The combination, with a rod to which the line and hook are con-

nected, of an artificial fish or insect fitted to turn on said rod, and pro-

vided with swinging and independently rotary fins or wings, substan-

tially as described."
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No. 272317.

(Ernest F. Pflueger, Akron, Ohio; patented February 13,1883; artificial fish-bait.

See Plate XXXVIII.)

Coats the showy or attractive parts of artificial bait with a substance

which will be hfminous in the dark. This substance may bo applied

upon the outside, or upon Hie inner surface when the bait is hollow and

of glass.

The material used is in the form of a paint, and may be either self-

luminous, as phosphoric compounds, or luminous " by an inherent re-

tentive power, whereby alter having been exposed to light it remains

luminous for hours afterward." The substance preferred is a paint com-

posed of sulphide of calcium and a drying oil or varnish.

A bait thus made can be used as any ordinary bait in the daylight,

and at night, or in the shaded and darker places in the water, it becomes

luminous and affords a bright object to attract the fish.

The inventor says :

" I am aware that lamps, lanterns, and luminous objects have been

employed as decoys to entice fish into nets and to bait."

CLAIM.

"As a new article of manufacture, an artificial fish -bait, coated with a

substance which is luminous in the darkness and having one or more

fish-hooks attached thereto, substantially as aud for the purpose spec-

ified."

No. 284056.

(Ernest F. Pflueger, Akron, Ohio; patented August 28, 1883; artificial fish-bait. See

Plate XXXIX.)

The bait is hollow, and of malleable glass. On the upper half of the

interior surface is deposited silver or gold liquid, to produce a highly

reflective appearance. The lower half of the interior surface is coated

with any suitable luminous composition, either self-luminous, as phos-

phorous compositions, or " luminous by an inherent retentive power."

The substance named is a paint composed of sulphide of calcium and a

drying oil or varnish. Longitudinally through the bait is passed a

snood, to which the hook is attached. The hook and snood are held in

position, and the interior coated surface of the bait is protected, by a

Idling of cement, or other suitable material, which also gives to the bait

the proper weight or buoyancy.

The inventor says

:

" I do not wish to lay claim, broadly, to the idea of a luminous fish-

bait, as that has already been secured to me by letters patent No.

272317."



[33] PATENTS ISSUED RELATING TO FISH AND FISHERIES. 1007

CLAIM.

" As a new article of manufacture, an artificial fish-bait, composed of

hollow glass, having' the upper half of its interior surface coated with

silver or gold fluid to produce a highly reflective surface, the lower half

of the interior surface coated with a luminous eompound or paint, and

a centrally arranged hook-snood, the whole protected by a tilling of

cement or other suitable material, substantially as and for the purposes

set forth."

No. 289612.

(Carl L. Bollerman, New York*, N. Y.
;
patented December 4, 1883 ; rotary leader

link for fishing lines. See Plate XL.)

The invention relates to that class of fishiug lines generally termed
" hand-lines," in which there is a weight at the end which goes into the

water, and above the weight twoor more knots, which are made to receive

the snells carrying the hooks. The laud end of the line is secured to the

person of the fisherman, or to the bank or boat on which he may be.

The fisherman throws the leaded end of the line out in the stream,

where it sinks to the bottom, leaving the snells with their hooks at

varying distances from the ground and from the lead. In throwing out

the line the latter receives a greater or less number of turns, whereby

the snells become wrapped about or tangled up with the line ; and it is

the object of the invention to produce a hand-line not open to this ob-

jection.

C represents a fishing line, which has been cut at two points, and

between the cut ends are rods AA. On each rod is a loose tube, D,

having at right angles thereto a fastening, B, which is rigidly attached.

This fastening is a wire, coiled about the tube, one of its ends being bent

to form a hook for convenient attachment and detachment of the snell F.

At each end of the rod is an eye, to which the cut ends of the line are

attached. A coil is made on the inside of each eye, and against this

is a bead, II, with which the tube comes in frictional contact when the

line turns. By this mea.ns the snells F will always assume the position

shown in the drawing when the lead has reached the bottom, thus avoid-

ing the usual tangle.

The inventor says

:

" I am aware that it is not broadly new to apply a rotatable sleeve

or cylinder to a rod having an eye to adapt it for attachment to a line.

For example, patent No. 271424 illustrates a trolling or spoon bait, in

which the body of the bait represents a fish or insect, and is applied

eccentrically to a rod, around which it is free to rotate. Nor is it novel

to reduce friction by means of beads of glass or other equally service-

able material,"
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CLAIM.

" The improved attachment for fishing lines, consisting of the rod A,

having a loop and coil at each end, the beads H, placed in contact

with said coils, the tube D, made concentric with said rod, around

which it is free to rotate, the fastening E, applied to the tube, and the

snell F, secured to said fastening, all" as shown and described, to oper-

ate as specified."

No. 258393.

(Frauds Endicott, Clifton, N. Y., assignor to Charles F. Iiubrie, New York, N. Y.
;

patented May 23, 1882 ; fly-book. See Plate XLI.

)

This invention relates to books used for carrying fishing flies and

snelled hooks, and is to prevent the flies from becoming tangled, and

to permit their convenient insertion and removal. At the top or bottom

of each leaf are attached metal clips, and at the opposite end of the

leaf are retainers. These are spiral springs attached at one end by a

thread sewed into the material of the leaf, and formed at the other end

with an eye for attachment of the snell. A thread, preferably of silk-

worm gut, passes through each spring to a point below it and through

the leaf to and through the spring on the opposite side. This holds

the springs in place when the flies are detached, and at the same time

allows the springs to stretch. At the edges of the leaves a re-enforcing

strip of metal is secured between the two sheets to protect the edges

and stiffen the book. The clips and retaining springs may be alternated

on each end of the leaf, and intermediate retainers applied for shorter

snells.

CLAIM.

" In fly-books, the threads d, in combination with retainers b, as and

for the purpose described."

No. 275703.

(Henry F. Price, Brooklyn, N. Y.
;
patented April, 10, 1883 j tishing-tacklo ease. See

Plate XLII.)

A box is divided by a horizontal partition longitudinally into two

compartments, each compartment being provided with a separate lid.

The compartment shown in fig. 1 has near each end a rigid transverse

strip of less depth than the compartment to retain in place a strip of

cork placed just outside of it. At the center of the inside of the com-

partment is a shallow well, its top flush with the inside of the case. The

well is of sufficient depth to contain coiled lines, leaders, &c, which are

held in place by two strips or guards which cross the top. The points

of the hooks are stuck into the cork strips, and the snells to which the
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hooka are attached are passed from each end under the well, little up-

rights or strips there serving to separate them and keep them in place.

The other compartment may be divided in any desirable manner, as

shown in Fig. 2.

CLAIM.

" A fishing-tackle case consisting of two compartments having a sin-

gle partition adapted to serve as the bottom of both, and provided with

the partitions a, cork strips b, and well c, substantially as shown and

described."

No. 294888.

(Chancellor G. Levison, Brooklyn, N. Y.
;
patented March 11, 1884; fishing lly-book.

See Plate XLIII.)

Fly-books, as commonly made, are provided at one end of the leaves

with fixed hooks or clips, into which the fly-hooks are hooked, and at

the other end of the leaves with spring- retainers, which are provided

with hooks, on which -the loops at the end of the snells are secured.

These retainers are elastic, so that they will hold the snells stretched

taut, and they usually are formed by rubber bands or spiral springs of

light wire. To hold the retainers in position and prevent them from

becoming entangled when not holding snells separate eye-guides, one

for each retainer, are provided, and through these the retainers, free

to move lengthwise thereon, severally pass. Two forms of eye-guides

are shown. The eye-guides for the spiral-spring retainers consist each

of a short tube. Those for the india-rubber retainers consist of rings,

and two eye-guides, which are coincident with each other on opposite

sides of the leaf, are formed of a single piece of tube or of a single ring,

which is flattened slightly and inserted through a slot in the leaf as in

Figs. 2 and 3. The single tube or ring thus applied, serves as an eye-

guide for two retainers, one on each side of the leaf, and is held in

place by the retainers passing through it. At the other end of the book,

corresponding hooks or clips on opposite sides of the leaf are secured

by a siugle rivet. To get, without lengthening the book, a retainer ca-

pable of considerable elongation, at the left hand of Fig. 1 is shown a

spiral-spring, attached at one end to the leaf and at the other to a cord

which passes around a pully, and has at its free end a hook. When
the looped end of a snell is attached to the hook the spring will be elon-

gated in a doAvnward direction, while the cord will be drawn upward.

Eye-guides may be applied both to the spring and attached cord. The
pulleys are attached to the leaf by a wire inserted through the leaf, then

bent up into U"suaPe ? an^ then turned outward at a right angle, the

portions of the wire thus projecting laterally from the leaf on opposite

sides serving as the journals for two pulleys, one on each side of the

leaf, and the ends of the wire being then turned down to prevent the

pulleys from coming oil' the journals.

S. Mis. 70 64
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CLAIMS.

" 1. The combination, with the leaf of a fly-book having hooks or

clips at one end and elastic or spring retainers at the other end, of eye-

guides for the several retainers, each attached to the leaf and receiv-

ing a retainer through it, substantially as herein described.

u 2. The combination, with the leaf, of elastic or spring retainers on

opposite sides thereof, and an eye-guide consisting of a tube or ring

inserted through the leaf and receiving the two said retainers through

its portions which are presented on opposite sides of the leaf, substan-

tially as herein described.

"3. The combination, with the leaf A, having hooks or clips a at one

end of retainers, each consisting of the spring D and attached cord D2
,

and a pulley,/, around which said cord passes, substantially as herein

described."

No. 252628.

(Sylvester E. Smith, S;iiut Louis, Mo.; patented January 24, 1882; combined sinker

aud fish-hook holder. See Plate XLIV.)

The shank of the hook is inserted into a tubular recess in the fish-

shaped holder or siuker, one part of the recess being formed by a cam,

which, when turned, firmly gripes and holds the hook-shank. The line

is attached to the center of the holder, so that the holder and hook will

assume a horizontal position.

CLAIMS.

kk 1. A sinker for fishing lines, formed in imitation of a fish ami pro

vided with a holding device for the fish-hook, as described, and for the

purpose set forth.

"2. A fish hook holder formed with a tubular recess, Z>, in combina-

tion with the cam B, all arranged as herein described, aud for the pur-

pose set forth.

"3. A sinker for fishing lines, provided with a device for holding the

fish-hook and an eye, c', located as described, lor the attachment of the

line, as described, and for the purpose set forth."

No. 279206.

(Henry Van Altena, Milwaukee, Wis.; patented June 12, 1883; fishing-tackle. See

Plate XLV.)

The object is readily to attach hooks and sinkers to the lines. The

description is exceedingly crude and inartificial, but the following, based

principally upon the drawing, would seem to describe the invention ex-

actly.

A rod or wire is bent upon itself at its ends to form loops, and in such

manner that a short shank will project beyond the loop along the body
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of the wire. The wire is elastic, and so the shank tends to spring- away
from the body of the wire and open the loop. In this condition the loop

is ready for attachment or detachment of the line or of snells or hooks.

To close a loop and retain it so, the shank is pressed against the body
and an annular piece of metal on the body is slid over it. The annular

piece of metal serves as a sinker and may be a piece of spirally eoiled

wire. If two hooks are directly attached, their points may be kept in

opposite directions by means of the loop.

CLAIMS.

" 1. The combination of the rod A, provided with loops (J, with

sliding sinkers adapted to retain the loops in a closed position, sub-

stantially as set forth.

" 2. The combination, with the rod A, of spiral-wire sinkers adapted
to retain the loops at its respective ends in a closed position, as shown.

" o. The combination of the line E, rod A, sinkers B, cord F, and hook
D, substantially as shown."

No. 285075.

(HaleRix, San Francisco, Cal.
;
patented September 18, 1883; sinker fornshing tackle.

See Plate XLVI.)

A sinker for use in connection with a line empkryed for fishing par-

poses, and commonly designated as a "hand line" or "lead-line," in

contradistinction to such lines as are used with a rod.

In Ashing, it is said, with an ordinary sinker (made usually of lead cast

in conical form, with an opening near the apex for the attachment of

the line) great inconvenience lias been experienced, owing to the fouling

oft lie sinker with rocky obstructions upon the bottom of the fishing

ground, such fouling frequently resulting in the parting of the line, and
loss of the sinker; and the object of this invention is to avoid these

difficulties and provide a sinker which may be easily and quickly dis-

engaged from any cramped or wedged position among rocks or other

obstructions upon the bottom of the sea or fishing ground.

To this end the sinker is made of cylindrical form with sernispherieal

ends, and has side rods, upon each of which travels a ring to which the

line is attached. The rods of wire extend a short distance from the

sides of the sinker and lengthwise thereof up to a short distance from

each end. These rods form travelers for metal rings which slide on them,

and to the rings is attached a bifurcated cord or line. Should the sinker

while in use meet with any obstruction, a steady pull upon the line con-

verts the sinker into a lever of the second class (in the specification it

is said to be of the third) and causes it to move or fulcrum upon that

end nearest the line, and as the strain continues or increases the sinker

assumes a vertical position and the rings slide upward niton the guide
rods, throwing the sinker over and releasing it.
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CLAIM.

" A sinker or plummet for fishing-tackle consisting of a cylindrical

body, A, having rounded ends and projecting guide-rods, B B, extend-

ing lengthwise of the body and adapted to carry the rings or loops D D,

to which the line is attached, substantially as shown aud set forth."

No. 286188.

(Daniel Erickson, Chicago, 111.
;
patented October 9, 1883 ; sinker for fish nets. Sec

Plate XLVII.)

Heretofore, it is said, sinkers had either been formed of certain pre-

determined lengths and tubular, their only method of attachment to

the lines or nets being to string them thereon before knotting the line

to the net, or by splitting shot and then placing them on and pinching

the open edges over the line. In each of these constructions fishermen

are confined to the use of such sizes of sinkers only as are to be found

in the market.

In the present case cylindrical sinkers are formed with a deep longitu-

dinal groove enlarged at its bottom, into which the line is laid and there

seeured by contracting the outer edges of the groove, and the sinker-

lead is drawn or rolled in continuous rods that can be sold in coils or

by the yard, and can be cut off by the fishermen to form sinkers of va-

rious lengths and suitable weights as they may require them on differ-

ent nets.

CLAIM.

" As a new artiele of manufacture, a sinker for fishing-nets, composed
of a cylindrical bar of lead provided with a slot, a, enlarged at its bot-

tom, as and for the purpose set. forth."

No. 261505.

(Oliver G. Wilson, Gallatin, Tenu.
;
patentedJuly 18, 1882; fishing-float. See Plato

XLVIII.)

The body of the float is of cork, wood, or other light material, and
has a central opening extending longitudinally through it. The float

stem of hard wood or composition, aud either solid or in sections, is in-

serted into this opening with its ends projecting above and below the

body. Thread is wound around the tapered ends of the float-body

binding it firmly lo the stem and protecting the ends. In the ends of

the stem are longitudinal guide holes extending inward. From these

extend counter holes to the exterior of the stem. Between the guide

holes aud the body of the float are holes which extend diagonally

through the stem. The float is strung upon the line by the holes in

the stem. The friction of the line at the holes prevents the moving or

slipping of the float when the line is suddenly jerked. The line passes
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out of the flout at the upper end of the stem, which causes the float to

sit perpendicularly on the water, and prevents the wrapping or tang-

ling of the lino about the stem.

CLAIM.

" The combination, with the body a, of the stem b, provided at each

end with the stem-guide "holes d d' and friction -holes e e, substantially

as described, and for the purpose set forth."

No. 270358.

(Ralph. W. E. Aklrich, Northampton, Mass.; patented January 9, 1883; fishing-float.

See Plate XLIX.)

The float is made of a block of wood in form of a boat, and is from

:i foot to a foot and a half in length, and has a recess formed in it. In

this recess is a sheet-metal housing, in which is journaled the reel, on

which the line to which the fish-hook is attached is wound. The shaft

of the reel terminates at one end in or is provided at one end with a

crank for winding in the line, and for setting or locking the reel and

mast by means of rods attached to the deck of the float, as shown in

Fig. 3. The mast is attached to the float by springs. These springs

are fast to a metal socket in which the lower end of the mast is held,

and are placed upon a rod which is held in the upright plates which

are a part of a. plate secured to the float. The free ends of the

springs are of considerable length, and extend in rear of the rod and

rest in the plate, as shown in Fig. 2, and thus serve to hold the springs

so that they will lift the mast when released.

The sail is attached to the mast by rings which are attached respect-

ively to the boom and gaff, and is hoisted when the ma,st is lifted to

vertical position, by the cord j, which is attached to a ring and passes

through a block, and thence down to the stern of the float, where it is

made fast in an eye, as shown in Fig. 1.

In the keel of the float is a small hole immediately under the reel for

the passage of the baited hook and line, and in the stern of the float is

an eye for attaching to the float the anchor-line.

To prepare the float for fishing, the hook is first to be baited, then

passed through the hole a, and the length of line required drawn off

from the reel. The mast is then to be brought down to the deck of the

float, and the rod /<', passed at right angles over it and under the rod h,

and this rod h is then to be placed under the crank /of the reel, which

will cause the rods to hold the mast and reel. In this condition the

float is to be anchored out in the water and the hook dropped. The
mast and reel will remain in this locked condition until the line is dis-

turbed sufficiently by the biting of a fish to turn the reel, whereupon

the crank will be moved off from the rod h and set the reel and mast
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free, thus giving play-line to the fish and signaling the biting or catch-

ing of a fish.

In most cases the fisherman will provide himself with several of the

floats, and after anchoring them out in the water will await the hoist-

ing of a sail, upon which be will proceed to the float, pull in the fish

and rebait the hook and reset the float, and in most cases the bottom

of the floats will be painted green, so that when in the water they will

resemble the leaf of some water-plant and not frighten the fish.

CLAIMS.

"1. The combination, with the float A, of the spring-supported mast

B. reel C, and means, substantially as described, for locking the mast

and reel in the manner and for the purposes set forth.

"2. The automatic fishing-float, made substantially as herein shown

and described, consisting of the float A, spring-supported mast B, reel

0, sail D, and locking-rods It It', as and for the purposes set forth.

"3. The float A, formed with the recess E and hole a', in combina-

tion with the reel 0, housing d, and line a. substantially as shown and

described.

"4. The reel C, having the handle /, in combination with the rods

li It' and spring-supported mast B, substantially as and for the purposes

set forth.

" 5. The combination, with the spring-supported mast B, of the sail

D, block L, and coid /', made fast to the float, substantially as and for

the purposes set forth."'

No. 290154.

(Victor Vidal, jr., Pignans, Franco; patented December 11, 1883; fishing-float and

method of manufacturing the same. See Plate L.)

Avoids unnecessary waste of cork, by using slabs, plates, or small

pieces of cork from which is built a. float of* approximately the shape

required without cementing or otherwise gluing the several pieces,

plates, or slabs together, though this may be done if desired. When the

float is built up as described (which may done in a suitable matrix or

form) it is subjected to compression, and the pieces are tied together with

cord or wire; when so tied the pressure upon the float is removed. The

tics sink into the cork ami form grooves for the reception of the cord for

attaching the floats to the object to be buoyed. After the pressing the

float may be cat or turned into any shape desired.

CLAIMS.

" 1. The method of constructing floats for fishing-tackle a-nd utilizing

i cfiise cork, which consists in subjecting scraps or pieces of cork to

pressure, and tying, while subjected to pressure, to farm a practically

homogeneous mass, and finally shaping the float, as described.
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" 2. A float for fishing-tackle, composed of scraps or pieces of cork

having grooves c, in combination with the tie b, all arranged and con-

structed substantially as and for the purposes specified."

No. 252554.

(Julius Vora Hofe, Brooklyn, E. D., N. Y., assignor to himself and CharlesF. Imbrie,

New York, N. Y.
;
patented January 17, 1882 ; fishing-reel. See Plate LI.)

The object is to provide for adjustment of the bearings, so that wear

can be readily compensated, and to this end screw-pivots are provided.

The reel is sustained by pivot-screws tapped through the outer end-

plate and the cap-plate, and having conical ends entering recesses of

the same form in the ends of the axis, so that by turning the screws in

and out the reel can be positioned and adjusted. The arbor of the crank-

pinion has a bearing at one end in the inner end -plate, or the end-plate

adjacent to the cap-plate, and at the other end is sustained by a screw-

sleeve fitted in the cap-plate. The arbor lias a beveled portion within

the sleeve, and the sleeve is correspondingly beveled at its outer end,

so that by endwise adjustment of the sleeve the arbor is set to run

smoothly without endwise motion. An outer sleeve screwed on the first

sleeve- and against the cap-plate, serves as a set-nut and gives a finished

appearance. The pivot-screws for the reel are covered by screw-caps,

which serve as set-nuts and protect the projecting screws.

CLAIMS.

" 1. In a fishing-reel, the combination, with the frame a b, the cap

e, and the axis i, having conical recesses in its ends, of the pivot-screws

/*, having conical ends, and the caps m, screwed upon the said pivot-

screws, substantially as and for the purpose set forth.

" 2. In a fishing-reel, the combination, with the plates a c, and the

arbor e, having beveled portion 7c', of the sleeve fc, having its outer end

beveled, and the outer sleeve, £, substantially as and for the purpose

set forth."

No. 253090.

(Warren Ohaver and Taylor O'Bannon, Indianapolis, Ind., assignors to the American

Reel Compauy, of same place; pateuted January 31, 1882 ; fishmg-reel. See Plate

LII.)

The multiplying gear and an alarm-bell are inclosed in a cap on the

crank end of the fishing reel. A sleeve upon the outer plate of the cap

scives as the sole bearing of the crank-shaft, thereby allowing this

shaft to be in line with the spool-shaft without being directly connected

therewith. A large gear-wheel on the inner end of the crank-shaft

meshes with a small pinion fixed upon a counter-shaft upon, the other

end of which is a larger gear-wheel, which, in turn, meshes with a small

gear-wheel upon the spool-shaft. The multiplying gear increases the
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speed of the spool-shaft, and the object is rapidly to draw in the line when
catching game fish, such as, for example, black bass, which if they get

a slack line are apt to jump and break it. The bell is a small stationary

bell, and serves as an alarm to be sounded from the fish-line upon the

spool. The belbhammer is mounted upon a pivoted lever, which is

thrown back and forth by a sliding device. When this device is pushed
in, the point of the lever enters a notch which leaves the bell-hammer

relatively nearer the center of the bell. When the device is pulled out,

it throws the bell-hammer and its shank back toward the gear-wheel on

the counter- shaft, which meshes with the gear-wheel on the spool-shaft.

The gear-wheel on the counter-shaft has small studs upon its sides, and

the rear end of the shank of the bell-hammer when pulled out comes in

contact with the studs when the gear-wheel is turned, thus sounding

the hammer. As the wheels must be revolved when the lines are pulled

out, the pulling of a fish upon the line will sound the hammer. A spring

fastened to the inner plate of the cap acts as a brake. A pin upon the

spring passes through a hole in the plate, aud when not forced away
rests against the end of the spool, thus serving as a brake to retard the

progress of the spool, but the spring may be forced away by a sliding

wedge pushed in from the outside.

CLAIMS.

" 1 . The combination, in a fishing-reel, with the gear-wheels thereof,

one of which is mounted on the spool-shaft and another on the crank-

shaft without any direct connection between them, of a crank and a

crank-shaft, the latter of which is mounted in a single bearing directly

in line with the bearings of the spool-shaft, but entirely separated

therefrom, substantially as shown and specified.

"2. The combination, in a fishing-reel, with a bell, of a bell-hammer,

a lever which is adapted to throw said hammer into or out of operative

position, awheel, and studs on said wheel, which operate to vibrate the

bell-hammer when in operative position, and thereby ring the bell, all

substantially as set forth."

No. 254025.

(Louis A. Kiefer, Indianapolis, Ind.
;
patented February 21, 1882; reel-lock. See

Plate LIII.)

A metallic plate, curved to fit the rod, is secured thereto. The plate

is provided with a flat fixed button cut away on one side. The device

containing the locking mechanism to which the reel is to be attached

forms the base of the reel-frame. The said device consists of a metal-

lie block having a boss on its lower side, and provided with a circular

seat for the button of the metallic plate, the front portion of the boss

being cut away to permit the device to be passed over the button in a

longitudinal direction. The head of the button is of a diameter some-
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what less than the circular seat, so that the device may be turned easily

upon the button. A flat spring is secured at one end to the block. The

free end is provided with an angular plate, which rests when in a normal

position in the opening in the front or cut-away portion of the boss. A
transverse strip of metal is secured to the plate, by means of which it

can be manipulated to unlock the device. The operation of the device

is as follows

:

The block F is passed longitudinally backward over the button D,

the head entering the opening at the front of the boss, the plate K be-

ing automatically pressed upward and out of the way. When the block

F has been thus placed upon the button it is turned on the same at right

angles to its longitudinal position, when the straight side of the plate

K will engage the straight or cut-away side of the button and lock the

parts lirmly together. To remove the device the plate K is elevated by

means of the strip L, so as to clear the straight edge of the button,

and the block is then turned to its longitudinal position, when it can be

removed by sliding it longitudinally forward.

CLAIM.

"The combination, with the metallic plate provided with a button

cut away on one side, of the metallic block having a boss and recess,

the boss being cut away in front to permit the device to be passed over

the head of the button, and the spring and angular plate attached

thereto, and the transverse strip for operating the same, all constructed

and arranged substantially as and for the purposes specified."

No. 259935.

(Franklin R. Smith, Syracuse, N. Y., assignor of one-half to Willis S. Barnmn, of

safene place patented June 20, 1882; fisherman's reel. See Plates LIV and LV.)

This invention relates to improvements in that class of fishermen's

feels in which the spool is caused to automatically wind up the line by
the medium of spring-actuated gearings connected with said spool, and
has more particular reference to the reel for which a patent was granted

this inventor July 26, 1881, No. 244828. The invention consists, first,

in detachably connecting the line-spool with its actuating mechanism to

admit of readily interchanging spools provided with lines specially

adapted for the different species of fish to be caught ; secondly, in con-

necting the line-guide to the attachiug-arm eccentrically in relation to

the pivot of the spool, and having its free end extending across the

periphery of the spool, whereby it serves the additional function of a

brake for limiting the movement of the spool ; thirdly, in the construc-

tion' of the line-guide with a lateral inlet to the eye thereof for the in-

troduction and removal of the line to and from the said eye; fourthly, in

the combination, with the case inclosing the spring, of a plate secured to

the free edge ofthe case and provided with concentric gearing, said plate
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serving to close the case effectually to exclude dust and water from said

case and the inclosed spring, and also affording an additional axial

bearing for the case, and thus more effectually preventing lateral vibra-

tion of same; fifthly, in the combination, with the spool, of an attach-

ing-plate provided with a square or polygonal post, a collar fitted to

said post, and the spring connected to said collar, thereby facilitating

the attachment and removal of the spring.

CLAIMS.

" 1. In combination with the tubular post m, the stud «., provided with

a female-threaded socket at one end and with external screw-threads at

the opposite end, the interchangeable spool 8, provided with a screw-

threaded eye e, for the reception of the externally threaded end of the

stud a, and the attaching-screw fitted to the cavity in the opposite end
of the stud a, all as shown and described for the purpose set forth.

"2. In combination with the attaehing-plate A and the spool S, piv-

oted thereon as shown, the combined line guide and brake, consisting

of an arm, B, pivoted on the attaching plate in eccentric relation to

the pivot of the spool, and having its free end extended across the pe-

riphery of the spool and provided with an eye, i, the whole constructed

and operating to control the motiou of the spool and guide the line sub-

stantially as set forth.

" 3. In combination with the spool S, the line guide, having a guarded

lateral inlet, o, to the eye thereof, for the introduction and removal of

the line to and from said eye, substantially as set forth.

" 4. The combination with the pivoted spring case C, of the geared

plate K, rigidly attached to and closing the case, and provided with an

axail bearing, substantially as described, for the purpose specified.

" 5. In combination with the spool S and case C, the post m, having

inside of said case a square or polygonal form externally, the collar n,

fitted detachably to the exterior of said post, and the spring .9, connected

at its inner end to the collar n, substantially as and for the purpose

shown and set forth."

No. 260932.

(James B. D'A. Boultou, Jersey City, N. J., assignor to William Mills and Thomas
Bate Mills, New York, N. Y.

;
patented July 11, 1882 ; fishing-reel. See Plate LVI.

)

The invention consists in the combination with the spool and frame

of a reel, of a non-rotary internally-toothed stationary ring attached to

the frame of the reel, a spur-wheel upon the spool of the reel, and a

pinion engaging with said ring and wheel, to be revolved around the

wheel, and at the same time rotated on its axis by reason of its engage-

ment with the non-rotary ring, whereby a reel is provided in which the

handle and spool are moved in the same direct ion, the latter being

rotated at, a much (pucker speed than the former. The wheel, the pin-
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ion, and the internal gear are all in the same plane, and the pinion may
be pivoted on the inner side of the haudie-plate which covers the gear-

ing. With the spool is combined a stop which serves as a friction

brake or drag when required.

The inventor says

:

" I am aware that a reel has been heretofore made in which the rotary

motion is imparted to the spool by an outer rotary internal gear, to

which the handle is attached, and an intermediate wheel mounted on a

fixed pivot and engaging both with said internal gear and the wheel

upon the spool shaft or arbor. This reel I do not claim as of my in-

vention, and my reel differs from it in that my internal gear is fixed in-

stead of rotary, and my intermediate wheel, instead of being mounted

on a fixed pivot, is mounted on a movable pivot, so that it may be re-

volved around the wheel on the spool arbor or shaft, and at the same

time rotate on its pivot. The advantages resulting from this difference

in construction are various. In the old reel the multiplied rotations of

the spool are all transmitted through the rotation of the wheels on their

axes, and hence the friction of the gear-teeth is greater than in mine,

where one rotation of the spool is due to the revolving motiou of the

intermediate wheel around the wheel on the spool shaft or arbor. It is

necessary in a multiple reel that the handle should always be made to

turn toward the right, or 'in the right direction,' as it is termed, and

no fisherman would like to use a reel in which the handle was intended

to be turned toward the left. In my reel, when the handle is turned to

the right the spool will be turned in the same direction ; but if the

handle of the old reel be turned to the right the spool will be turned to

the left, or in a reverse direction, and the line, instead of being carried

to the under side of the spool, as in my reel, must be carried to the

upper side of the spool and several inches away from the rod. The
carrying of the line to the upper side of the spool and away from the

rod is a serious disadvantage, as the hand must hold the rod in advance

of the reel, and the line would make a considerable angle at the hand

or through an eye on the rod, and would be apt to cut the hand, or else

rapidly wear itself out in the eye. With my reel the line follows the

rod clear up to the reel and winds on the under side of the spool, and

any experienced fisherman will at once appreciate the desirability of a

construction which will admit of this."

CLAIMS.

" 1'. The combination, with the frame and spool of a reel, of a non-

rotary internally-toothed ring attached to the frame, a spur-wheel upon

the spool, and a pinion engaging with said ring and wheel and adapted

to be revolved around said wheel and between it and said ring and ro-

tated on its axis by engagement with said ring, substantially as and for

the purpose described.

" 2. The combination, with the frame and spool of a reel, of a non-rotary
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internally-toothed ring attached to the frame, a spur-wheel upon the

spool, a rotary-handle plate, and a pinion pivoted to the handle-plate

and engaging with said wheel and toothed ring and adapted to be re-

volved around said wheel, and at the same time rotated on its axis by
reason of its engagement with said ring, substantially as described.

" 3. The combination, with the spool of a multiplying-reel and a

handle geared therewith to rotate slower than said spool, of a ratchet-

wheel, a coiled spring having an attached pawl or tooth engaging with

said ratchet-wheel, and a friction-box containing said spring, the said

box, spring, pawl, and ratchet-wheel being interposed between said

spool and handle, and the whole being and operating substantially as

described.

" 4. The combination, with the spool of a multiplying reel, of a wheel

adapted to rotate therewith and having in it a friction-box, a ratchet-

wheel adapted to rotate in the same direction, but at slower speed than

said spool, and a spring coiled in said friction-box, and having at its

inner end a pawl or tooth for engaging with said ratchet-wheel, sub-

stantially as described."

No. 264092.

(George H. Matthews and John T. Ostell, Montreal, Quebec, Canada; patented Sep-

tember 12, 1882; fishing-reel. See Plate LVII.)

Upon the ordinary plate by which a reel is attached to the rod are

mounted, instead of the usual solid side disks, two rings connected by
radial arms with centers, in which is carried the spindle. Upon the

spindle are secured rigidly two rings similarly constructed, and of some-

what less diameter than the fixed rings and revolving just inside them.

These inner rings carry on their radial arms transverse bars, upon which

the line is wound, set equidistant from the center. At opposite points

in the fixed outer rings are placed transverse bars in pairs, the line

passing between them. Thus there is a diminution in weight without

any lessening of the strength of the apparatus, and from the fact that

the line by passing between the bars F F or F' F", even with but little

tension, is to a great extent freed from the water imbibed by it during

immersion, and also that as the core upon which the line is wound allows

air to come in contact with its inner coils, and the sides are equally

exposed to evaporation, the line can at once be wound on the reel and
allowed to dry there without risk of becoming rotten. In addition to

this the arrangement of the transverse bars surrounding the spindle, it

is declared, enables the line to be wound up almost as fast as by the

use of a " multiplier," and with less trouble and risk of breakage.

CLAIMS.

"1. In a fishing-reel, the inner open revolving rings, both mounted
on and connected l>y a central spindle, and also connected by a series
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of parallel bars, each placed equidistant from the central spindle, sub-

stantially as and for the purposes set forth.

u 2. The combination, with the stationary open rings, of the connect-

ing and parallel guide-bars placed in pairs near the periphery of said

wheels, substantially as shown, and for the purpose described.

" 3. The combination, in a fishing-reel, of stationary open rings with

parallel guide-bars, a spindle, and inclosed revolving open rings with

connecting parallel bars equidistant from spindle on which said rings

are mounted, all substantially as shown, and for the purposes speci-

fied."

No. 271166.

(Edward C. Vom Hofo, Brooklyn, N. Y.
;
patented January 23, 1883 ; fishing-reel.

See Plate LVIII.)

To enable the fisherman, while operating the reel with one hand, to

control the position of the click with the thumb of the hand which holds

the fishing-rod, the frame which forms the bearings for the axle of the

reel has a handle for turning the reel, mounted on one side of the

frame, and a ratchet-wheel and a movable click on the opposite side.

Springs act on the click to retain it in position when it is in gear^with

the ratchet-wheel and also when it is thrown out of gear. The frame

forms the bearings for the axle of the reel, which is provided with a

flange for securing it to the fishing-rod. The reel is operated by a

handle on one side of the frame, in the present instance on a separate

shaft, which is geared with the reel-shaft by a multiplying gear; but

the handle may be mounted directly on one end of the reel-shaft. On
the opposite end of the frame is mounted a click, which engages with a

ratchet-wheel on the reel-shaft. The click is secured to a pin, which

projects through a radial slot in the head of the frame, and is secured

to a button situated on the outside of the head. This button is in such

position that it can be manipulated by the thumb of the hand which

holds the fishing rod, and by moving it in a radial direction the click is

thrown in or out of gear with the ratchet-wheel. Thus, the fisherman

can throw the " ratchet drag " in or out of operation while he retains

control of the reel. The click swings on its pin and is subjected to the

action of two springs similar to the click in the patent granted this in-

ventor September 2, 1879, No. 219328 ; but the head of the new click

is arrow-shaped, as shown in Figs. 2 and 3, and, furthermore, the pin

which supports the click is mounted in the sliding button. When the

button is moved inward to the position shown in Figs. 3 and 5 the

springs catch behind the head of the click (Fig. 3), and retain the click

in gear with the ratchet-wheel, the button being thereby prevented

from moving out spontaneously ; and when the button is moved out to

the position shown in Figs. 2 and 4, the springs bear upon the inclined
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sides of the head of the click and retain the click out of gear with the

ratchet-wheel.

The inventor says

:

" I do not claim broadly as my invention the combination of a ratchet-

drag with a fishing-reel, such being well known."

CLAIMS.

"1. The combination, substantially as hereinbefore described, of the

frame which forms the bearings for the axle of the reel, the handle for

turning the reel mounted on one side of the frame, the ratchet-wheel

and click mounted on the opposite side of the frame, and the button

which carries the click and serves to throw the same in and out of gear

with the ratchet-wheel, said button being so situated that it can be oper-

ated with the finger or thumb of one hand while the handle is operated

with the other hand.

"2. The combination, substantially as hereinbefore described, of the

click having an arrow-shaped head, the button which serves to move
the click in and out of gear with the ratchet-wheel, and the springs

which bear on the click and lock the same when in gear and also when
out of gear with the ratchet-wheel."

No. 281918.

(George H. Palmer, Fair Haven, Mass., assignor to Thomas M. Bissett and Thomas J.

Conroy, New York, N. Y.; patented July 24, 1883 ; fishing-reel. See Plates LIX and

LX.)

The drum constituting the frame of the reel, and serving to connect

the two end plates rigidly together, is formed of a strip of metal which

has portions cut away. This strip is rolled up to form a cylinder and

screw-threads are cut upon the outside at the ends. Gup-shaped end-

cap*, are provided with internal screw-threads to fit on the ends of the

drum. At their centers they are provided with outward extending hub-

like portions, in which, as well as in the plates, are central openings, in

which are journaled the bearing-spindles of the spool. In the hubs

are adjustable plugs forming bearings for the end of the spool-spindles,

a conical point on each plug fitting into a corresponding recess in the

spindle .ends. Over the ends of the hubs, and covering the central

openings, are plates fastened by screws. The spool has its center

bored out from end to end, to be light. Into the ends of the bore are

inserted the bearing pieces or spindles. These extend into the pus-

sage only a sufficient distance for a firm fastening. Their outer ends

arc reduced to fit the journal bearing openings in the caps. The cup-

shaped cap nearest the crank is deeper than the other, to leave suffi-

cient room to receive the multiplying-gearing. Upon the bearing-

piece here a pinion is screwed, and it is locked in position by a small

screw. This pinion gears with a larger wheel below, fast to a shaft
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journaled at its inner end in a bridge-piece projecting from the cap,

and at its other end in the cap-plate, through which, and through

the hub-like projection on -the external face of which, it extends. To

the outer end of this shaft is attached the balanced crank. To the

lower side of the drum is screwed the usual longitudinally-grooved

piece which fits upon the pole and over which the holding-rings are to

be slipped. The object is do away entirely with the usual pillars or

bolts, with their screw-nuts in the frame-work of the reel, and in the

end plates or caps, these nuts being so liable to become loose. The
consequent loosening of the frame and play of the parts will, as reels

are ordinarily constructed with multiplying mechanism, cause this to

get out of gear and become inoperative until the parts are tightened

up again. In the present case the caps and drum have such au ex-

tended bearing surface that they cannot work loose, but hold the parts

and gearing firmly in place, while they can yet readily betaken apart.

The cap performs the double function of end-plate and a cover for the

gearing.

OLAIMS.

" 1. In a fishing-reel, the drum made in one piece, with suitable open-

ings cut therein to make an open frame, and provided at each end with

screw-threaded portions, in combination with the end caps provided'

with corresponding screw-threaded portions to fit those on the drum,

substantially as and for the purpose set forth.

" 2. In a fishing-reel, the drum made in one piece, with suitable open-

ings cut therein, aud provided at each end with screw-threaded por-

tions, in combination with the end caps provided with corresponding

screw-threaded portions to fit those on the drum, and a reel-attaching

device fastened directly to the side of drum, substantially as shown
and described.

"3. In a reel, the cup-shaped covering-cap screw threaded to fit the

threaded portion on the end of the drum, and with a bearing for the

spool-spindle, and a bridge and bearing to receive the crank-shaft, sub-

stantially as aud for the purpose set forth.

" 4. In a reel, the combination of the drum, made in one piece, the

end-caps screwed upon the ends thereof, the spool provided with bear-

ing-spindles journaled in said plates, the pinion on one of the spindles

between the cap and end of spool, and the gear-wheel on the crank-

shaft, journaled in the cap and the bridge piece on the same, substan-

tially as and for the purpose set forth.

" 5. In a fishing-reel, the spool bored out centrally and longitudin-

ally, the short bearing-pieces inserted into the central passage at the

ends thereof, the pinion screwed and locked upon one of the bearing-

pieces, and the adjustable screw-plugs in the end plates bearing against

the ends of the spool-bearings or spindles, substantially as and for the

purpose set forth.
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" (>. In a fishing-reel$ the combination of the spool, its bearings jour-

nals! in the end caps, the screw plugs in the hubs on the caps bearing

against thee nds of the spool-spindles to adjust the longitudinal posi-

tion of the spool, and the covering-plates on the ends of the hubs, sub-

stantially as and for the purpose set forth."

No. 282270.

(Thomas H. Chubb, Post Mills, Vt.
;
patented July 31, 1883 ; fishing-reel. See

Plate LXI.)

The cross-plate or reel-seat for attaching the reel to the rod is made

in two parts independently pivoted to the side plates to be folded within

the circumference of the latter. A spring formed of a single piece of

wire extends from the inner face of that side plate at which the crank

is, and bears against a flange on the spool, the middle of the wire being

coiled around the axis to form a collar which presses against the flange

to prevent any play and rattling of the spool within the supporting-

frame. The click mechanism consists of a toothed wheel mounted on

the axis between the plates opposite the handle end and a pawl which

is held in a position radial to the axis by a circular spring, the ends of

which fit into side grooves in the pawl. The spring is soldered to the

end plate, being sunk in a depression or circular rabbet, in said plate,

of substantially the depth of the spring and of not much larger cir-

cumference. The pawl and its pivotal pin are rigid with one another,

and the pivot has a substantial bearing in a boss in the side plate.

The inventor says

:

" I am aware that pawls engaging radially with the toothed wheel

controlled by a substantially circular spring engaging with its opposite

sides, and adapted to click in either direction, are old, and I do not

claim such as my invention."

CLAIMS.

" 1. In a fishing-reel, a reel-seat constructed to be arranged longitudi-

nally of the rod, and engaging with one side only thereof, said real-sent

being adapted to be folded for transportation, substantially as set

forth.

" 2. In a fishing-reel, a reel-seat arranged longitudinally of the rod

and engaging with one side only thereof, said seat being divided and

adapted to be folded for transportation, substantially as set forth.

" 3. In a fishing-reel, the combination, with the side frame-plates, of

the reel-seat hinged to the same on axes parallel to the axis of the reel,

and folding within the frame of the reel, substantially as set forth.

"4. The combination, with the side frame-plates, of the folding reel-

seal Laving sleeves of a length equal to the distance between said

plates, and pins passing through said sleeves and connecting the frame-

plates, substantially as set forth.



[51] PATENTS ISSUED RELATING TO FISH AND FISHERIES. 1025

"5. In a fishing-reel, the combination, with the reel-frame, of a reel-

seat made in two parts, the parts being pivoted to the reel-frame and

abutting against each other to prevent further oscillation when in po-

sition for attachment to the rod, substantially as set forth.

" G. In a fishiug-reel, the combination, with the frame-plate having a

boss, «2
, making an increased length of bearing for the pawl-pin, of the

pawl II, situated between the frame-plate and the spool, and having the

pin h rigid therewith, substantially as set forth.

"7. The combination, with the frame-plate of the reel, having the

rabbet a and pawl H, of the substantially circular spring I, partially

coinciding with the wall of the rabbet and secured at its middle to the

frame-plate, substantially as set forth.

" 8. The combination, with the side plates, A A', and the spool of the

reel, of the spring c e' e', of one piece of wire, coiled about the axis ol

the reel and pressing against plates A' D', substantially as set forth."

No. 283084.

(John Dreiser, New York, N. Y.
;
patented August 14, 1883 ; fishing-reel. See Plate

LXII.)

A fishing-reel of that class in which the reel follows the tension of

the line when the latter is thrown out, but on which the reel can be re-

volved very quickly when the line is to be wound up. The reel is sup-

ported not at one side of the fishing-rod, but in line with the axis, the

actuating mechanism being close to the rod at one side of the same, so

that it cannot only be handled with great convenience, but without the

small parts that make fishing-rods so expensive. A is the reel, and B
is the spindle made square at its middle portion to apply the reel

rigidly thereto, and round at the points where it is journaled to a me-

tallic stock, 0, which forms a part of the fishing-rod. The stock is pro-

vided with sockets C at both ends, to which sockets the upper and

lower sections of the fishing-rod are securely applied. The stock has

an open part, o, between the end sockets C, within which the reel A
is supported, so that it projects at both sides of the fishing-rod, its

spindle being in line with a vertical center plane passing transversely

through the longitudinal axis of the rod. The spindle has at one side

a screw-button, b, and at the other side a pinion, b', which meshes with

a gear-wheel, d. that is keyed to a shaft, D, to the outer end of which

the crank-handle, D'j is keyed. The crank-shaft D passes through the

openings of the lower socket C of the stock C, and is loosely sup-

ported thereby, to be capable of laterally shifting motion between

the terminal button c, at the opposite end of the shaft D, and the

crank-handle D'. The pinion and the gear-wheel are inclosed by a cas-

ing, E. The gear-wheel and the shaft are acted upon by a strong band-

spring,/, which is attached at its outer end to the casing, and forked

at its inner end, bearing upon the gear-wheel. The spring tends to

S. Mis. 70 C5



1026 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [52]

throw the gear-wheel into mesh with the reel-pinion to cause the rapid

winding up of the line on the reel when the shaft is turned. By shift-

ing the shaft and its gear-wheel laterally against the tension of the

spring, the gear-wheel is thrown out of gear with the pinion, so that the

reel can then turn independently of the winding-up mechanism, when-

ever it is desired to throw out the line. The casing is further provided

with a semicircular portion, //, that is secured by a transverse pin or

key, g', to the lower socket of the stock C, by means of which the casing

is rigidly attached to the stock without exerting any strain upon the

reel-spindle and shaft. When it is desired to separate the parts of the

fishing rod after use, in order to bring them into a smaller compass, the

casing is detached from the stock by unscrewing the screw-buttons b

and c and releasing the pin <j. The reel is then taken out of the recess

a of the stock and the rod-sections removed from the sockets of the

stock.

CLAIMS.

"1. The combination of a supporting stock having end sockets for

the pole-section and a central recess, a reel-spindle passing through said

recess, and provided with a button at one end and a pinion at the other,

a reel fixed to said spindle within said recess, a crank-shaft passing

through one of the sockets of said stock, and provided with a button

at one end and a crank at the opposite end, and a gear-wheel fixed to

said crank-shaft, the latter being adapted to slide in its bearings to

bring the gear-wheel into or or out of gear with the pinion aforesaid,

the said parts being readily detachable for packing the pole, substan-

tially as described.

"2. The combination of a metallic stock, C, having sockets C for the

rod-sections, a reel, A, supported in a recess of the stock, a reel-spindle,

B, having pinion b', a crank-shaft, D, supported loosely in one of the

sockets, a gear-wheel, r/, keyed to the crank-shaft D, and a spring,/,

pressing upon said gear-wheel d, so as to throw it into or out of mesh

with the pinion b' by the laterally-shifting motion of the crank-shaft D,

substantially as and lor the purpose set forth.

"3. The combination of a recessed supporting-stock, 0, forming part

of the fishing-rod, a reel, A, a reel-spindle, B, supported in bearings of

the stock C, pinion b', gear wheel d, crank-shaft D D', spring/, and cas-

ing E, provided with means to attach it to the stock C, substantially as

set forth."

No. 283496.

(Anton Lang, Brooklyn, N. Y.
;
patented August 21, 1883; fishing-reel. See Plate

LXIII.)

An improvement in fishing-reels by which considerable speed can be

imparted to the spindle when the line is wound up, while in throwing
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out the line the spindle follows the motion of the line, as the same is

paid out.

A fishing-reel is provided with a spindle which turns in independent

steel bearing's of the frame or housing, said spindle being provided with

a pinion that can be thrown by an intermediate pinion into or out of

mesh with a gear-wheel that turns on the bracket of the spindle-bear-

ing, and is operated by a crank-handle. A slide-piece throws the trans-

mitting mechanism into gear for winding up the line at great speed, or

out of gear to admit the independent motion of the spindle in throwing

out the line.

CLAIMS.

"1. As an improvement in fishing-reels, the combination of the reel-

frame, a reel-spindle turning in bearings of the reel-frame and having a

pinion at one of its ends, an actuating gear-wheel arranged concentric-

ally to the spindle-pinion, an intermediate pinion, and means by which

the latter is thrown in or out of gear with the spindle-pinion and gear-

wheel, substantially as set forth.

u2. As an improvement in fishing-reels, the combination of the sup-

porting-frame having steel bearings for the spindle, one of said bear-

ings being arranged in a bracket-shaped support, a spindle having a

pinion at one end, an intermediate pinion, a gear-wheel revolving on

the bracket-shaped support, and means for throwing the intermediate

pinion in or out of gear with the gear-wheel and spindle-pinion, sub-

stantially as specified.

"3. As an improvement in fishing-reels, the combination of the sup-

porting-frame or housing A, spindle B, turning in steel bearings a «,

spindle-pinion b, intermediate spring-pressed pinion, b', gear-wheel e,

turning on bracket-support a, forked slide-piece d, and set-screw d\ sub-

stantially as set forth."

No. 284217.

(Frederick Mallesou, Brooklyn, N. Y.; patented September 4, 1883 ; iishiny-reel. See

Plate LXIV.)

Heretofore, it is said, in nearly all multiplying reels the results de.

sired have been obtained by attaching to the head-plate of the reel a

rigid post, upou which revolved a gear-wheel operated by a crank-

handle supported by the post, by a revolving plate which substantially

constituted a crank-handle, or by a short shaft not extending through

the reel, but with a single bearing in the head-plate. The effect in

either event was to bring the strain in one direction upon a point be-

tween the center and periphery of the head -plate and one side of the

reel in another, reducing the leverage of the crank-handle, and increas-

ing the friction by reason of the lateral strain on the gear-wheel, crank,

and main shaft. The object is to overcome these difficulties and pro-
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dace a multiplying reel so constructed as to give the benefit of the

entire leverage from the center to the periphery of the reel and bring

the strain on the longitudinal center of the reel.

In operation, the crank-handle, being revolved, revolves the shaft o,

which operates the gear/. This engages the gear gj which is one-half

the size of gear/, and, being permanently attached, gear g revolves the

gear ft, which is in turn twice the diameter of gear g, or the same as

gear/. Gear-wheel ft engages gear-wheel i, which is the same size as

gear-wheel g, and is attached to and drives the hollow spool-shaft K.

The degree of multiplication will of course be determined by the relative

sizes of the gears.

CLAIMS.
*

" 1. In a fishing-reel, the hollow revolving drum-shaft mounted in cen-

tral bearings in the end plates, in combination with the independently-

revolving driving-shaft passing therethrough and having its bearing

therein, and provided with the crank and means for transmitting motion

to the said hollow shaft, as set forth.

"2. In a fishing-reel, the operating-gear arranged upon the tail-plate

o, in combination with a central shaft driven by a crank on the head-

plate, substantially as described.

" 3. In a fishing-reel, a reversible check or click consisting of the com-

bination of the ratchet-wheel mounted on the drum-shaft, between the

end plate and the spool-head, the pawl engaging therewith, the spring

engaging the pawl, the post carrying the pawl and projecting through

the end plate, and the switch-lever attached thereto for throwing the

pawl into or out of engagement with the ratchet at will, as set forth."

No. 285346.

(William B.Doubleday, Binghamton, N. Y., assignor to Henry II. Doubloday, Wash-

ington; D. O, patented September 18,1883; device for attaching reels to fishing-

rods. SeeriatoLXV.)

A metal plate, curved in cross-section to correspond substantially to

the curved outer face of the rod, is secured thereto. The edges of a

portion of this plate are turned up, forming ways or channels. At one

end of the plate the edges are closed down forming stops, and a portion

adjacent to the end is cut away, in order that at the extreme end the

edges may be bent down into contact with the body of the plate without

carrying with them the adjacent portions. A locking-stud is thrust up-

ward through an opening in the plate by a spiral spring within a cylin-

drical case attached to the under side of the plate, a hole being bored

in the rod to receive the case. The reel is mounted on a curved plate,

the sides of which slide in the ways of the plate on the rod, and which

abuts against the stops, and is held in place by the locking-stud.
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CLAIMS.

" L. Id a device for attaching a reel to a fishing-rod, a concave plate

adapted to be secured to the rod, and provided upon its sides with pro-

jecting lips to receive the sliding reel-plate D, in combination with a

movable stop to prevent the accidental displacement of the reel, sub-

stantially as set forth.

" 2. The combination of the, reel, the sliding plate D, the concave plate

provided upon its sides with projecting lips, and the Yielding stop, sub-

stantially as set forth."

No. 285630.

(Henry C. A. Kasscban, New York, N. Y.
;
patented September 25, 1883; fishing-reel.

See Plate LXVI.)

The object is to supply a fishing-reel that can be used without a rod.

The reel is of wood or is a skeleton of metal, and has one or more crank

handles. The reel-frame may be of a single post, or of fork shape, the

spindle being in one case fixed to and in the other case revoluble in

the reel frame. The reel frame is fixed upon a handle, and at its point

of attachment thereto, at one or both sides, has a hook-shaped finger-

rest, by means of which the reel can be firmly grasped, thus allowing

the line to be thrown a great distance from the shore without risk of

slipping from the hand.

CLAIM.

"A hand fishing-reel consisting of a revolving reel, A, reel train e B,

handle D, and hook-shaped finger-rest E at the base of the reel-frame,

substantially as set forth."

No. 294429.

(Gilbert L. Bailey, Portland, Me. ; patented March 4, 1884 ; reel fastening for fishing-

rods. See Plate LXVII.)

The objects are, first, to provide means for fastening the loose reel-

band, in any desired position, and, in connection therewith ; second, to

provide a loose reel-band which, when fastened, will hold reel-plates of

different thicknesses and widths upon a reel seat having a plain surface,

and without the intervention of the usual fins or ribs. The operation is as

follows : Lever (j being opened one end of the reel plate is placed in recep-

tacle/, audthe receptacle c in band b is placed over the other end. The

lever is then brought into position, as shown in Figs. 1, 2, and 4, and

through the action of cam h band b is drawn firmly down upon the reel-

plate, the round part of the cam acting against the inside of groove i

and the surface of tube a.

The inventor says :

" I do not claim a metal reel-seat, nor a band having a raised recepta-

cle for a reel plate and fastened to the lower end of a fishing-rod, as

these are already in use."
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CLAIMS.

"1. In a reel-fastening for a fishing-rod, a loose or sliding baud hav-

ing a raised receptacle for one end of a reel-plate on one portion of its

.surface, and a groove struck from the inside on an opposite portion, in

combination with a cam working in said groove, having a lever attached

and adapted to fasten said band over said reel-plate, and a metal reel-

seat adapted to surround the butt of a fishing-rod, and having a raised

raised receptacle for the other end of said reel-plate, fixed thereto, sub-

stantially as and for the purpose herein set forth.

" 2. In a reel fastening for a fishing-rod, a loose or sliding band hav-

ing a raised receptacle for one end of a reel-plate on one portion of its

surface, and a groove struck from the inside of an opposite portion, in

combination with a cam working in said groove, having a lever attached

and adapted to fasten said band over said reel-plate, and with the butt

of a fishing-rod, having a raised receptacle for the other end of said

reel-plate, fixed thereto, substantially as and for the purpose herein

set forth.

"3. In a reel-fastening for fishing-rods, a loose or sliding band hav-

ing a raised tapering receptacle for one end of a reel-plate, and a groove

struck from the inside, in combination with a cam to work in said groove,

having a lever attached adapted to tighten said band upon and release

it from said reel-plate, substantially as and for the purpose herein de-

scribed.

" 4. In a reel-fastening for fishing-rods, a loose or sliding baud having

a groove struck from the inside for the reception of, and in combination

with a cam to work in said groove, having a lever attached adapted to

tighten said band upon and release it from a reel-plate, substantially as

and for the purpose herein described.

" 5. The combination of sliding band b, with its raised portions c and

i, lever g, with its cam h, and tube a, provided with receptacle /, sub-

stantially as herein described."

No. 296196.

(William N. Lockwood, Campville, Conn.; patented April 1, 1884; line-reel. See

Plate LXVI II.)

This invention consists of a reel inclosed and having bearings in a

case composed of two end pieces connected together by three rods, and

a cylindrical shell open about one-third the circumference, one of the

end pieces being so formed as to incase a gear-wheel which meshes

into a pinion on the reel-shaft, the gear-wheel having a crank-handle

on its shaft, by means of which the reel may be rapidly rotated and the

line wound evenly thereon and without kinks. A spring-catch pivoted

to one of the end pieces falls between the spokes or into the openings

of one of the flanges of the reel, thereby holding the reel and prevent-
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iug it from rotating when sufficient line has been paid out. This spring-

catch is conveniently located to be operated by the thumb or one of the

fingers of the hand holding the case, while the reel may be rotated by

the other hand actuating the crank-handle. The whole of the device is

made very strong and light.

CLAIMS.

" In a line-reel the combination with the shaft b of the plain flange c

secured to one end thereof, and the flange c' secured to the other end,

and provided with a lug, c
2
,
projecting inwardly therefrom adjacent to

the shaft b, and to which is attached one end of the line, substantially

as and for the purpose hereinbefore set forth.

"2. In combination, the inclosing-case d d'f, the gear-wheel h, pro-

vided with the crank-handle j, the line-reel b c c', provided with the

pinion, and the bell-crank spring-catch fc, having its outer end lying

along the inclosing case, substantially as and for the purpose set forth."

No. 303186.

(Henry F. Price, Brooklyn, N. Y.; patented August 5, 1884 ; reel-fasten iug for fishing-

rods. See Plate LXIX.)

The object is more generally to adapt rods to receive the varying sizes

of seats of reels. Sliding bands of different diameters arc nested on

the rod. These are employed respectively according to the size of the

reel-seat, and are applied to hold either or both ends of reel-seat rod.

CLAIMS.

"1. The combination of a rod, a reel-seat, and a series of separate

sliding nested bands or rings, whereby a reel-seat of varying size may
be securely clamped to a rod, as set forth.

" 2. The combination of a rod, a reel-seat, and a series of connected
sliding nested bands or rings, said reel-bands being so constructed that

they shall -not separate from each other longitudinally by what is known
as a "bayonet-fastening," whereby a reel-seat of varying size may be
securely clamped to a rod, as set forth."

No. 303347.

(Archer Wakeman, Capo Vincent, N. Y.; patented August 12, 18S4 ; fishing-tackle.

See Plato LXX.)

A device to be applied to fishing-lines for the purpose of twirling or

rotating the line, and with it the fly or bait at its end. A rotary disk

or head to which the line or gimp is attached is connected with a crank,

or with automatically-operating mechanism by which the line may be
rotated. Ordinarily the device will be applied to a pole or rod, and
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inay be used iu connection with a reel for winding in the line. The line

B, or so much thereof as extends from the reel to and through the tubu-

lar guide a, is made of gimp, or of other material having sufficient stiff-

ness to turn without buckling or twisting to any material extent, yet

capable of being readily wound upon the reel. The line being provided

with the usual liy or bait, and the latter being allowed to hang from

the rod and thereby to straighten the line, it will bo seen that rotation

imparted to the shell or cylinder by the train E will be transmitted to

the line I>, and through it to the bait or fly, the swivel of the bait being

made sufficiently tight to prevent rotation therein until a fish is hooked ,

and resistance thereby offered to the rotation of the bait. A brake, F,

is provided with which to hold the cylinder or shell against rotation,

and the reel is provided with a square stem, /, to receive a handle or

key by which to turn i> and wind in the line. The brake is arranged

to enter a hole or notch, g, which is so located as to stop the shell with

the stem /'in proper position for operation.

CLAIMS.

" 1. In combination with a fishing line or gimp, provided with a fly or

bait, a rotary wheel or body connected with said line or gimp, and
serving to impart a rotary or twirling motion thereto.

" 2. In combination with a fishing-line or gimp, a wheel or body con-

nected therewith, and a spring driven train connected with said wheel
or body and arranged to rotate the same, substantially as and for the

purpose set forth.

"3. The herein-described device for imparting rotary motion to fish-

ing-bait, consisting of the shell C, having tubular journal b, and internal

reel D, and provided with means, substantially such as described, where-

by it may be rotated as set forth.

"4. In combination with a bait-twirling mechanism, a fly or bait pro-

vided with a tight-fitting swivel, such as described, whereby the bait is

caused to turn with the line or gimp until resistance is offered, where-

upon the friction is overcome and the line or gimp permitted to turn

independently of the bait."

No. 306162.

(John Kopf, Brooklyn, N.Y., assignor of one-half to Thomas B. Mills, of same place;

patented ( >ctoher 7, 1884 : fishing-reel. Sen Plate LXXI.)

The main point in this case seems to be the appearance which it is

designed to give the finished reel. Panels of vulcanite are let into the

viids where they are held by rims or bezels, and the cap-nut over the

end of the outer spool journal was devised, it is intimated, to do duty
as mi assistant in this respect.

The inventor says

:

" I do not claim as of my invention a reel having its plates or heads
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composed of hard rubber or vulcanite bushed to form bearings for the

spool journals, with or without metal bauds encircling the rubber or

vulcanite, the object of my invention being-

to provide a reel which

shall equal in appearance one having plates or heads of rubber or vul-

canite, and which shall be far more durable and strong; neither do I

claim, broadly, as of my invention a reel having a recess on its inner

side to receive the spool-flange, and a hub on its outer side to form a

bearing for the spool-journal, the said hub having a cap-nut applied to

it. Such a reel is shown in United States letters patent No. 214405,

granted April 22, 1879, to L. T. Dickson ; but its plate or head has no

panel applied to its outer side, and having a central aperture through

which said hub projects, nor has the plate or head any rim or bezel on

its outer side to receive within it such a panel as I employ ; neither does

the cap-nut serve the double purpose of covering the spool-journal and

its bearing and securing a panel in place, as does my cap-nut/."

CLAIMS. •

" 1. In a reel, the combination of the head A and the cap C, recessed

on their outer side so as to form rims c, the head A comprising a bear-

ing, (7, for the spool-journal, and the panels II II', applied to the recessed

outer sides of said head and cap aud fitting within the rims c, substan-

tially as described, and lor the purpose set forth.

"2. In a reel, the combination of the spool F, the head A, having on

its exterior the hub d, forming a bearing for the said spool, aud having

the rim or bezel c, the panel II, fitting within the rim or bezel c, and

having a central aperture, through which the hub d projects, and the

cap nut/, applied to the hub <1, and serving both to cover the latter and

to .secure the panel in place, substantially as herein described."

Ko. 309305.

(John Kopf, Brooklyn, N. Y., assignor of oae-balf to Thomas B. Mills, of same place;

patented December 10, 1884 ; method of making fishing-reels. See Plate LXXII.)

Heretofore the base-plate and heads of a fishing-reel have been made
of separate pieces secured together by screws or other means, and the

heads have been connected by one or more pillars or cross-braces, which

are also separate pieces from the heads ; hence in the simplest reel,

having but a single pillar or cross-brace between the heads, the frame

has consisted of four parts, irrespective of the screws whereby said

parts are often connected. A blank is cut or stamped from sheet metal

Irv dies, the blank comprising disk-like portions for the heads of the

reel, and a portion, between the disk-like portions, connected with them

by necks to form the base-plate of the reel. These necks are subse-

quently bent so as to bring the disk-like portions into positions parallel

with each other, and at right angles to the base-plate. To complete the

frame of the reel a cross brace or tie is secured between the disk-like
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portions at u point opposite to the base plate, to bold the heads at a

proper distance apart. This tie may be a piece separate from the other

parts of the frame, in which case the frame would consist of but two

pieces ; or the tie may be produced as a narrow tongue projecting from

one of the disk-like portions of the blank, and after these are bent into

positions parallel with each other to form the heads the tie is bent down

to extend between them, and is secured at its free end to one of the

heads. The frame would then be composed entirely of one piece of

metal.

CLAIMS.

" 1. The method of forming the base-plate and heads of a reel, con-

sisting in producing a blank having disk -like head portions B' on oppo-

site sides of an intermediate base portion, B, and in bending the blank

upon the lines # # to bring the said head portions into positions parallel

with each other and at right angles to said base portions, substantially

as herein described.

" 2. The method of forming the base-plate, heads, and cross brace or

tie of a reel, consisting in producing a blank having disk-like head por-

tions B' on opposite sides of an intermediate base portion, B, and a

tongue, B 2
, extending from one of said head portions, in bending the

blank upon the lines x x to bring the head portions B' into positions

parallel with each other and at right angles to said base portion, in

bending the blank upon the line y y to bring the tongue W into a posi-

tion at right angles to the head from which it projects, and in securing

the free end of said tongue to the opposite head, substantially as herein

described."

No. 272870.

(Thomas R. Ferrall, Boston, Mass.; patented February 27, 1883 ; trawl-roller. See

Plate LXXI II.)

By making the trawl-roller in three different parts, that is, a central

one, d, and side rollers, e e, all secured to the spindle c, a very strong

and durable trawl-roller is produced from smaller pieces of lignum-vitae,

as compared with a continuous solid roller, and thus pieces of wood are

utilized that otherwise would be wasted ; and if a portion of this roller

should get damaged or broken such injured part may easily be replaced

with another at a small expense, as compared with an entire new roller.

By securing the roller to the spindle and locating the bearings outside,

it will run without much friction, as compared with rollers running

loosely on a fixed spindle. The bearings are self-lubricating.

CLAIM.

" In a trawl-roller, the central spindle c, adapted to rotate loosely in

the outer bearings b b, and having secured to it the grooved center

roller, d, and side rollers, e c, as and for the purpose set forth and de-

scribed."
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No. 252008.

(George P. Andrews, Staffordville, Conn.; patented January 10, 18S2 ; fishing-rod.

See Plate LXX1V.

)

The sections or lengths of the fish-pole are hinged, but may be made
rigid by thimbles which slip over them. The thimbles have eyes for

the line. Within the but-end of the lowest section is a small steel

balance, and upon the pole there is a graduated scale for the pointer of

the balance. The end can be closed by a cap when the balance is not

in use, it is said. What the balance is for, or how it is to be used, is

not stated. It is presumed that it is to weigh fish, to be hung on the

eye or little hook after removal of the cap. The rod is folded by throw-

ing up the thimbles and laying the hinged lengths together. They are

held so by a spiral spring fast to the butt. In folding the sections, the

spring H is grasped at one end and straightened out to allow the sec-

tions to come together. Upon its release it will spring once or twice

around the folded sections.

CLAIM.

"The combination, with a tishing-pole composed of lengths or sec-

tions hinged together, of the spring fastening device H, for the pur-

pose specified."

No. 258902.

(Hiram Eggleston, Manchester, Vt., assignor to Charles F. Orvis, of same place; pat-

ented June G, 1882; reel-seat for fishing-rods. See Plato LXXV.)

A spring is fastened centrally in a recess in the rod. Fixed bauds

project over the ends of the recess. The reel-seat plate is slid with one

end under one baud, and then with the other end under the other, so

that both sides will be under the bauds, and they will be held up against

the bauds by the spring. The seat may as readily be detached as at-

tached, and in a manner that will be obvious.

CLAIM.

"In a reel-seat for fishiug-rods, a spring clamping seat, &, in combi-

nation with the rod having the fixed ring bands, substantially as de-

scribed."

No. 263484.

(Thomas H. Chuhh, Post Mills, Vt.
;
pateuted August 29, 1882; tie-guide for fishing

rods. See Plate LXXVI.)

The tie-guide through which the line passes is secured to the rod by

cords or wire wound around the rod and the points of the guide, or by
ferrules or bands slipped upon the rod over the points of the guide.

The guide-blank is cut from sheet metal with points, inclined side edges

leading inward from the bases of the points, aud curved recesses be-
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tween the inner ends of the inclined side edges 2 and the bases of the

points 1. The blank is then bent around a former.

CLAIM.

"The tie-guide for fishing-rods, cylindrical in cross-section at its mid-

dle, and constructed of the piece of metal C, having pointed ends 1,

inclined side edges 2 leading inward from the bases of said points, and

curved recesses 3 between the inner ends of the inclined side edges and

the bases of the points, substantially as described."

No. 264243.

(Thomas IT. Chubb, Post- Mills, Vt.
;
patented September 12, 1882 ; ferrule for fishing-

rods. (See Plate LXXVII.)

The object is to promote reliability in seeming ferrules, such as the

ferrules of fishing rods in place. An annular groove is formed in the

ferrule after it has been arranged in place. The ferrule is indented in

the bottom of the groove, and the surface of the groove is then milled.

The grooving, indenting, and milling are designed to be done in a ma-

chine successively, but at one operation, by suitably formed tools, as

indicated in dotted lines in Fig. 3.

The inventor says:

"lam aware 1 hat ferrules have been secured to sticks by means of

annular grooves, and by means of singular indentations made here and

there without method, and that ferrules have been ornamented with

milled rings, and I do not claim either of these alone or broadly as my
invention."

CLAIM.

"The combination, with a stick, of a ferrule, E, having an annular

groove formed in it by pressing the metal into the wood, and having

indentations formed in it at the bottom of its groove, substantially as

herein shown and described, whereby the said ferrule will be held se-

curely in place, as set forth."

No. 270460.

', William Mitchell, New York, N. Y. ; patented January 0, 1883; fishing-rod. See

Plate LXXVIII.)

The object is to obtain a uniform strain and spring in fishing-rods

throughout their entire leugth.

A represents the butt of a fishing-rod, B is the grip, and C is the rod.

The grip forms a part of the butt, and the rod passes in through the

upper end of the butt, and has a screw-hole in its end, or in a cap or

ferrule attached to its end, to screw upon a screw D, secured to the

butt-cap E. The interior of the butt A is made so much larger than
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the rod C that the rod will be free to bend from end to end, so that the

strain and spring will be uniform throughout its entire length, the rod

coming into contact with the butt only at its ends. The aperture

through the forward end of the butt is made to lit the rod exactly, in

order to hold the rod steady.

CLAIM.

"The combination of the cap E, having a central screw on the inside,

a hollow handle, B, having a central hole in the butt, aud the fishing-

rod C, having an end open tubular cap working on said screw, as shown
and described."

No. 277230.

(Thomas H. Chubb, Post Mills, Vt.
;
patented May 8, 1883 ; fishing-rod tip. See Plato

LXXIX.)

The head of the funnel-top is provided with a deep annular groove

for the reception of the tube of the funnel-head. A center hole is

drilled in the back end of the head for entry into it of a round swaging

tool. The tube of the funnel-head is then pushed into the annular

socket, after which the swaging-tool is driven down into the center hole

to expand the central portion of the metal of the head circumscribed by

the seat, and cause it to give a flaring or spread configuration to such

seat, and a corresponding figuration to the inner end of the tube. Af-

ter the funnel-top has been formed, it has a hole made through it for

the line. By this construction the tube is secured to the head by a

dovetailed joint, and if this joint should become loose or spring inward

it can readil}T be tightened by driving the swaging-tool into the center

hole.

CLAIMS.

" 1. As an improved article of manufacture, the funnel-top for a fish-

ing-rod herein described, consisting of the head C, provided Avith the

deep annular groove or seat b at its inner end, and inclined opening g,

made through the head, and tube I), having its outer end inserted in

the annular groove b of the head, and secured thereto by the dovetailed

joint h, as set forth.

"2. The combination, with the tapering tube 1), of the head C, pro-

vided with the opening g, annular groove b, and central hole c, sub-

stantially as described, whereby the dovetail joint can be expanded

when sprung inwardly, as set forth."

No. 279988.

(Richard Smith, Sherbrooke, Quebec, Canada; patented June 26, 1883; tension equal-

izer for fishing-rods. Sec Plate LXXX.)

A device for equalizing the tension and compression arising from

strains incidental to fishing-rods when in use. Hitherto in the ordi-
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nary jointed rod the resistance to strains, both tension and compression,

which arise in bending, have been borne by the inherent elasticity of

the rod. But as the rod cannot be uniformly elastic, it will not bend
equally, nor have a uniform curve, but will assume a sharper curve in

the less stiff portions. Hence the rod is liable to be sprung or broken

when undue strain is exerted. Even in the split-bamboo rod, in which

the several parts comprising joints are adjusted and arranged to over-

come the defect arising from the unequal strength of several individual

pieces, full success has not been attained. To overcome the effect of

tbe unequal strength of the several parts comprising a rod, or in case

the rod is integral, to overcome a like defect which would exist, there is

attached to the upper or top portion of the rod a small steel jointed wire.

This wire is to be fixed at one end to the tip, and at the other extremity

to the but-end of the rod. The rear end has attached to it a head or

button, which actuates a coiled spring fitting within a small double

cylinder fastened to the butt.

CLAIMS.

" L The combination, with a fishing-rod, of a tension wire or cord

secured thereto, and an elastic connection, which permits the wire or

cord to accommodate itself to the varying curvature of the rod, for the

purposes set forth.

"2. A fishiug-rod provided with a back-bone or support, consisting of

a continuous or linked wire or cord attached to the tip and but-ends of

said rod, the rear end being secured to the butt indirectly by a coiled

or other spring contained and carried within a tube screwing within

another tube or cylinder attached securely to the but, substantially as

herein described.

"3. In a fishing-rod, the individual joints furnished with a wire link

attached thereto by suitable devices, and when united forming an en-

tire rod with a continuous linked wire, the latter adjustable to the cur-

vature of said rod, and provided with a spring to equalize and distrib-

ute strains brought upon any weak point, substantially as stated.

"4. A fishing-rod, in combination with a wire or cord extending along

its upper or top portion, an adjustable coiled spring to which said wire

is attached, and a movable tube which incloses said spring, said wire

accommodating itself to the bending of the rod by the yielding of the

.spring, substantially as set forth.

" o. In a fishing rod, A, the combination of the continuous or linked

wire B, whose tension is adjustable by means of a coiled spring, /, with

the closed movable cylinder E, screwing within a primary cylinder or

tube, D, securely fastened to the but-end of the rod, substantially as

stated."
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No. 285493.

(James E. Laugilon, Torrington, Conn. : patented September 25, 1883; joint or coup-

ling for rods, dec. See Piute LXXXI.

)

Two sections of tube Lave upon the surface of each a screw-thread.

The tube section is fastened upon a rod joint, and one being smaller

will pass into the other, the screw-thread upon the smaller engaging

the screw-thread upon the larger or outer tube. The screw-thread

formed in the surface, of these tube sections may be rolled in while the

sections are separated from the joints of the rod, or the sections may be

put upon the ends of the rod joints and the screw-threads rolled into

their surfaces, thus embedding the surface of the metal into the wood
of the rod and holding the sections in place.

CLAIMS.

" 1. A coupling for the joints of rods, &c, composed of two tubular

sections, c e, of thin metal, each having a screw-thread rolled into its

surface, the section c being longer than the section c and covering said

section c, when the parts are connected together substantially as set

forth.

" 2. In combination with the rod-sections a b, a tubular coupling com-

posed of the screw-tubes c c, in each of which is rolled or formed a

screw-thread, which performs the double duty of holding the tube-sec-

tions upon the rod-joints and coupling the sections together, substan-

tially as set forth."

No. 303474.

(Justice Webb, Georgetown, Ky.
;
patented August 12, 1884; lock-joint for lishing-

rods. See Plate LXXXII.

)

With a sleeve secured to the end of a rod-section in such manner that

it projects beyond the end and provided with an annular ridge or collar

and two studs is combined another sleeve which will lit closely into

the first, provided with two annular ridges and secured to another rod-

section in such manner that it will bo flush with the end, and carrying

a sliding ring provided with an inward projecting flange, and with two

L-shaped slots for receiving the studs on the other sleeve. To unite the

rod-sections the sleeve E is passed into the sleeve A, and then the ring

II is pressed down on the ridge or collar G to cause the studs M to pass

into the longitudinal parts of slot K. The ring II is then turned to

cause the studs M to pass to the ends of the transverse parts of the

slots K. The ring is thus held on the sleeve A, and as the flange J of

the ring rests on the annular ridge or collar G of the sleeve E, it holds

the said sleeve and the rod-section to which it is fastened in place.

Either one or two L-shaped slots K can be formed in the sleeve H.
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CLAIMS.

"1. In the lock-joint for fishing-rods, the combination, with the sleeve

A, provided with a locking-stud of the sleeve E, constructed to fit within

the sleeve A, and a collar, H, held to slide and rotate on said sleev.e

E, and formed with an L-shaped slot for engaging the locking-stud on

the other sleeve, substantially as set forth.

u 2. In a lock-joint for fishing rods, the combination with the sleeve

A, provided near one end with the collar or annular ridge C and the

the studs M between the end of the sleeve and the said collar, of the

sleeve, E, fitting in the sleeve A and provided with the annular ridge

or collar G, and of the sliding sleeve H, having an inwardly projecting

flange, J, above the collar G, and also having two L-shaped slots, K, ex-

tending upward from the free edge of the said sleeve H, substantially

as herein shown and described."

No. 309028.

(William W. Byington, Albany, N. Y.
;
patented December 0, 1884 ; iish line and book

guard. See Plato LXXXIII.)

A piece of clastic metal resembling the ordinary " eye" of the " hook

and eye "of commerce is slipped over the fish-rod and the shaft or

shank of the fish-hook.

CLAIM.

"The combination, with a fishing-rod and the line dependent from

end thereof, of a detachable spring-band encircling the rod and clamp-

ing the line between the inner surface of the baud and the outer sur-

face of the rod, whereby during transportation the rod and line are

maintained in close relationship with each other throughout their length

while the line may be readily and speedily released for use, substanti-

ally as described."

No. 255671.

(Matthew and Thomas Reynolds, Havre De Grace, Md.
;
patented March 28, 188*2;

gill-net. See Plate LXXXIV.)

The net consists of three parts, viz, a double net externally, the mesh of

which is large enough to permit fish to pass through, and an intermediate

net, which constitutes the gill-net proper, and which is therefore of finer

mesh. The three nets are united at top and bottom by ropes, thus

forming two pockets, one on each side of the middle net. As the fish

come against the net, they pass through the coarse mesh net into the

pocket, where they are caught in the gill-net, which is reinforced or

braced in its bulged position by the net on the opposite side, thus pre-

venting breaking of the net however great the strain. In hauling, the
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side nets forming ii pocket prevent the fish caught in the middle net

i'rom becoming disengaged, so that there is no loss in the haul, how-

ever large the catch may be.

CLAIM.

"The improved gill-net herein shown and described, composed of a

middle net, F, or gill-net proper, placed between two nets, E and E, to

form the pockets a and b. the inner net being of finer mesh than the

two side nets between which it is placed, substantially as set forth."

No. 270641.

(Jasper N. Dodge, Detroit, Mich.; patented January l(i, 1833; iitsli-net. See Plate

LXXXV.)

A collapsing landing and minnow or bait-net which can be expanded

readily for use or collapsed ready to be packed without unscrewing the

head from the pole. A hoop is constructed of two spring arms, which

arc perforated to secure the netting, are made heaviest at their inner

ends where the greatest strain is, are jointed together at their outer

ends, and at their inner ends are hinged to a sleeve. These arms have

hinged to them two braces, which are also hinged to a thimble, the

sleeve and thimble being passed over the end of a staff, and secured

thereon by a head plate held firmly against the thimble. When the

sleeve is pushed toward the end of the staff the braces will be extended

and hold the spring arms out forming a hoop.

For the purpose of catching minnows or bait a separate net is pro-

vided, secured to narrower and thinner spring-arms of a hoop, F and F',

as shown in Figs. 5 and 6, said arms being turned at the ends to form

flanges, or otherwise provided with lips,/, whereby the}' may be secured

in the arms D and D'. This separate bait-net is thus adapted to be put

into that previously described. When not in use it is intended to be

taken out, folded up, and stowed away in any convenient place.

The inventor says

:

" I am aware that heretofore the hoop of a bait-net has been provided

with hinges so as to be folded, and having its sides connected by rods

with a sliding sleeve on the staff or rod, so that by operating said sleeve

the hoop may be expanded or collapsed, as desired, and I do not claim

such construction, broadly."

CLAIMS.

" 1. In a collapsable landing and bait-net, a hoop constructed of two

spring-arms, hinged together at their outer ends and at their inner ends

hinged to a sleeve, in combination with two braces hinged to said arms

and to a thimble, said sleeve and thimble adapted to pass over a staff,

substantially as described.

"2. A collapsable landing and bait net consisting of a hoop constructed

of two spring-arms, hinged together at their outer ends and at their

S. Mis. 70 66
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iuuer ends hinged, to a sleeve, in combination with two braces hinged

to said arms and to a thimble, a net secured to the arms of the hoop, a

staff inserted through the sleeve and the thimble, and secured therein

by a head plate adapted to engage with the thimble when the hoop is

expanded, said head-plate held firmly against the thimble, when thus

engaged, by the projecting ends of the braces, to keep the net from

turning on the pole, substantially as described.

" o. In a collapsable landing and bait net, a hoop constructed of two

perforated spring-arms, hinged together attheir outer ends, made heavier

at their inner ends, and hinged thereat to a sleeve, in combination with

two braces hinged to said arms and to a thimble, said sleeve and thimble

adapted to pass over a staff, substantially as described.

" 4. In a collapsable landing and bait-net, the spring-arms F and F',

in combination with a suitable net, said, arms provided with means
whereby they may be secured within the arms I) D', substantially as

described."

No. 272305.

(Otbo M. Muncaster, Washington, D. C.
;
patented February 13, 1883; landing net.

See Plato LXXXVI.)

A hollow handle of bamboo will hold the wire of the net ring, which

is sufficiently elastic to be straightened or bent without injury. The
wire has its ends bent outward, and to one of the ends is attached a

longitudinally grooved nut, threaded a portion of its length. The

handle has on one end an internally threaded ferrule to receive the

screw portion of the nut. To form the net ring the nut of one end of

the wire is screwed into the ferrule, and the free end is then slipped

into the groove, where it will be held by the handle into which the fer-

rule having the groove is sunk.

CLAIMS.

"1. The combination of the net-wire B and the longitudinally-chan-

neled nut ft
2
, the latter being adapted to fit a threaded ferrule on the

end of the handle, substantially as described.

" 2. The combination of the hollow handle or rod A and the elastic

net-wire carrying the longitudinally-grooved nut b2
, substantially as

described."

No. 273651.

(Richard J. Welles, Chicago, 111., assignor to William Mills and Thomas Rate Mills,

Brooklyn, N. Y.
;
patented March G, 1883 : landing net. See Plato LXXXVII.)

The invention relates to landing-net rings which are detachable from

their handles, and which may be slipped inside of them. The handle

may be of a single piece, or of two or more pieces connected by ferrule.

The ring-piece may consist of a single strip or band, elastic or flexible,
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;i:k1 continuous from end to end, or of two sections to be connected by

a .slide. In either ease the two ends of the ring-piece are entirely un-

connected with each other. The upper end of the handle is provided

with a ferrule, in which is fixed a nut; and a rod or stem is screwed

into the nut, and has a head consisting of two widely diverging arms.

A crotch, the upper surface of which is recessed, or which is formed

with flanges, receives the arms between these. The two sides of the

crotch diverge at the same angle as the arm, and the crotch is pro-

vided with a tubular shank, which loosely surrounds the stem, and fits

inside the ferrule. In the upper surfaces of the crotch are recesses,

and the ends of the ring-piece are hooked slightly to enter the recesses.

By holding the crotch in one hand and turning the handle, the stem

will be extended or drawn in by the action of the nut, and when ex-

tended the ends of the piece may be inserted between tho parts C and

D and into the recesses. The handle is then turned to draw in the

stem, and as the inward movement of the crotch is arrested by the fer-

rule the end portions of the ring-piece will bo securely clamped in place

and held against withdrawal, and also against lateral shifting, by reason

of their fitting between the flanges of the crotch. The ring-piece, when

detached, will straighten by reason of its elasticity, and may be placed

inside the hollow handle. The construction of the crotch and arms is

such that when the ends of the ring-piece arc inserted between them a

ring of oval form will bo produced, which is considered preferable for a

landing-net to a round ring.

CLAIMS.

" 1. The combination, with a handle, A, provided with a nut, a, and

a ring-piece, B, of the crotch D, the stem 0, and diverging arms C, all

substantially as described.

k '2. The combination, with the handle A and ring-piece B, of the nut

a, the screwed stem C, the diverging arms C, and the crotch D, pro-

vided with flanges b, which receive between them the cuds of said ring-

piece B and said arms C, substantially as described.

"3. The combination, with the handle A and the ring-piece B, pro-

vided with bent ends c, of the nut a, screwed stem C, arms C, and crotch

I). provided with recesses or notches d, all substantially as described."

No. 255561.

(Edward Arapiau, NewYork, N. Y.
;
patented March 28, 1882; sponge fishing nut.

Sec Plate LXXXVIII.)

A net of bag shape has attached to the mouth thereof a frame, one

portion of which is of heavy material, and the remainder of buoyant

material, so that when the net is cast into the water the heavy portion

of the frame acts as a sinker, while the buoyant portion thereof floats,

thus keeping the mouth of the net open for the reception of sponges or

other like objects.
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CLAIMS.

" A net of bag shape, for fishing sponges or the like, having attached

to the mouth thereof a frame, one portion of which is composed of metal

or other weighty material, and the remainder of wood or other buoyant

material, substantially as and for the purpose described.

No. 279792.

(Edwin Paterson, Port Washington, N. Y.
;
pateDted June 19, 1883; oyster dredge.

See Plates LXXXIX and XC.)

The object is to gather oysters from the bed clean, and easily, and

rapidly.

Hinged in loops that are attached to the frame above foot-pieces, are

two corresponding shafts which have secured to them removable grap-

pling arms or teeth. The ends of the shafts are bent toward the center

of the frame to form cranks and the ends of these cranks are attached

to the lower ends of a vertically-sliding bail by connecting-rods which

are hinged at their ends to the ends of the bail and the ends of the

cranks, so that upon the upward movement of the bail, which takes

place when the dredge is lifted out of the water, the shafts will be

turned upward, bringing the cranks to a vertical and the grappling-

arms to a horizontal position, and upon the downward movement of

the bail, which takes place when the dredge is being lowered into the

water, the shafts will be turned downward, bringing the cranks to a

horizontal and the grappling-arms to a vertical position, so that the

points of the grappling-arms will properly penetrate the mud at the

bottom. The dredge is raised out of the water by ropes attached to

the bail, and is lowered into the water by ropes attached to the frame

of the dredge. A brush frees the oysters from mud just before or just

after they are lifted out of the water. The brush slides upon bars held

across the frame of the dredge by cross-pieces, angle-plates, and screws,

and may be drawn forward over and in contact with the oysters on the

grappling-arms against the tension of a spring, by means of a rope

the spring serving to draw the brush backward upon the cord being

released. The brush may be adjusted vertically, so that its bristles

will come properly in contact with the oysters on the grappling-arms,

by turning the screws which will raise the angle-plates which are held

in the vertical channel- bars for that purpose. These channel-bars also

serve to keep the brush from lateral or endwise movement. The rope

for operating the brush passes over a pulley attached to the angle-plate,

and thence over the derrick-arm back to the scow ; but the brush might

be arranged upon the opposite side of the dredge, or the dredge be

turned around, in which case the rope might pass directly from the

brush to the scow, and the pulley then be dispensed with. An air-
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chamber or float attached to the top of the frame serves to prevent the

dredge from sinking too rapidly when lowered. The derrick-arm is

hinged to the carriage, is provided at its outer end with pulleys, over

which the ropes pass, and is held at the proper angle from the carriage

by tie-rods that reach from its outer end back to the carriage. The
carriage runs upon rails, secured upon and forming a track upon the

deck of the scow, and is provided with winding drums, over which the

ropes pass, and also with a drum, over which the brush-operating rope

passes. In operation, to lower the machine into the water, the drum
(/' will be turned to give the ropes i i perfect slack, which will throw
the weight of the machine upon the ropes jj and permit the grappling-

arms e e to drop to vertical position by the downward movement caused

by the weight of the bail g. The machine is then lowered to the bottom
by letting back the drum W. Having reached the bottom, the weight of

the machine will cause the arms c to penetrate the mud until the foot-

pieces b b rest upon the bottom. The drum <j' is then turned to wind
up the ropes i /, which will bring the grappling-arms ectoa horizontal

position, gathering upon them all of the oysters in their reach ; and the

turning of this drum g' is continued until the machine reaches the sur-

face of the water, at which point the turning will cease, aad the brush

Jc will be operated for cleaning the oysters by turning backward and
forward the drum j. This having been done, the machine is still fur-

ther elevated by turning the drum g' until a sufficient height has been
reached to clear the side of the small boat IV. The carriage is then

run back upon its track to bring the machine over the boat B'. The
drum A' is then turned to throw the weight of the machine upon the

ropes jj, whereupon the drum <f is set free for dumping the oysters

into the small boat. Finally, the carriage being moved forward to the

edge of the boat B, and the boat B moved forward or backward the

length of the dredging-machine, the operation may be repeated. In-

stead of using the drum h'', a cleat may be attached to the carriage C,

over which the ropes jj will be passed by hand, the rope being let off

from the cleat gradually, for lowering the machine; and instead of

placing the carriage C upon a track crosswise of the boat B it may be

placed on a track running lengthwise of the boat, so that the carriage,

instead of the boat, may be moved the length of the dredge at each
grappling. In this case movable blocks are used at the outer end of

the derrick-arm for bringing the dredge over the boat B' for dumping.

CLAIMS.

"1. In an oyster-dredge, the frame a, having the foot-pieces b, and the

grappling shafts d, having the arms or teeth c, and operating mechan-
ism for the said shafts, substantially as and for the purposes set forth.

"2. The combination, with the grappling-shafts (1 and teeth c, of the
brush /,-, arranged above the teeth, substantially as and for the pur-

poses described.
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"3. In an oyster-dredge, the combination of the cleaning-brush A-,

guides jOjP, the brush-supporting bars I I, cross-pieces s s, angle-arms r

r', and screws t, substantially as and for the purpose set forth.

"4. In an oyster-dredge, the combination, with the grappling arms
and their operating mechanism, of the cleaning-brush adapted to be

moved over the contents of the said arms or teeth and to be automati-

cally returned, substantially as and for the purpose set forth.

"5. In an oyster-dredge, the combination, with the bars I /, of the

brush 1c placed thereon, rope or chain m, and the spring o for returning

the brush, substantially as and for the purposes set forth.

" G. In an oyster-dredge, the combination, with the cleaning-brush,

rendered vertically adjustable by means of the screws t, and angle-arms

r r', connected to the brush-supporting bars, of the operating rope or

chainm and the spring o, substantially as and for the purpose set forth."

Ho. 284156.

(John N. Woodruff, Fairton, N. J.; patented August 28,1883; oyster-dredge. See

Plate XCL)

The dredge has a continuous shoe or runner ranging along the rake-

head or bar, to which the rake-teeth are fastened. This runner lies

obliquely with its forward edge about in line with the point of projec-

tion of the teeth from the rake-head, so that while the teeth will enter

the river bottom their entire projecting length, the dredge will be pre-

vented from sinking further into the soft bottom. The runner also

serves to smooth the bottom to leave it in better condition for the sub-

sequent planting and growth of the shell-fish. The rake-head is fitted

with a trailing basket, which receives the oysters as they are removed

by the rake teeth.

CLAIMS.

"1. In a dredge, a rake-head constructed with cross-bar a, teeth b,

secured to and projecting from the cross-bar, and a shoe or runner, c,

fitted obliquely with its forward edge about in line with the roots of the

teeth &, or the point where the teeth overhang or project from the bar

a, substantially as shown and described.

"2. The combination, with the rake a b c, constructed and operating

as herein specified, of the draft-frame c c'f and the trailing basket </,

substantially as shown and described. 7 '

No. 288650.

(George Merohant, jr., Gloucester, Mass.
;
patented November 20, 1883 : purse-block for

seines. See Plate XCII.

)

A pulley-block adapted especially for use in " pursing" the seine, and

having provision for the "purse-rope" and "bridle-rope," is substituted

for the ordinary purse-ring used in seines. Heretofore common iron
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rings have been placed where the blocks D are in Fig. 1, the bridle-

ropes C being- fastened to these rings, connecting with the seine, and

the purse-rope E passing through them and into the boat at X. To

raise the seine and remove the fish the purse-rope E must be drawn

into the boat, pursing up the seine and slipping through the rings.

There is necessarily much friction in this process, and consequently

much strength is required. To relieve this friction the pulley-blocks D
are presented. The purse-rope E passes over the pulley G in the shell

1)', and the bridle-rope passes under the cross-bar H (through the open-

ing I above the partition J), and is made fast to said cross-bar by means

of a cord, K, to accommodate which a gouge or depression, L, is made

therein. When the seine is pursed up, the pulley-blocks, being brought

close together, are in danger of lapping into each other

—

i. e., the shells

D' are apt to be forced in upon the pulleys Gr in the next blocks and in-

terfere with the pulleys and rope E. To prevent this the fenders S are

provided, one on each edge of the shell.

CLAIM.

" The herein-described purse-block for seines, consisting of the shell

D', provided with the fenders S, extending laterally across the same, on

opposite sides thereof, the horizontal partition J above the pulley G,

and the cross-piece n, located at the upper end of the frame, and pro-

vided with an indentation for the reception of the cord, by means of

which the bridle rope is secured, all combined and arranged substan-

tially as and for the-purpose set forth."

No. 256287.

(Jean Channier, of Lyons, France, assignor, by direct and mesne assignments, to

Pierre J. Boris, of Boston, Frank G. Kincaid, of Somerville, and Osceola A. Whit-

more, of Maiden, Mass.
;
patented April 11, 1882; machine for making fish-nets.

Patented in France October 30, 1S80. See Plates XCIII to C, inclusive.)

This invention relates to machines for making netting for seines of

the description known as the "diagonal mesh." The primary object is

to provide devices for tying the threads or cords automatically into

knots known as the " fisherman's" or "double-becket" knot, and similar

to those employed in the construction of hand-made nets. A further

object is to provide mechanism for producing a net similar to that made
by hand in a rapid and effective manner, and so to construct and ar-

range the knot-tyiug devices that the knots will be tied with great rap-

idity and in a manner which will prevent their slipping. The means of

forming the meshes and tying the knots may be illustrated as follows:

The thread-guide and lifter C2 rises vertically and lifts the warp-threads

W up to the thread- bearer n, the slots h of which have been opened to

receive the threads by the action of the pivoted arm C 8 striking against

the inner sliding section, A 2
, carrying the pins /r, drawing the pins back
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from said slots. At the moment the threads have reached the inner

ends of the slots the projection C G upon the thread-guide and lifter C2

strikes the beveled end of the sliding section h- of the thread-bearer,

and hence shifts the same, projecting the pins across the slots. The
threads will then be held by the inner pins—that is to say, the pins of

the sliding section h2 nearest the inner ends of the slots. At the same
time the brochenr frame D 2 assumes the slanting position shown in

Fig. 19, so that the brocheurs will be in the oblique position also shown
in said figure. This position on the part of the brocheurs and their

supporting frame allows the weft-threads from the reels to rest upon
the inner hooks of the fingers Gr, carried by the brocheur-frame, the

threads being held taut by means of the tension device within the

reel-carrier. The thread-bearer carrying the warp-threads then rises

to some extent and swings over toward the brocheur-frame until it

arrives at a position over the mold-bars, so that those portions of the

warp-threads forming a loop between said bars and the thread-bearer

will be in or about a vertical plane, as shown in Fig. 20. The thread-

leader also swings forward over the thread-lifter C2
, which meanwhile

has descended by the action of the cam-races, hereinbefore described.

This thread-leader in swinging forward strikes against those portions

of the warp-threads that are between the thread-bearer and the feed-

bar roller B, and brings these portions, which may be designated as

the " second " part of the warp-threads, alongside of those portions

between the thread-bearer and the mold-bars, which may be designated

as the "first" part of the warp, the leader continuing its movement
until it brings said second part of the warp-threads nearer the pointed

bars or fingers of the mold-bar, thereby forming a loop in each of the

warp threads. Meanwhile the brocheur-frame moves forward toward

the thread-bearer, and also makes a partial rotation about its axis to

bring its fingers into a horizontal position below the thread-holder and

between the several loops held by the thread-holder. The reels are now
upon the under side of the brocheur-frame and in a vertical position,

and the weft-threads, having been caught upon the outer hook of the

finger during the rotation of the brocheur-frame, will, in conjunction

with the loop formed by the two parts of the weft-thread, form a

triangle, as illustrated in Fig. 20. The thread-leader now holding

the second part of the warp-thread near the mold-bar, one of the

star-wheels will be so moved as to act upon the rack-bars on

the brocheur-frame and actuate the pinions thereon in the manner
before set forth. This causes a half-revolution of the brocheurs, the

free ends passing through the triangle of threads and around the loop

formed by the two parts of the warp-thread, which fall into or are

caught by the notch <P in the base plate of the brochenr as the brochenr

is swung from one center to the other, causing the weft-thread to take

a half-hitch around the loops, as shown in Figs. 21 and 21". In complet-

ing its half-revolution the free end of each brocheur will be caught upon
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the second head of the pair upon which it alternately turns, and as soon

as it is thus engaged the other end of the brocheur will be disengaged

from the head upon which it has made a quarter of a revolution, and it

will then make the next quarter of a revolution upon the second head.

The thread-bearer and the brocheur-frame then separate, the latter also

making a partial turn backward about its axis, whereby the hall-hitch

formed by the weft-thread around the loop of the warp-thread will be

drawn down toward the first part of the knot which is illustrated in

Figs. 21 and 21a. The thread-leader V then swings back to its first

position near the feed-bar roller, and the brocheur-frame and thread-

holder approach each other, assuming the position taken in forming the

first part of the knot, the thread-holder swinging as before and the

brocheur-frame moving toward the thread-holder and making a partial

rotation about its axis, to bring the reels underneath and in a vertical

position, as shown in Fig. 22. The thread-holder, in moving toward the

brocheur-frame, makes a partial rotation about its axis, so that it will

slant when it arrives in position over the finger of the brocheur-frame.

This movement on the part of the thread-holder is caused by its finger I
2

striking against the upper end of the vertical slide-bar I', which has

meanwhile been raised for such purpose by the cam L2 acting upon the

pin I on said bar I', already described. The slant of the thread-bearer

opens the loop in the warp-thread, as shown in Fig. 22, such action be-

ing effected by means of a pair of the pins that close the slot in the

thread -bearer, it being seen that the second part of the warp-thread will

be thrown away from the first part by the pin nearest the outer end of

the slot. The brocheur is then caused to return or make a half-turn in

the same manner, but in a reverse direction to that which it has made
in forming the first part of the knot, the secoud star-wheel coining into

play in this instance for the purpose of actuating the rack-bars that

cause a simultaneous movement of the pinions carried by the brocheur-

frame. In this movement of the brocheur the reel, with the weft-thread,

is carried through the loop formed of warp-thread, and this forms the

second part of the knot, as shown in Figs. 23 and 23a, which, when
tightened up, will not slip under any circumstances. The brocheur-

frame then moves back, and, making a partial revolution about its

axis, returns to its first position
; that is to say, the one which it occu-

pied preparatory to tying the first part of the knot, as shown in Fig.

19. The thread-holder swings away from the brocheur-frame and drops

the warp-threads, the arm C 8 striking one end of the inner section of

the thread-holder to effect such release of the threads. The feed-roller

bar also moves back, thereby drawing tha warp-threads and tightening

up the knot. The knots being tied upon the fingers of the mold-bar

and the mesh formed around them, the highest mold-bar upon which

the meshes have been formed drops, and is also shifted back a sufficient

distance to cause its fingers to slip out from the meshes formed and al-

low the same to be taken between the rollers, as shown in Fig. 24. As
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this mold thus moves back the second mold-bar is drawn with it by rea-

son of the connection between the two and the spring before referred

to. The second mold-bar having- thus shifted back and dropped, the

other mold-bar, which is now the highest, will take the place of the

mold-bar just employed, and the next row of meshes will therefore be

formed upon said highest mold-bar. The fingers of the two sets being

diagonally opposite each other, admit of the meshes being formed in

diagonal lines, and as soon as a Hue of knots have been tied, a line of

meshes formed, in the manner already described, and the warp-threads

taken up by the thread-holder, this thread-holder will be shifted to one

side by reason of the forked lever engaging it, so that the warp-threads

will be moved laterally, so that when engaged again by the weft-threads

the diagonal mesh will be formed. After the next series of meshes have

been formed, and the thread-holder, which, it will be remembered, re-

leased the warp-threads during the operation of tying the knots, has

again taken up the warp-threads, the thread-holder will be shifted in a

direction reversely to that just described.

CLAIMS.

" 1. The combination, with the devices for forming the warp-threads

into loops, of the brocheurs carrying the weft-threads, mechanism for

causing said brocheurs first to form a half-hitch of the weft-threads

around said loops, and then for passing the weft-threads through the

loops to complete the knot, devices for tightening the knots, and devices

for shifting the thread-holder so as to move the warp-threads laterally

in order to form the diagonal mesh, substantially as described.

" 2. The brocheur-frame, the brocheur carrying a reel, and mechanism
for causing said brocheur to turn upon two centers upon the brocheur-

frame to engage the weft-thread with the warp-thread in the manner
described, in combination with devices for manipulating and looping

the warp-threads, whereby the brocheur in turning upon one center will

pass the weft-thread around a loop in the warp-thread so as to form a

half-hitch therearound, aud in turning around the remaining center will

pass the weft-thread through the loop formed in the warp-thread to

form the second hitch and complete the knot, substantially as described.

"3. The combination of the oscillatory brocheur-frame, carrying a

series of pinions having heads upon their spindles, and a rack-bar for

actuating the said pinions with the brocheur carrying a reel and adapted

to engage aud turn with the heads of the pinion-spindles, substantially

in the manner and for the purpose described.

" 4. The combination of the oscillatory brocheur-frame provided with

the fingers having hooks, the brocheur supported by said frame and
carrying reels for the weft-threads, the swinging thread-holder for the

warp-threads, adjusted to be brought into position above the fingers of

the brocheur-frame, the thread-leader adapted to bring the warp-thread

down to form a loop, and mechanism for imparting the movements spec-
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ilied to the thread-holder and thread-leader, substantially as and for the

purpose described.

"5. The oscillatory broeheur-frame provided with a series of lingers

having- hooks, the rotary pinions d'\ Laving heads D 3 upon their spin-

dles, and the brocheurs D, each carrying a reel and formed with two
grooves capable of receiving the heads of the pinion spindles, combined
with mechanism for imparting the necessary oscillatory movement to

the pinions rZ'
1

, substantially as described.

" 0. The combination of the mold-bars M M' with the swinging thread-

leader V, the thread-holder H, constructed and adjusted to engage the

warp-thread and to coact with the thread-leader in forming the warp
thread into a loop above the mold-bars, the oscillatory brocheur-frame

d, the brocheur D, carrying a reel for the weft-thread and movable on

two centers, and a partrevolution upon a second center, in the manner
described, so as to carry the warp-thread through said loop, and mech-

anism for imparting the necessary movements to said devices, substan-

tially as described.

" 7. The combination of the oscillatory brocheur-frame, the brocheurs

D, carrying reels for the weft-threads, the pinions having heads upon their

axles for turning the brocheurs, the slidable rack-bar located to engage

said pinions, and the star-wheels adjusted to act at different periods

upon the rack-bar in order to reciprocate the same, and mechanism for

imparting the necessary movements to the slidable rack-bars and star-

wheels, substantially as described.

" 8. The combination, with the oscillatory brocheur-frame d, of the

brocheurs D, carrying reels for the warp-threads, the pinions dG
, carry-

ing the brocheurs upon their spindles, the slidable rack-bar engaging said

pinions, the segmental racks engaging said wheels upon the brocheur-

frame, the star- wheels, mechanism for intermittently actuating the star-

wheels, and mechanism for operating the brocheur-frame, whereby the

segmental racks oscillate the brocheur frame, substantially as described.

" 9. The combination, with the swinging bar H3
, carrying the thread-

holder H, of the thread-holder n, provided with devices for engaging

the warp-threads, and mechanism timed for sliding the thread-holder

upon its supporting-bar, substantially as described, and for the purpose

set forth.

" 10. The combination, with the supporting-barH :!

, carrying the thread-

holder H, of the vertically-movable bar I', and devices timed to raise

said vertically-movable bar in position to tilt the thread-holder so as to

spread the loop, substantially as described."

No. 262140.

(Nathaniel D. Sollers, Covo Point, Mil.
;
patented August 1, 1882; knitting-board for

manufacturing nets. See Plate CI.)

A board of nearly semicircular form is provided with a perforation,

through which a finger of the hand is to be inserted to hold it steady.
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If desired, a rest may be provided for another finger of the same hand
underneath the board. In the upper surface of the board, or in a plate

set therein, are perforations, in any two of which are inserted the two
ends of a holder. This holder is formed of a piece of wire doubled upon
itself in such maimer that one end will extend across the board at right

angles thereto and the other diagonally, giving a tapering form to the

holder, while the ends are bent downward to fit into the perforations to

hold the device in a plane parallel with the board. The loop cud of the

holder is bent slightly rearward and upward to prevent the meshes
from accidentally slipping therefrom in the process of knitting. The
forward end of the board, or that end next to the net, is provided with

a recess for giving sufficient room to the needle or shuttle in tying the

knots; and a hook is secured to the board near the recess for holding

the thread while the knot is being tied. The perforations are formed
on a graduated scale, whereby the holder may be so adjusted that the

meshes shall be made of any given size. The operation is as follows

:

After a beginning of the net is made a number of the meshes are en-

gaged with the holder D, and the thumb of the hand holding the board

is placed upon these meshes to hold them in position. It is to be un-

derstood that the net should be secured to some stationary object, so

that the operator can hold the meshes taut. The needle is then to bo

passed back toward the operator to engage the thread with the holder

D. This operation is facilitated by the rearward and upward curve or

bend at the loop end of the holder, as well as by the rounded and bev-

eled surface of the board, which serves to guide the thread to the

holder. The needle is then passed through the next adjacent mesh,

engaging the thread therewith, and the thread is drawn toward the

operator until the said mesh is drawn into such engagement with the

hook F that the hook will prevent the thread from slipping while the

knot is being tied. The thread is then passed to the left over the

meshes on the holder, and the needle is passed from the under side up
through the recess E, thereby forming a knot, which is completed by

drawing the thread toward the operator. The mesh engaged with the

hook is released in drawing the knot, and is passed under the thumb,

where it is held while another mesh is being formed.

CLAIMS.

" 1. A knitting-board for making nets, having a holder for the meshes

and a hook to prevent the thread from slipping while the knot is being

tied, substantially as shown and described.

"2. A knitting-board of nearly semicircular form, having a perfora-

tion through which a finger of the hand may be inserted, in combination

with an adjustable holder, substantially as described, and a hook se-

cured to the board to hold the thread in tying the knot, as shown ami

described."
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No. 295262.

(Erick Manilla, Astoria, Orcg.
;
patented March 18, 1884; machine for casting leads

on rish-nct lines. Sec Plates CTI and CHI.)

The lme is wouiid upon a reel, the circumfereuce of which forms one-

half the matrix in which the line lies, a projecting arm under which the

reel passes forming the other half. The molten metal is conducted into

the matrix and cut off by a trough which slides in the groove of an arm,

and is provided with a handle for convenient manipulation (Fig. 1).

This trough is perforated at intervals, and when pushed into its place

fits with its perforations over those in the groove. The two parts are

clamped together during the casting. The reel having the line wound
upon it is turned until one of its pieces, G, is brought under the arm B.

It is then clamped at its inner end by the vertically-adjustable pin J,

which is moved into connection with it. Its outer end is clamped by

the lever M. The matrices are formed by the grooves c g, in which the

line lies. The molten metal is poured into trough P and flows down
through the holes into the matrices, and is thus cast in each around

the line. The sliding trough is then drawn back sufficiently to cut off

the metal, the clamps are released, the reel drops, is relieved, and is

turned until its other piece G, is brought into relation with arm B,

when the operation is repeated. In this way many sinkers are cast upon
the line at regular intervals and at one operation.

CLAIMS.

" 1. In a machine for casting leads on lines, a reel or winch upon

which the line is wound, said reel having grooves in its circumference, in

which the line lies, and forming one-half the matrix, in combination with

a stationary piece having corresponding grooves, forming the other

half of the matrix, substantially as herein described.

" 2. In a machine for casting leads on lines, a reel or winch upon

which the line is wound, said reel having grooves in its circumference,

in which the line lies, and forming one-half the matrix, in combination

with a stationary piece having corresponding grooves, forming the other

half of the matrix, and a means for clamping the reel and stationary

piece together to form the matrix around the line, substantially as herein

described.

" 3. In a machine for casting leads on lines, the revolving reel P,

having cross-pieces G, on its circumference, provided with grooves g,

in combination with the perforated arm B, under which the reel revolves,

and provided with corresponding grooves, c, communicating with tbe

perforations in the arm, and forming with grooves g the complete matrix

around the line, substantially as herein described.

" 4. In a machine for casting leads on lines, the reel F, mounted on a

shaft adapted to have a vertical adjustment, said reel having cross-arms

G on its circumference, provided with grooves g, in combination with
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the superposed perforated arm B, having grooves c, and means for

clamping the reel up to the arm, to bring and hold the pieces G in con-

nection with the arm B, substantially as and for the purpose herein de-

scribed.

" 5. In a machine for casting leads on lines, the table A, arms D,

pivoted reel-shaft E, and reel F, mounted thereon, having the grooved

cross-pieces G, with slotted inner ends on its circumference, in combi-

nation with the perforated arm B, having grooves c, and the means for

clamping the reel up to the arm, consisting of the pin J, passing down

through an elongated slot, i, in arm B, and having a head, 1c, on its

lower end, and a cross-lever, H, on its upper end, adapted to move upon

a cam j, on said arm to vertically adjust the pin, substantially as herein

described.

" C. In a machine for casting leads on lines, the vertically adjustable

reel F, having the grooved cross-pieces G, with slotted inner ends in its

circumference, in combinatiou with the perforated arm B, having grooves

c, and the means for clamping the reel up to the arm at both ends, con-

sisting of the vertically-adjustable pin J, engaging with the inner ends

of the cross-pieces, and the forked lever M, engaging with their outer

ends, substantially as and for the purpose herein described.

" 7. In a machine for castiug leads on lines, the revolving reel F,

having the transversely-grooved cross-pieces G, in combination with the

perforated grooved armB, having transverse grooves, c, on its lower side,

and the sliding perforated trough P, all arranged aud operating sub-

stantially as herein described."

No. 257960.

(William R. McCord, East Portland, Oicg., assignor to himself, S. B. Story, C. W.

Prindlc, ami J. M. McCoy; patented May 16, 1882 ; fish-wheel. See Plate CIV.)

The specification and drawing in this case are in parts very obscure,

and are evidently the work of some inexperienced person. The follow-

ing is substantially the language of the description, from which the

reader will have to ascertain as best he can just how the apparatus is

constructed. The so-called slats seem to be at right angles to the axis

and parallel with one another. Two or three baskets on a shaft are

driven by the current. The baskets in small wheels are nearly semi-

circular at the back; but in larger ones this curve is spiral, having a

smaller and smaller radius as it approaches the center. When two

baskets are used, buckets are added for turning the wheel when both

baskets are horizontal; but with three baskets these are not necessary.

"In Fig. 4 a section of the back of the wheel is shown at an enlarged

scale, showing the slats O and the ends of the same where they enter

the crossbars on the ends of the wheel arms G. These pieces, O, are

made in this way so that they can be taken out when they are broken

by sturgeon or floating drift-wood, when, having a number of duplicate
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pieces, these are placed in the breaks and business proceeds without
delay."

At the lower ends of the slide-pieces C is a frame, II, having a pin at

its upper end in each side piece, and below it rests on the floor of the

fish-way, and in it are placed two or three grates hinged at the upper
ends, the lower ends being loaded to keep it from floating. When a
snag or stone comes through the road these open and let it go through
without breaking the grates. The grates form a weir to make the fish

rise toward the wheel. This is necessary on account of raising the

wheel from low to high water. The wheel is inclosed on each side to

insure the fish taking to the way.

" On each side of the wheel is an upright timber M, on which is

uailed a strip for a tongue, D, and on the central face of each of the

slides C are two similar pieces spiked thereto for guides, fitting over the

first, and on the side of C next the wheel (on either side) are two
wrought-iron hooks (not shown) which pass around to back or down-
stream side of M and prevent the loose sliding pieces C from becoming
disengaged. C is always on the upstream edge of M. At the top of

M a cap, K, is placed, having sheaves L, over which chains or ropes

pass to a windlass on the shore for raising or lowering the wheel.

''The wheel-arms G are so placed that they meet the cross-pieces

supporting the ends of the pieces O at the outer edge of the baskets

F, where the arms and cross-pieces are clamped together with a piece of

wrought or cast iron, N, and at the back of the baskets are similarly

fastened. The pieces are all bolted together wherever they cross each

other, and so form strong braces for keeping the wheel firm.

" The fish are discharged at points E E, on the shore side of the wheel,

behind and below the shaft, by sliding down an incline. (Shown by
dotted lines in Figs. 1 and 2.) This incline is a board floor placed in-

side the baskets F at the back side or shaft side, and in such a way
that the fish do not discharge until a certain point is reached, when
they slide out readily into a box placed at the side to receive them. In

this they are sorted, and the small ones returned to the stream. The
sides of the baskets F arc made of strips of plank screwed or nailed on

the inside of the wheel-arms, the outer ends being between two of the

segments O and the inside one bolted to the outer one."

The inventor says

:

" I am aware of many forms of fish-wheels, but that in which my in-

vention consists is the circular and partially spiral shape of the bas-

kets (so that the fish are taken without injuring them), and the baskets

themselves, made of pieces of wood or metal in the form shown, with

the slats, arms, and braces at the sides, and in combination the slide-

pieces and rising and falling grates in the fish-road, as stated, all made
in a similar manner of bars and slats."
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CLAIMS.

" 1. A fish-wheel, A, having baskets F in the form described, the

sides secured to the wheel-arms, 'the diagonal pieces G, aud the bottom

made of the segments O, as described.

"2. Pieces and frames H7
, rising and falling, as shown, on guides

D, in combination with the wheel."

No. 259143.

(Thomas Heaton, Vancouver, Wash.; patented June 6, 1882; mechanical device

for catching fish. See Plate CV.)

An endless chain passes over two skeleton wheels, one of which is

journaled in shaft supports upon two connected floats or boats, the other

wheel is submerged, the endless chain having nets for catching and

elevating the fish. The submerged skeleton wheel may be adjusted to

suit different depths of water, and instead of using the nets for catch-

ing fish, rakes, forks, or tines may be attached to the chain and used

for gathering and elevating oysters and clams.

CLAIMS.

" 1. The combination of two endless parallel chains on two skeleton

wheels and two floats supporting the same, whereby oyster-dredges,

fishing-nets, or sand-elevators may be operated as described.

"2. The combination, with floats having blocks g and carrying-shaft a,

of a submerged wheel D, having its axle suspended both from shaft a

by the rods/and by hooks and eyes from the floats, and held in any

desired position by the rods d, passing through loops e on said blocks

#, as shown and described.

"3. In combination with the boats or floats A A, skeleton wheel C,

journaled upon the boats, the submerged wheel D, hung on the rods//,

and the endless chains E, provided with the fish-nets F, the submerged

wheel being adjustable by means of the braces b b and the rods or

chains d d, substantially as and for the purposes described."

No. 264395.

(Samuel Wilson, Dallas, Iowa; patented September 12, 1882; fishing-wheel. See

Plate CVI.)

A large wheel is constructed of four or more segments which have

wire or other netting at their peripheral and side portions, but have

their upper projecting portions or scoop ends free. The openings com-

municate with an escape passage at the center of the wheel, which

leads to a chute leading to a cage-net, all so arranged that the wheel

being located in a fishway and rotated by the water flowing against it,

or by another wheel attached to the shaft outside of the fishway, the

mouths of the segments or the scoops will dip against the current—that
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is, will open at the rear of the wheel to the fish ascending- the stream

—

and will be entered by them as they attempt to pass under the wheel.

Then, as each segment rises, the fish will be scooped up, carried in and
shunted out into the chute, by which they will be delivered into the
trap-cage, to be taken out at pleasure. The wheel may be raised or

lowered as the depth of water varies.

Tackle, not shown, for hoisting the wheel will be used mainly in case

of raising the wheel for protection in time of floods.

CLAIMS.

"1. A fishing-wheel having sector-nets provided with mouths P and
discharge-opening I, in combination with a discharge-chute and a cage-

net, substantially as and for the purpose set forth.

"2. The combination, with a fishing-wheel having catching-nets, of

cage-net arranged to move up and down in guide-ways, and provided
with hoisting and lowering tackle, substantially as and for the purpose
set forth."

No. 301653.

(Thornton F. Williams, Cascade Locks, Oreg.; patented July 8, 1884; fishing-machine.

Seo Plate CVII.)

A wheel of revolving dip-nets is mounted on a scow that it may be
located in different positions. The supports of the wheel are upon an
extension of the stern of the scow, and the nets are provided with double-

inclined chutes, for discharging the fish out of each end of the wheel
into other chutes extending forward and discharging into the hold of

the scow, which may contain water for the fish, and the wheel-arms are

contrived with buckets for rotating the nets. The wheel consists of

axle a, arms b, rims c and d, and floats e, attached to the arms for turn

iug the wheel by the current of the water, the floats being on the out-

side of the arms and parallel to them, instead of extending across from

one arm to another, which would turn the fish away from the nets.

The wheel may have a crank and be turned by power from the scow or

elsewhere. The shaft is mounted in boxes /, which may slide on a single

post, g, by a clip, //, connecting it thereto. The boxes, being suspended
by cords i, form an overhead beam, j; or two posts may be used for each
box, to form guides between which the boxes may be fitted; or a sash-

frame connected over the top of the wheel and having the boxes in it,

may be arranged between the posts. The cords will pass over pulleys

at the top of the posts, and thence to a windlass Jc, on the scow, for

raising and lowering the wheel. The posts are attached to stern tim-

bers or keelsons I of the scow on, the posts being stayed by rods n. The
nets consist of two sides o, back p, and a rim-section, q, of wire-gauze at-

tached to the wheel-arms, rim-bars t, and backstays u, in snch arrange-

ment that the rim-section q and back p receive the fish entering be-

S. Mis. 70 67
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tweeii the sides o, gather them in as the nets rise out of the water, pass

them toward the center of the wheel, where there are double-inclined

chutes r, upon which the fish are delivered from the back p of the nets

as they revolve, and discharge them from the center of the wheel out

of both ends into long chutes w, alongside and parallel with the ends of

the wheel, to conduct the fish directly into the hold of the scow. These

chutes will have perforated or slat bottoms to allow the water discharg-

ing into them from the nets to escape, in order not to flow into and fill

the scow.

CLAIMS.

" 1. A fishing-machine consisting of revolving dip-nets having chutes

discharging at the ends of the revolving net-wrheel, supporting-posts

for said wheel, a scow having extension-timbers from one end for the

support of the posts, and chutes at the ends of the wheel to receive the

fish from the nets and discharge them into the scow, combined and

arranged, and the net-wheel being provided with means by which it is

turned, substantially as described.

"2. The combination of the revolving shaft a, carrying a series of

dip-nets having openings in their sides, with the series of double-inclined

chutes v, mounted on the shaft, and the inclined portions thereof resting

upon the lower back portions, p, of the nets, with their ends in line with

the openings in the sides of said nets, substantially as set forth."

No. 252466.

(Albert N. Iloxio, Foxborougb, Mass., and Edward Collins, New York, N. Y.
;
patented

January 17. 1882; fish-trap. See Plate CVIII.)

The posts of the trap are made hollow and of metal, and are strength-

ened by a movable frame, and by a rod at the top. The frame is about

the line of posts on both sides and serves as a buoy. It is attached

loosely to the posts, and is permitted to slide up and down, or may be

fixed to them. The separate net at the entrance to the trap is stretched

from a post in the entrance to the shore, and is on a line transverse to

the direction of the channel. Thus fish going up or down the river will

be directed into the trap, and thence will pass into the pound.

CLAIM.

"In a fish-trap, the posts A A, made hollow, and of metal, the said

posts being arranged as shown, the rods h, the frame G, and the net B,

all arranged and combined in the manner shown, and for the purpose

set forth."

No. 254989.

(Major B. Marshall, Vienna, Md.
;
patented March 14, 1882; fish-trap. See Plato

CIX.)

The trap is formed by poles driven into the bed of the stream near

its bank forming three jnclogures, one of spear-head shape, and two
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oblong'. To the pole is attached the netting which surrounds each in-

closure. One of the oblong iuclosures is smaller than, and is placed

within, the larger. The spear-head inclosure is closed at its bottom by

a netting. Each of the oblong iuclosures has an opening in its side

near the bank. The inner oblong inclosure has an opening in each end.

A net hedge runs from the bank of the stream through the center of

the side opening of the inclosure. This hedge prevents the passage of

the.fish up or down the stream and guides them into the inclosure. The
larger oblong has an opening at one end. From this opening extends

a net funnel into the spear-head inclosure through an opening in the

net and into the spear-head inclosure.

The inventor says

:

" I am aware that a seine provided with a netted or closed bottom has

heretofore been employed ; and 1 am also aware that a folding net com-

bined with an adjustable fish-pound to close the opening in the heart is

not new; and I am further aware that a net with a closed bottom and

having endless lines secured at their ends to the upper and lower ends

of the corners or angles of the net, which lines pass through upper and

lower holes in stakes planted in the stream, to which the corners of the

net are secured, by means of which endless lines passing through holes

in the stakes the bottom of the net may be raised up or hauled down,

has heretofore been employed, and I therefore lay no claim to such in-

ventions."

CLAIMS.

"1. The combination, with the stationary poles a and runner-poles h,

each provided with a hole, m, near its lower end, of the spear-head-

shaped net 7r, closed at its sides and bottom, and having cords I at the

angles of its bottom, substantially as described, and for the purpose

set forth.

u 2. The combination, with the spear-head-shaped net /;, provided with

the opening 7c', and secured to the stationary and runner poles a h, of

oblong figure c, inclosed by nets n n', and provided with the opening e

o, funnel _p, opening into the oblong figure c and spear-head, oblong fig-

ure d, concentric with the figure c, open at both ends, inclosed by the

net r, and provided with the opening e', and net u, extending from the

opening e' to the bank, and secured to the stationary and runner poles

a h, substantially as described, and for the purpose set forth."

No. 270411.

(James M. Frazer, Portland, Oreg.
;

patented January 0, 1883; fish-trap. See

Plate CX.)

In connection with a ponton or boat is a cage, and a lead-net, with

means for vertically adjusting and anchoring the same, the boat being

to receive the gage and lead -net, and permit them to be lowered into

the Vfl'ter bploff its bottom. The cage which constitutes the trap
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proper is rectangular in form, and is to stand in an upright position,

and move in the opening in the ponton. It may be constructed with

reticulated sides and back and with a slatted bottom, and be provided

at its top with crossing beams or pieces, while at its front it has inward

inclined or deflected rows of converging staple-shaped bars. The
staple-shaped bars are also arranged in a horizontal position, and

passed, those of one row through one corner-post or upright of the cage

at their looped or connected ends, while their other portions are passed

through a second upright of the cage, with their free ends extended

beyond the upright to a point a short distance forward and at one side

of a vertical plane passing centrally through the cage. The opposite

row of staple-shaped bars is similarly arranged and secured in position,

whereby a chute, having a narrow longitudinal opening, is provided to

direct the fish into the cage or trap. The cage is suspended and verti-

cally adjusted or raised and lowered by a rope or chain, passed through

tackle or pulley blocks connected to a cross-beam, a hook and ring,

and to the top crossing-bars of the cage or trap in a similar manner.

The beam is secured at one end, upon an upright, fastened to the boat

at the front side of the opening therein, and upon a cross-bar secured

to uprights, also fastened to the ponton at the sides of the opening

The rope or chain is further passed over a pulley supported upon the

upright, thence under a pulley at the lower end of the upright, and
finally connected to a winding apparatus upon the boat.

The lead-net B is hung in the opening in the boat, with its upper

edges connected to rods secured to the sides of the opening, while its

bottom may be made of slats, G, secured in a bottom frame to rods to

which it is attached at its lower side edges. The bottom of the net is

connected to the bottom of the trap at one end by eyebolts and hooks,

while the ends of the sides o± the net are connected by rings to bail-

shaped rods fastened to the corner-posts of the front frame of the trap

by their horizontal portions. The lead-net is connected near its outer

end to a bail to which is attached a, rope, passed up over a pulley, hung
upon a beam, secured to uprights, fastened to the sides of the opening

in the boat near its stern. This arrangement permits the raising and

lowering of the lead-net simultaneously with the vertical adjustment of

the trap in letting the same down into the water to entrap or impound

the fish, and removing the same from the water to enable the fish to be

taken from the trap, which is done through a door in one side thereof.

The lead-net is extended beyond the stern of the boat, the extension

being connected to booms anchored and hung at the stern of the boat,

on the sides of the opening therein, by swinging which inward that end

of the net is closed as the same is elevated to prevent the escape of the

tisli. The extension of the net is also weighted or anchored to resist

the action of the current by means of iron balls and chains or ropes,

with the ropes or chains connected to the extension. An oblique brace,

of which there arc two, has its upper end passed through the slot of a



[87] PATENTS ISSUED RELATING TO FISH AND FISHERIES. 10G1

bar fastened to the sides of the opening in the boat, near its stern,

while its lower end reaches down to the bottom of the net and near its

inner end, where the two braces are connected together underneath by
a cross-rod, supporting the bottom thereat. The upper eud of the

brace is confined in place by teeth in one end of the slot of the bar, en-

gaging teeth or notches in the brace, and a stud or projection, secured

in the side of the opening in the boat in such relation to the brace as to

hold its teeth or notches in engagement with those of the bar.

This apparatus permits fishing either in fresh or salt water and to a

depth of a single fathom or less, or to a depth of as many as 20 fathoms

or more.

CLAIMS.

" 1. In a fish- trap, the combination, with a ponton or boat A, having

an opening therein, of the cage B and a rope or chain passed over ele-

vated pulleys and under a pulley disposed to permit the convenient

manipulation of the rope or chain to move the cage up and down within

said ponton or boat, said cage having at its front side rows of inward-

projecting converging bars, providing a narrow entrance-opening

thereto, substantially as and for the purpose set forth.

" 2. In a fish-trap, the combination, with the ponton or boat A, hav-

ing an opening therein, of the cage B, having the rows of inward-pro-

jecting converging bars, forming a chute having a narrow opening, the

lead-net B', connected to the cage B and to the rods secured to the sides

of the opening of the ponton, and having an extension, G', hung upon

booms K, connected to the stern of the ponton, and means for raising

and lowering the cage and net, substantially as and for the purpose set

forth.

" 3. In a fish-trap, the combination, with the open ponton or boat A
and the lead-net B', of the oblique brace M, connected underneath the

bottom of the net by a rod, M2
, to a similar opposite brace, and the

mortised, notched, or toothed support M', and stud or projection/, sub-

stantially as and for the purpose set forth."

No. 306896.

(Carol F. Bates, Hughes Springs, Tex.; patented October 21, 1884 ; mixture for fish-

baits. No drawing.)

Half an ounce of asafetida is dissolved in one pin t of warm water.

To this is added half an ounce of oil of anise and half a pint of honey.

For buffalo fishing a bait composed of mush and raw cotton, dipped

into the mixture, is employed; but the mixture is to be used with fish-

bait of any kind.

The inventor says

:

" I am aware that the use of anise-oil and asafetida in similar com-

pounds to the one described by me is not new, and this I disclaim.'
1



1062 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [88]

CLAIM.

"A mixture for fish-baits that is composed of asafetida, oil of anise,

and honey, substantially as hereinbefore set forth."

No. 299690.

(Willis H. Sherwood, Saint Joseph. Mo.; patented June 3, 1884; fishing-bait kettle.

See Plate CXI.)

Within an outer pail is suspended a perforated sheet-metal or wire-

gauze pail of somewhat less diameter, leaving a space between the two.

The outer pail is provided with an annular rim, and downward extend-

ing flange. To the rim is hinged a perforated cover, which, in connec-

tion with the rim, entirely closes the top of both pails without the ne-

cessity of a supplemental cover. The flange holds the inner pail sta-

tionary. The pails have separate bails. To the bail of the inner pail a

cord may be fastened, so that when this pail is lifted out of the outer,

it can be anchored in water for the benefit of the bait. The perforated

pail is provided with a dipper, which is also perforated and provided

with a wire handle, whereby the minnows to be used as bait may be se-

lected at will.

CLAIM.

"The pail A, in combination with the perforated pail B, provided

with the rim b and flange c, by which the perforated pail is suspended

within the outer pail, and provided with the dipper E, substantially as

and for the purpose specified."

No. 299765.

(Richard K. Evans, Washington, D. C.
;
patented June 3, 1884; bait fish can. See

Plate CXII.)

To avoid the necessity of frequently changing the water that fish may
live, the wrater when depleted of air is reaerated by means of an air-

pump attached to the side of the vessel, the air passing up through the

water from a perforated pipe at the bottom of the can.

CLAIMS.

"1. The portable bait-can A, in combination with an air-pump, C,

and a pipe to conduct the air from the pump to a point below the sur-

face of the water in the bait-can, for the purpose set forth.

"2. The can A and air-pump C, in combination with the pipe/, pro-

vided with the return-bend g and perforated section h, all constructed,

arranged, and operated as described."
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No. 302086.

(Georgo W. Barton. Bethlehem, Ivy.
;
patented July 15, 1884 ; fisherman's minnow-

bucket. See Plate CXIII.)

The object is to provide a minnow-bucket in which the minnows may
readily and conveniently be selected and caught. A perforated, dished

false bottom slides on a vertical rod centrally fixed in the bottom of the

bucket. The false bottom may be raised and lowered by two spring-

rods fixed to it and provided with prejections which catch into loops on a

short transverse bar at the upper end of the vertical rod (as shown in

Fig. 1), to set the false bottom at any determined height, the projections

being released from engagement with the loops when it is desired to

lower it, by pressing the spring- rods together ; or the false bottom may
be raised by a spiral spring which encircles the central rod and has one end

bearing against the bottom and the other against a sleeve on the rod, to

which sleeve the false bottom is fixed, spring-catches at different heights

on the sleeve taking into a notch in the rod as desired, and when the

sleeve is turned so that the catches will be in vertical liue with the notch,

and the false bottom is either being raised by the spring or lowered by

pushing down the sleeve, all as showu in Fig. 2. Instead of several

spring catches on the sleeve and a single notch in the rod, there may be

a single catch on the sleeve and several notches in the rod.

CLAIMS.

" 1. In a fisherman's minnow bucket, the combination, with a central

guide-rod secured to its bottom, of a false bottom sliding on said guide-

rod, and provided with a handle having spring-catches engaging with

the guide-rod substantially as shown and described.

" 2. In a fisherman's minnow-bucket, the combination, with a guide-

rod, B, secured to its bottom and provided with notches, i, of a perfo-

rated false bottom, C, provided with the aperturcd tube E, spring-catches,

/, secured to said tube, and spring F, surrounding the guide-rod and

arranged between the false bottom and the bottom of the bucket, sub-

stantially as shown and described."

No. 302161.

(Thomas W. Rudolph, of Saint Louis, assignor of one-half to Charles D. Moody, of

Webster Groves, Mo.
;
patented July 15, 1884; minnow-bucl»et. See Plate CXIV.)

In combined minnow-buckets and minnow-nets here, the bucket and

also the net are provided with floating covers. The minnow-bucket has

a bail, and also a cover with a depression in its top for holding ice to

keep the contents cool. The depression is perforated for the purpose

of allowing the water from the melting ice to drip into the bucket. A
reticulated bucket of woven wire or fish-net is to be placed inside the

minnow-bucket. This wire or net bucket is provided with a perforated
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cover designed to float the bucket when in the water. If the inner

bucket is of net, it has a hoop at its top, having ears which pass through

slots made through the floating perforated cover to receive fastenings.

The ears may receive a pole when the net is used for catching fish. The
net may be provided with hoops between its ends for the purpose of

keeping it distended when in use.

CLAIMS.

" 1. The combination, with an inner reticulated bucket or net, of a

buoyant cover therefor, and an outer bucket inclosing both, substan-

tially as described.

" 2. The new article of manufacture described, consisting of a minnow-

net or reticulated bucket having j>erforated ears a a, a cover having

slots to receive said ears, and a float applied to said cover, substantially

as described.

" 3. A perforated minnow-bucket having a float attached to it, in

combination with an outer imperforate bucket, substantially as de-

scribed."

No. 307375.

(Charles F.Busche, Saint Louis, Mo.; patented October 28, 1884 ; minnow-bucket. See

Plate CXV.)

The invention relates to that class of minnow-buckets which float

when placed in the water. It is said that as heretofore constructed

such buckets have generally been provided with an air-tight chamber

in the lid to cause the bucket to float. The disadvantage of this con-

struction of bucket, it is declared, is that in lifting the lid, the air-cham-

ber beiug raised with it, the body of the bucket is tilted by transferring

the supporting air-chamber to one side, the result being the upsetting

of the contents into the larger bucket. To obviate this, the bucket is

made with an annular air-tight chamber, to which both the perforated

body and the lid are secured.

CLAIM.

"As a new article of manufacture, a minnow-bucket consisting of an

annular air-tight chamber, 0, having a lid, B, secured thereto, and a

perforated body, A, supported by the chamber, substantially as shown,

whereby the lid can be raised without disturbing the horizontal position

of the bucket, as set forth."

No. 253501.

(Edward Bourne, Allegheny, Pa.; patented February 14, 1882; sportsman's game-ring.

See Plates CXVI and CXVII.)

The ring is of a single piece of wire pointed at one end, which is bent

to form a hook. At the other end is formed a loop into which the hook

end is caught after passing it through the game that is to bo carried.
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Near the loo])end an eye is formed by which the ring may be suspended,

and below this eye the wire is bent to form an opening into which a

strap to be passed over tbe shoulder may be inserted.

CLAIM.

"The herein described sportsman's game-ring, constructed from a

single piece of wire bent to form a circular ring, A, an eye, e, for sus-

pending said ring, an opening, g, for the reception of a shoulder-strap, a

loop, 13, and a pointed end, 0, bent to form an open loop or hooked end

to engage said loop D, as specified."

No. 276945.

(Addison White, Huntsvillc, Ala.
;
patented May 1, 1883

; game carrier. See Plate

CXVIII.)

A frame of a single piece of wire with loops or eyes, formed at opposite

sides thereof by coiling the wire at unequal distances from one end.

The frame thus constructed has two arms, the ends of which are bent

to form hooks which are passed through the game and engage with the

loops. A strap or belt with swiveled snap hooks at the ends may be
used to suspenfl the frame from the shoulders.

CLAIMS.

" 1. A game carrier or holder consisting of a wire frame, A, having

loops a a at opposite sides thereof, and arms c d, provided with hooked

ends e e, adapted to engage with the said loops, substantially as de-

scribed.

" 2. In a game carrier or holder, the combination, with the frame A,

having loops or eyes a a at opposite sides thereof, and hooked arms c

(1, adapted to engage therewith, of the snap-hooks B B and strap C,

substantially as described."

No. 278856.

(William F. Benedict, New York, N. Y.
;
patented June 5, 1883; basket. See Plate

CXIX. )

To strengthen and protect baskets used for carrying heavy matter,

such as coal and oysters, they are provided underneath with perforate

or imperforate metallic bottoms, and at their sides may also be* pro-

vided with metallic strips which turn down over the brim. Bequisito

metallic handles are fastened to opposite strips, and pass over the

basket handles. The bottom and strips are bolted to the basket or

splint body.

CLAIMS.

'' 1. In combination with the basket A and handle a2
, the strip F,

covering the said handle, cross-strip d', riveted to the ends /of the said
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strip F, and the side strip D, secured to the said cross-strip (V and con-

nected by its lower end to the bottom of the basket, substantially as

and for the purpose hereinbefore set forth.

" 2. The combination of the basket A, the metallic bottom-protector

B, the rim surrounding side strip C, the handle a3
, the metallic strip F,

the cross-strip d', and side strip D, all constructed and connected to-

gether substantially as and for the purpose hereinbefore set forth."

No. 257597.

(Samuel N. Long, West Harwich, Mass.; patented May 9, 1882; fishing apparatus.

Seo Plate CXX.)

This invention relates to that class of fishing apparatus in which a

bag or pocket is attached to the side of the vessel, into which the catch

may be discharged from the seine and kept until wanted.

Booms attached to the rail support the bag or pocket. Guys are

attached to the outer ends of the booms, and have their inner ends

secured adjustably to the side of the rail to enable the booms to be ad.

justed horizontally. Coiled springs are secured to the masts of the

vessel by ropes, which pass through and are firmly attached to both

ends thereof. When the springs are compressed the ropes which pass

through them are slack. When the springs are expanded the ropes are

tightened, but then prevent further expansion of the springs. The

ropes are reeved through blocks attached to the outer ends of the booms,

thence up through blocks or dead-eyes at the lower ends of the springs,

thence through blocks attached to the rail of the vessel at the inner

ends of the booms, and finally are attached to fastenings on the deck.

By this tackle the outer ends of the booms may be adjusted vertically.

The object of the springs is to relieve the masts in case the vessel

rolls and the pocket is heavy with fish. Around the sides and ends

of the pocket is passed a stout rope, which strengthens and enables

it to support the weight of the fish. Ropes are attached to the outer

ends of the booms and reeved through the ends of the pocket, passing

under the same through suitable rings or eyes. The inner free ends

of the ropes may be made fast upon the deck of the vessel.

In operation the ropes are slackened until the outer edge of the

pocket comes below the water-line. The end of the seine has been

previously attached to the edge of the pocket, and the men in the

seine-boat then commence hauling in the seine, thus forcing the fish

from the latter into the pocket. When the seine has been hauled in

and its entire contents discharged it is detached from the pocket, and

the outer edge of the latter is then, by pulling the ropes, hoisted to

the desired height above the water-line, thus preventing the escape of

the fish.

When the iish are to be removed from the pocket the latter may be

gradually pursed up by moans of the ropes under it.



[93] PATENTS ISSUED RELATING TO FISH AND FISHERIES. 1067

CLAIMS.

" 1. The combination of the booms C, the bag or pocket D, the blocks

ITU, ropes H, and coiled springs F, all arranged and operating sub-

stantially as and for the purpose set forth.

" 2. The combination, with the vessel A, of the booms 0, the bag or

pocket D, attached to said booms and to the side of the vessel, and
having rings or eyes M, and the ropes L, attached to the outer ends of

the booms, reeved through the eyes M, and having their inner ends

secured adjustably to the deck of the vessel, as set forth."

No. 268558.

(Michael S. Small, Capo Elizabeth, Me.; patented December 5, 1882; fish-sack. See

Plate CXXI.)

A floating fish-sack to be attached to the side of a vessel for holding

the fish that have been caught in the large seines. Suspended from

the side of a fishing vessel by ropes is a square sack of heavy twine

netting secured to a line which runs around its top and from which it

hangs. Above the hanging-line on two sides of the sack are two flexi-

ble cylindrical floats. These floats are composed of a series of small

cork seine-floats, arranged contiguously along a lace-line, and so closely

placed as to make one long cylindrical float. They are fastened to the

hanging- line by the ends of the lace-line, and the lace-line and hanging-

line are further held together by seizings. The cylindrical float is suf-

ficiently flexible to bend and turn to the undulations of the waves. No
matter how much the vessel may roll, the sack will not "churn," but

only rise and fall with the surface of the water. Fastened to the hang-

ing-line at the outer side of the sack are the looped seine-line for attach-

ment of the seine, seizings, and stop-lines. Projecting over the side of

the vessel is a boom, and running through a block, a, the end of the

boom is a painter-line. This line is represented as hooking into one of

the loops at the outer corners of the sack. When in the water the inner

ends of the floats rest against the vessel's hull, and projecting outward

at right angles keep the mouth of the sack extended. If there is a

tendency of the floats to drift in against the vessel's side, the painter-

line can be hooked into one of the loops and drawn inboard with suffi-

cient tautness to keep the float extended under the boom. As soon as

a school of fish have been caught in a large seine it is brought alongside

the fishing vessel and the sack is lowered over the side, the suspending

ropes being made fast to some point along the vessel's rail. The seine

is then attached to the sack by taking a number of the floats on the

hanging-line of the seine, gathering them into a compact bundle, and
passing this through one of the loops of the seine-line. The stop-line

is then passed over the seine-line aud tightly tied. This operation is

repeated until all the loops across the front of the sack contain a bundle

of seine buoys. Tims the seine and sack are securely fastened together.
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The fish can then be easily transferred from the seine to the sack. After

the fish have all been transferred the stop-lines are unbound and the

seine is taken away. In order that the weight of fish contained in the

sack shall not sink it far below the surface of the water and permit the

contained fish to escape as fast as a stop is untied and a bundle of seiue-

iloats is withdrawn, a movable buoy or float is substituted, so that when
the seine is taken away there will be a series of buoys attached to the

hanging-line along the front of the sack, having sufficient buoyancy to

keep the sack floating. The sack can readily be taken from the water

folded into a compact mass.

CLAIMS.

''1. A floating fish sack or pocket provided with the flexible buoy or

float D, consisting of a series of small floats, d d, arranged contiguously

upon a lace, /, and seized to the hanging line at intervals, as shown,

substantially as and for the purposes set forth.

"2. A floating fish pocket or sack consisting of a box-shaped netted

receptacle, B, suspended from the hanging-line C, the flexible buoys or

floats D, made as described, centrally pierced by the lace-line/ and se-

curely fastened to said hanging-line C by means of the lace-line/ and

seizings h h, the seiuedine H, made secure to the hanging-line by seiz-

ings (j g and the stop-lines nn, for the purpose of binding a bundle of

seine-floats into the loops between said seine-line and said hangiug-line,

all constructed and arranged substantially as set forth."

No. 292123.

(Richard A. Lindsay, Baltimore, Md.
;
patented January 15, 1S84 ; live-box for fish.

See Plate CXXII.)

The top is buoyant, and has a door for introduction of the fish. The

bottom is non-buoyant, and is of perforated metal or of wire-work, or

may be imperforate. The top and bottom are connected by cord-netting,

which forms the sides and ends, and permits the top and bottom to be

brought close together, so that the device will occupy a greatly reduced

space in transportation.

CLAIM.

" In a fisherman's live-box, the combination of a rigid buoyant top

having an opening for the introduction of fish and a hinged door to

close the said opening, a rigid non-buoyant bottom, and cord-netting

sides, substantially as and for the purpose specified."

No. 265544.

(Diedricli Schmidt, Now York, N. Y.; patented October :?, 1882 ; fish-safe. See Plate

CXXIII.)

The object is to prevent salted fish from losing in weight by the evap-

oration of the water in the. same. A case is provided with a slatted



[9")] PATENTS ISSUED RELATING TO FISH AND FISHERIES. 1069

Door for receiving a box containing- salted fish, and below the slatted

Door there is a water-pan, which fills the case with moisture and pre-

vents the rapid evaporation of the water in the salted fish. There is a

second slatted Door above the first, above which upper Door the sides

of the case and the upper door are provided with glass panels. The
smoked fish on the upper slatted Door will be exposed to view by the

glass. The upper floor, E, can be made solid, in place of being made
of slats.

CLAIMS.

• k 1. In a fish-safe, the combination, with the box A, of the doors O
and D, the slatted floors E and F, and the water-pan G, substantially

as herein shown and described, and for the purpose set forth.

" 2. In a fish-safe, the combination, with the box A, of the doors

and D, the slatted floors E and F, the glass panels J, and the water-pan

G, substantially as herein shown and described, and for the purpose set

forth."

No. 291195.

(Ralph S. Jennings, Boston, Mass.; patented January 1, 1884 ; fish package. See

Plates CXXIV and CXXV.)

The claims describe the package and fully set forth the invention be

lieved to be involved in the case. Fig. 2 of the drawing exhibits a

supposed course or movement of air.

CLAIMS.

" 1 . The herein-described portable package for transporting fish, it hav-

ing a tight top and bottom and tight sides, except that one side has au

air-aperture at or near the bottom, and the other side has another air-

aperture at or near the top, in combination with partitions or shelves

formed of narrow cross-bars constructed to allow large air spaces be-

tween them, and arranged, substantially as set forth, to compel the air

which enters the lower aperture through the side of the package to

move in a broken or circuitous passage to the upper aperture, substan-

tially as set forth.

'" 2. The herein-described portable package for transporting Dsh, it con-

sisting of an outside casing and interior partitions or shelves constructed

of strips or supporting-pieces arranged to allow a free passage of air

between them, and each arranged to project part way across the side of

the package opposite to the side from which the adjacent partitions or

shelves project, and air apertures through the sides of the casing, sub-

stantially as set forth.

"3. In a portable package for transporting fish, the combination of

the external casing and theinterior partitions or supports, each having

at one edge a cut-away portion or passage for air, and means, substan-

tially as set forth, to prevent the fish from moving over said passage."
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No. 295517.

(Charles A. Bergtold, Now York, N. Y.; patented. March 25, 1884 ; fish-hox. See Plato

CXXVI.)

The outer or main part of a double box is provided with a removable

cover, at one extremity whereof is placed a block whereon the fish are

dressed. A door or cover shuts over the inner box, and is provided

with a glazed panel. This cover is hinged to the first named, and,

when opened, rests against two supports at its back. At one extremity

of the main box arc located a towel-holder and a receptacle for the

knife used in preparing the fish for use. The inner box is supported

upon cleats vertically located at each corner against the wall of the

outer box, extending to the bottom thereof, serving to support the in-

ner box and strengthening the outer one. At the bottom of the inner

box is a trap, through which the space between the bottoms of the two

boxes may be reached, as the upper box is much less in depth than the

outer, the trap being provided with handles for removal. Across the

bottom of the main box extend two cleats cut away in the center. The
walls of the inner box are perforated with small holes, and the top of

the cover to the main box is perforated in like manner. In using this

fish -preserving box a sponge or woolen cloth saturated with water,

whereiu salt and alum have been dissolved, is placed in the open space

between the bottoms of the two boxes and the fish are put into the in-

ner box. The evaporating moisture from the sponge or cloth charges

the air between the two boxes, and that in the inner box, keeping the

fish fresh, and any deleterious oders that, if confined, would hasten de-

cay of the fish, pass out through the perforations in the cover.

CLAIM.

'•A fish receptacle and preserving device consisting of main box A,

having handles D, towel-holder B, knife support 0, removable top G,

having depending edges g, perforations g', and dressing-block L, inner

box I, having lip 1', handles i, trap J, and perforations g', the main box

being provided with cleats E and F, and the whole combined and ar-

ranged to operate substantially as shown and described."

No. 300061'.

(Spencer Leo Eraser and William A. Brighain, Toledo, Ohio; patented Juno 10, 1884
;

oyster refrigerator. See Plato CXXVII.)

The refrigerator-box is divided horizontally at or near its middle by

a perforated partition, upon which the ice is placed. This partition

has a central opening, through which is inserted a receptacle, into which

the articles are placed. This receptacle rests upon the bottom of the

box, and is retained in a proper central position by a partition. The

box is provided with a cover, which has a central opening, which, when

the cover is in position, is directly over the mouth of the receptacle.
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The receptacle extends upward so far that it is closely surrounded by
the cover, which thus assists the partition in retaining the receptacle

in proper central position, and also closes the box entirely, while

leaving the receptacle open. An independent cover is provided for the

receptacle, the ice in the box remaining thus at all times covered and
unexposed to the air at any time. The ice on the shelf, by direct con-

tact, cools the upper portion of the receptacle, and the drip-water and
cold air which settle in the lower compartment of the box keep the

lower portion equally cool. Only the upper half of the receptacle is

surrounded by ice. In addition, the shelf acts as a partition to keep

the drip-water from collecting around the ice. The drip-water may be
removed by a faucet in the lower part of the box. A pipe, which is

shown as extending upward from the lower compartment of the box

and communicating with the external air, is provided for purposes of

ventilation.

CLAIMS.

" 1. A refrigerator-box and a food-receptacle contained therein, in

combination with a cover for said box, provided with an opening

adapted to encircle the top of said receptacle, whereby access may be

had to the receptacle without exposing the contents of the box, sub-

stantially as set forth.

" 2. The refrigerator-box a, the perforated shelf d, and the receptacle

B, in combination with the box-cover F, provided with a central open-

ing, E, adapted to encircle the top of the receptacle B, and the cover Gr

of said receptacle, substantially as set forth."

No. 259442.

(William West, Keene, Ontario, Canada] patented June 13, 1882; can-filling appara-

tus. See Plates CXXVIII to CXXX, inclusive.)

The invention is an improvement upon an apparatus patented to John
West and E. D. Hume, October 19, 1880, No. 233449, and consists in

certain details of construction by which the material is delivered be-

neath the vertical plunger in a better manner, the operation of the

cutting-knives is more perfect, and the knives are less liable to become
dulled. A is the main shaft, having fixed to it the spur gear wheel B,

which meshes with the pinion C upon the driving-shaft 1), by which it

is rotated. Upon the shaft A is a cam which actuates a vertical rod,

F, having guides and an anti-friction roller. This rod has its upper end

connected with a horizontal lever-arm, G, one end of which is pivoted

to a standard on the table or frame which supports the mechanism, and

the other end is connected by a rod or link, H, with the plunger I, so

that the rotation of the cam will cause this plunger to be elevated, and

its weight, or, if desired, a spring, will carry it down when released.

This plunger is guided, as shown, and moves in a corresponding chute,
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J, to force the fish down into the compression cylinder below, alter the

fish has been placed beneath the plunger by a reciprocating carrier, K,
which moves in a trough, L, and is operated by a peculiarly-shaped

lever-arm, M, notched or forked at M', so as to be driven from the ver-

tically-reciprocating bar N". A horizontal lever, O, actuated by a spring,

P, and a cam, Q, on the end of the shaft A, moves the bar N up
and down. The upper end of this bar has a rack, E, formed upon
it, which engages with teeth S, circularly placed upon one side of a

hinged swinging plate, T, and by the vertical reciprocation of this rack

the plate T is caused to swing up to admit the forward movement of

the carrier K, with the fish which has been placed before it, and after

the carrier has been withdrawn it swings down, so as to complete the

movement of forcing the fish into the chute, and also to form a wall at

that side while the plunger passes down. The compression-cylinder

into which the fish is forced by the plunger 1 is placed at the bottom of

the chute, similarly to the one shown in the patent referred to,- but the

knife V, by which the fish is cut and shaped, is a single one, working
entirely in one direction. This knife is in the form of a cylinder, hav-

ing an opening cut out of oue side equal in its dimensions to the size of

the chute through which the fish is forced down, and as this cylindri-

cal knife has its open side uppermost when the plunger I is forcing the

fish down it receives enough to fill it. The knife then rotates upon its

axis sufficiently to cut off the cylinder full and at the same time close it

off from the chute. A horizontal knife, 2, is so placed that its edge is

opposite to and assists the cylindrical knife. This knife V has a flange,

W, upon one end, the flange having notches X X upon opposite sides of

its periphery, as shown, and these notches are engaged successively by
the point y of a curved cam-shaped lever, Z, which is pivoted to a disk,

i, on the side of the eccentric-gear wheel a and rotates with it. A
spring, b, holds the point y in contact with the periphery of the flange

W, and when, in the rotation of the gear-wheel, it reaches one of the

notches X it will fall into it and carry the knife along until the point y
is lifted out of the notch by the action of a stationary pin, c, on the back
ofthe cam-lever Z, the pin being fixed to the outside of the chute. When
this occurs the knife remains stationary until the point y engages the next
notch X and again moves the knife. By this action the knife is left

stationary when its open side is uppermost and in line with the chute,

so as to receive the fish, and again when in the opposite position and
while the fish is being forced out of the compression and forming cylin-

der into the can. The knife is driven at a varying rate of speed by
means of the two eccentric gears a a', one of which carries the actuat-

ing cam-lever, as before described, while the other, a', which is the
driver, is mounted upon a shaft, this shaft carrying a bevel-piniou, d,

and the bevel-gear wheel e upon the main shaft A meshes with and
drives it. The disk i upon the side of the eccentric gear a is held and
adjusted so as to regulate the movements of the knife by means of ;i
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screw, /, which passes through slots in the gear a, so that it may be

moved around the axis, and thus change the position of the cam-lever

Z relative to the flange W. The knife is moved slowly when its open
side and cutting-edge arc downward, and it is moved at its greatest

speed when the open side is upward and the inclined cutting-edge is

moving across the chute to cut off the supply. The piston g moves
through the center of the cylindrical knife and forces the fish from it

into the extension h, upon which the can fits, as described in the former

patent above referred to. The movement of this piston is effected by
means of a pin, i, projecting from the disk j on the end of the shaft A,
this pin striking an arm, 7c, which projects downward from the guide

extending in rear of the pistons. A bent arm, I, pivoted to the frame

below, has a pin projecting in front of the arm fc, and the arm I is acted

upon by the pin upon the disk, so as to return the piston after it has

been forced forward, in the same manner as shown in former patent.

A vertically-sliding knife or plate, m, is formed across the space between

the cylindrical forming-knife and the rear part of the extension h upon
which the can fits, as soon as the piston has been withdrawn past that

point, and thus closes the end of the cylindrical knife and former for

the introduction of another charge by the plunger moving in the chute.

The sliding knife m has a stem projecting downward, and a spiral or

other spring, n, acts against a pin or shoulder to return the knife after

it has been drawn down and then released. The knife is drawn down
out of the cylinder by means of an arm, o, one end of which is connected

with the stem of the knife, while the opposite end is curved and brought

into such a position relative to a cam, p, upon the main shaft that as

the shaft rotates the cam acts upon the lever, moving it about its ful-

crum until the knife is drawn down, and then releases it, so that the

spring throws it back again. When the supply of fish within the ver-

tical chute is sufficient the swinging gate T is prevented from opening

by a latch, r, a notch in which engages one of the pins or teeth S (by

which and the rack R it is operated), and thus holds it against the

action of the spring ? until the latch is tripped and the gear released.

As long as the chute contains a quantity of fish the plunger I will not

descend very low; but as soon as the quantity diminishes to a certain

point an arm, t, which is secured to the upper part of the plunger and
moves with it, passing down outside the chute, will strike the rear end

of the latch r, and thus disengage it, so that the gate can operate. The
cam which moves the lever by which the plunger is actuated may be
turned upon the shaft, so as to regulate the movement of the plunger,

by means of a screw, E', passing through a slot in a disk upon the main
shaft, the cam lying in contact with the disk.

CLAIMS.

"1. In a can-filling apparatus, and in combination with the vertical

fish-receiving chute J and the vertically-reciprocating plunger I, guided

S. Mis. 70 G8



1074 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [100]

as shown, the cam E, adjustable upon the driving-shaft, the vertical

rod F, the lever-arm G, and the connecting rod or link H, substantially

as and for the purpose herein described.

"2. The horizontal trough L, opening into the upper part of the chute

J, in combination with the reciprocating carrier K, movingin said trough,

so as to transfer the fish into the vertical chute, substantially as herein

described.

" 3. In combination with carrier K, moving in the trough L, the lever-

arm M, connected with the carrier by a link, and having the fork or notch

M', in combination with the vertically-reciprocating bar N, substantially

as herein described.

"4. The hinged swinging-gate T, opening or closing the passage

between the trough L and chute J, and having the toothed segment S,

in combination with the reciprocating bar N, with its rack 11, engaging

said segment, substantially as herein described.

"5. The bar N, moving in guides, as shown in combination with the

lever O, cam Q, and spring P, substantially as and for the purpose

herein described.

" 0. The cylindrical receiver, having one side open and the edge form-

ing a knife, V, so that a supply of fish may be forced through the open-

ing from the chute J, and cut off and formed to enter the can by the

rotation of the knife, substantially as herein described.

" 7. The cylindrical knife and shaper V, turning within the chute J,

and provided with the flange W, in combination with the curved lever

Z and rotating gear-wheel a, substantially as herein described.
u 8. In combination with the cylindrical knife and shaper V, with its

notched flange W, and curved operating-lever Z, the disk i, supporting

the lever, and adjustable upon the gear a by slots and screws /, so as

to regulate the movements of the knife, substantially as herein de-

scribed.

"9. The cylindrical knife and shaper V, with its notched flange, and

the curved pivoted lever Z, and spring &, rotated by the gear-wheel a,

in combination with the stationary pin c, whereby the pawl y is disen-

gaged at each semi-revolution of the knife, substantially as herein de-

scribed.

u 10. In combination with the hollow rotating knife and former V,

operating within the chute J, as shown, the eccentric gears a «.', mesh-

ing with each other to drive the knife with a variable speed, substan-

tially as herein described.

" 11. In combination with the hollow intermittently-rotating cylin-

drical knife and former V and the eccentric driving gears a a', the piston

y, reciprocating through the cylindrical knife and the .sleeve upon

which the gear a turns, and the stem or extension h, operating lever

and cam, substantially as herein described.

" 12. The hinged swinging-gate T, toothed segments S, and vertically-

moving bar N and rack 11, in combination with the latch r and the arm



[101] PATENTS ISSUED RELATING TO FISH AND FISHERIES. 1075

t, connected with the pixmger, substantially as ami lor the purpose
herein described."

No. 262575.

(Augustine Crosby, Benton, Me.; patented August 15, 1882; machine for filling cans
with meat, fish, &c. See Plates CXXXI and CXXXII.)

In some can-filling- machines apair of semi-cylindrical knives or cut-

ters rotating about a longitudinal axis, one within the other, in con-

centric circles, have been employed to cut the meat, fish, &c, delivered

thereto from the chute or hopper and properly shape it to fit into the

can to be filled. These cutters, when opened to their full extent by ro-

tating them on their axis, so that one will lie snugly within the other,

form a semi-cylindrical chamber or receptacle of a size and shape
adapted to contain only one-half of the contents of the can to be filled,

the meat or fish in the chute above being forcibly pressed directly down
into the receptacle, and extending up above the upper edges of the

cutters, which, as they are rotated, cut off a portion of suitable size and
shape to fit the can to be filled, and as the meat or fish is soft and elas-

tic, the mass of material above the cutters must be held down while

they are operating, in order that a sufficient quantity may be cut off to

properly fill the can. It is declared that to effect this pressure requires

the expenditure of considerable power, while the mechanism employed
within the chute to produce this pressure is in the way and interferes

with the proper, sorting and arranging by hand of the pieces of meat
or hsh before they reach the cutters, while the juices are expressed and
escape at various points, thus running to waste, whereby the quality

of the meat or fish is injuriously affected ; that furthermore, as the cut-

ters lit one within the other when opened, they do not form a true

circle when closed up to make the cut, and it therefore becomes impos-

sible to make the cylindrical plunger employed to force the substance

into the can fit accurately within the chamber formed by the closed

cutters, the space thus left between the plunger and the interior of the

cutters affording an opportunity for tough fish skins and sinews to

catch between the edges of the cutters and become twisted or jammed,
and hence not to be carried forward by the plunger, when they will ac-

cumulate and cause the machine to become clogged, while it frequently

happens that one end of a long piece of skin or sinew will become
caught while the other end is carried by the plunger into the can, and
when the latter is removed from the machine its contents will be drawn
out in consequence of one end of this piece of skin being still held

fast in the machine, causing much delay and waste of time and mate-

rial. Finally, in some machines the meat or fish is forced into a nearly

circular die or receptacle and cut off by a straight knife; but this con-

struction is declared to be objectionable, as the portion of meat or fish

is not properly shaped to fit the can, being left flat on one side, and a
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great pressure Las to be exerted to force the meat or fish into the die,

while all of the machines heretofore constructed^for filling cans employ

springs, and are, it is said, generally complicated and liable to get out

of order on account of the great variety of irregular movements nec-

essarily imparted to the different portions of the mechanism. This in-

vention has for its object to overcome all of these difficulties ; and it

consists in the combination, with the chute, of a pair of semi-cylin-

drical knives or cutters so pivoted together as to open and close in the

arc of a circle having its center in or near the line of their circumfer-

ence, whereby they are adapted, when open, to receive the material from

the chute, and when closing or advancing toward each other to gather to-

gether, cut off, and firmly compress the material received from the chute

and properly shape it to fit the can to be filled, thus dispensing with the

heavy pressure heretofore required to force the material from the chute

to the cutters; also in the combination, with the chute and a pair of seini-

cylindrical shaping and compressing cutters, constructed and operating

as described, of levers secured to said cutters and actuated by cams;

also in the combination, with a pair of semi-cylindrical shaping and

compressing cutters so pivoted or hinged together as to open and close

in the arc of a circle having its center in or near the line of their cir-

cumference, and form when closed a true cylinder, of a reciprocating

piston or plunger adapted to accurately fit within the space or chamber

formed by the said cutters when closed, and thereby insure the dis-

charge of the entire contents of the chamber, whereby the machine is

prevented from becoming clogged by the introduction of any portion of

the material in the chamber between the piston and the inner surfaces

of the cutters; also in providing the piston or plunger with an auto-

matic vacuum-valve for admitting air into the chamber in which the

meat or fish is compressed, for the purpose of preventing the formation

of a vacuum therein on the withdrawal of the piston
;
also in the com-

bination, with the semi-cylindrical shaping and compressing cutters,

constructed and operating as described, and the casing and chute, of

a. reciprocating piston or plunger actuated by certain mechanism, as

hereinafter set forth, whereby the machine is simplified and rendered

more durable and effective in its operation ; also in the combination,

with the reciprocating piston and its actuating mechanism, of certain

mechanism for operating the semi-cylindrical cutters, so constructed

and connected as to cause the cutters to be entirely closed to form a

true cylinder before or immediately after the piston reaches them on its

forward stroke; also in supporting the can upon a series of bars of \J

or V shape in cross section, so arranged as to form exit-passages for

the escape of the air from the can while it is being filled
;
also in secur-

ing the can-supporting bars to a removable ring attached to the front

of the casing, said ring forming a guide for the sliding-gate, which

closes one end of the chamber in which the meat or fish is compressed,
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CLAIMS.

"1. In a, can-filling machine, the combination, with the chute C, of a

pair of semi-cylindrical cutters, G, so pivoted or hinged together as to

open and close in the arc of a circle having its center in or near the line

of their circumference, whereby they are adapted, when open, to receive

the material from the chute, and when closing or advancing toward
each other to gather together, cut off, and firmly compress the said

material received from the chute and properly shape it to fit the can to

be filled, substantially as set forth.

"2. In a can-filling machine, the semi-cylindrical shaping and com-
pressing cutters G, adapted to receive the material from the chute, and
so pivoted or hinged together as to open and close in the arc of a circle

having its center in or near the line of their circumference, in combina-

tion with the chute and the levers d, actuated by the cams w a' on the

shaft T or other suitable operating mechanism, substantially as de-

scribed.

"3. In a can-filling machine, the combination, with a pair of semi-

cylindrical shaping and compressing cutters, G, so pivoted or hinged

together as to open and close in the arc of a circle having its center in

or near the line of their circumference, and form when closed a true

cylinder, of a reciprocating piston or plunger, I, adapted to accurately

fit within the space or chamber formed by the said cutters when closed,

and thereby insure the discharge of the entire contents of the chamber,

whereby the machine is prevented from becoming clogged by the intro-

duction of any portion of the material in the chamber between the

piston and the inner surfaces of the cutters, substantially as set forth.

"4. In a can-filling machine, the combination, with the semi-cylindri-

cal shaping and compressing cutters G, of the reciprocating hollow pis-

ton I, having a head, i, provided with an automatic vacuum-valve, n,

adapted to admit air into the chamber B in front of the piston as it is

withdrawn, substantially as and for the purpose described.

"5. In a can-filling machine, the combination, with the semi-cylindri-

cal shaping and compressing cutters G, operating as described, and the

casing B and chute 0, of the reciprocating piston or plunger I, with its

connecting-rod L, lever M, rock-shaft^, slotted lever g, connecting-rod

IsT, and actuating-disk P, all constructed to co-operate substantially in

the manner and for the purpose set forth.

" C. In a can-filling machine, the combination, with the reciprocating

piston I and its actuating mechanism, of the shaft T and mechanism
connected therewith for operating the semi-cylindrical cutters G, so

connected as to cause the cutters to be entirely closed, to form a true

cylinder, before or immediately after the piston reaches them on its for-

ward stroke, substantially as described.

"7. In a can-filling machine, the combination, with the casing B, the

shaping and compressing cutters G, and the reciprocating piston I, of
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the can-supporting bars I, made of (J or V form in cross-section, and
arranged with their open sides outward to form outlets or exit-passages

for the escape of the air from the can as it is being filled, substantially

as set forth.

" 8. In a can-filling machine, the can-supporting bars /, secured to a

removable ring, 25, attached to the front of the casing B, said ring

forming a guide for the sliding gate H, substantially as described."

No. 265137.

(Charles L. Pond, Buffalo, N. Y.
;
patented September 2G, 1882

;
package for oysters,

&c. See Plate CXXXIII.

)

The invention relates to the construction of the removable head of

barrels, tubs, or other vessels in which oysters and other similar perish-

able articles are packed, and has for its object so to construct the re-

movable head that it can be readily applied and removed, and that wben

applied it is sufficiently tight to prevent the escape of the contents of

the package, and that it can be readily sealed, and tbat it has no pro-

jecting parts which would interfere with the handling and stowing of

the package in transportation. At the upper head are two segmental

side pieces. These are fixed within the barrel upon an inner hoop,

there being a groove on the curved edge of each piece which fits upon

the hoop, and nails being driven from the exterior of the barrel through

the hoop into the side pieces. Between the parallel sides of the side

pieces is the removable portion of the head, which consists of two parts

hinged together below. The outer ends are grooved to fit over the rest

of the hoop. Each removable part has at its side a packed offset which

rests upon an offset on the corresponding side piece. Two clamps piv-

oted to the side pieces opposite the hinged edges of the removable por-

tion overlap the adjacent parts and secure them in place. Each clamp

consists of two wings, respectively, on the upper and lower sides of the

cover, and secured to the same by a vertical pivot which turns in the

side piece. The upper wing has an arm which projects rearward, and

turns upon a plate secured to the top of the side piece. The plate has

two upward-projecting stops to limit the movement of the arm to a

quarter-circle. One of the stoics and the arm resting upon it is perfo-

rated, so that the wire of a seal may be drawn through both perforations,

thereby preventing the clamp from being turned without breaking the

seal. The upper wing and the arm are in one piece with a hub, the

exterior surface of which is hexagonal, turned by a wrench. One of the

removable parts is provided with a removable handle shaped to serve,

when removed, as a wrench to turn the clamps. The wrench end of

the handle is attached to the cover by a metallic strap, which is secured

to the upper side of the cover, leaving sufficient space between the un-

der side and the upper side of the cover to permit this end of the han-

dle to be inserted under the strap. The cover is provided with depres-



[105] PATENTS ISSUED RELATING TO FISH AND FISHERIES. 1079

sions for the reception of the ends of the handle. The opposite end of

the handle is inserted under a similar strap and bears with its end

against a spring seated in an inclined socket in the cover, whereby the

handle is pressed toward the strap. Upon pressing the handle toward

the spring until the opposite is withdrawn from under the strap, the

handle is released. The handle is reattached in an obvious manner.

CLAIMS.

" 1. The combination, with the body A, provided on its inner side

with a hoop, d, of the grooved stationary end pieces, B, hinged cover

C C, provided with grooves in its ends, and ledges ee', formed respect-

ively on the stationary end pieces, and hinged cover, substantially as

set forth.

"2. The combination, with the body A, having end pieces, B, of the

hinged cover C C and clamps F, whereby the hinged cover is secured

in place, substantially as set forth.

" 3. The clamp F, composed of two lips, /, secured to a pivot, /', which

is provided with a head, h, adapted to be seized by a wrench, substan-

tially as set forth.

" 4. The combination, with the side pieces, B B, and the hinged cover

C, of one or more clamps, F, each provided with two lips,/, arranged

respectively on the upper and lower sides of the cover, substantially as

set forth.

" 5. The combination, with the side pieces, B B, and a hinged cover,

C C, of one or more clamps, F, provided with lips/* adapted to engage

over the adjacent portions of the cover, an arm, g, formed on the clamp,

a fixed plate, {/', provided with stops (f #
3
, and means whereby the arm

(j can be locked to one of the stops, substantially as set forth.

" 0. The combination, with the cover, of a removable handle, I, straps

1c 1c', and spring Z, substantially as set forth."

No. 296023.

(Thomas Levi, New Westminster, British Columbia, Canada; patented April 1, 1884;

device for keeping fish, meat, fruit, and other preservjug cans clean while being

Riled. See Plate CXXXIV.)

A tin case or cylinder to fit over fish, meat, fruit, or other preserving

cans while being filled. The tin case or cylinder is made one size larger

in circumference at the top, increasing in size to the bottom, and a size

shorter in length than the preserving-can, with a rim at the top turned

inward and downward. When the preserving-can is filled, it is lifted

by the pressure of the fingers and thumb on the case or cylinder, the

object being to keep the can while being filled clean, and to enable the

person filling the preserving can to remove it after it has been filled

without touching it with his hands, thereby keeping it clean and sav-

ing labor. .

The inventor says

:

" I make no claim to the preserving-can A."
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CLAIM.

"The combination of the case or cylinder B with the preserving-can

A, when applied as shown in the Fig. 0, substantially as described,"

No. 299710.

(Julius Wolff, Now York, N. Y.
;
patented June 3, 1834; sardine-can. See Plate

CXXXV.)

A sardine-can having- its top or bottom, or both, concave. In can-

ning sardines as heretofore practiced the cans are made with flat or

slightly convexed tops and bottoms. The fish are packed into the cans

and oil is poured over them until the body of the can is filled with oil.

The tops of the cans are then soldered on, and heat is applied by water

or steam a sufficient time to preserve the fish. The cans are then re-

moved, and if the soldering was properly done, the top and bottom of

the cans are convex from the expansion of the inclosed air by the heat.

The cans are then punched to allow the air to escape, and the puncture

is thereupon closed with solder. In this process, when the cans are

punched to allow the air to escape, the escaping air carries a portion of

the oil with it, so that when the cans are opened the fish are found to

be only partly covered with oil, and consequently not in a state of per-

fect preservation. To avoid this the inventor here makes a sardine-can

with the top or bottom, or both, concave. The depression of the middle

parts of the tops of the cans then causes the air in the cans to collect

around the edges of the tops, and the heat of the soldering-tool heats

the air and oil along the edges, and causes the air to expand and escape

in front of it as it passes along the edges, so that when the soldering

is completed the, air will be sufficiently expelled. The filled cans are

then subjected to heat in the ordinary manner, and if the soldering

has been properly done, the expansion of the small quantity o'f air left

in the cans will have expanded the concaved top and bottoms into an

approximately level or horizontal position, and the cans are ready to be

cooled and stored for market. In case the tops and bottoms of the

cans, when the boiling operation has been completed, have not been

expanded into level positions, it shows that the soldering was not prop-

erly done, and that the inclosed air and part of the oil have escaped

during the boiling operation. Such cans have to be resoldered, punched

in two or more places and placed in hot oil until they are again filled

with oil. The punctures are then filled with solder and the sardines

are marketed as seconds.

CLAIMS."

"1. A sardine-can having its top or bottom concaved and secured

within the body of the can, as and for the purpose set forth.

"2. In a sardine-can, the combination, with the body A, provided
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with the offsets a, of the concave top B, provided with a flange b and

bead c, substantially as herein shown and described."

No. 288106.

(Freeman Payzant, Lockeport, Nova Scotia; patented November G, 1883; process of

and apparatus for extracting oil from fish liver and blubber. See Plate CXXXVI.)

The furnace has a water-jacket and a pipe for conducting air into the

furnace below the grate; the pipe has at its upper end an adjustable

hood for catching the air. The furnace is put into a tank or vat con-

taining fish livers and blubber. The oil rises to the surface, and the

livers and blubber sink to the bottom.

CLAIMS.

" 1. The method herein described of preventing the discoloration and

injury of the oil, which consists in interposing a stratum of water be-

tween the oil-yielding substance and the furnace, substantially as de-

scribed, and for the purpose set forth.

" 2. The combination, with the oil-holding receptacle, of a water-

jacketed furnace, substantially as shown and described.

" 3. The combination, with the furnace ABO, provided with an air-

pipe, D, aud adapted to be supported in a tank, of the water-jacket F,

surrounding the furnace and extending from below the grate nearly to

the upper end of the furnace."

No. 294940.

(Peter C. Voa;ellus, Gloucester, Mass.
;
patented March 11, 1884 ;

process of extracting

oils and fats from fish. No drawing.)

In extracting oil from fish, fish-livers, or fish-heads where solvents are

employed as the extracting agent, to obviate the difficulty experienced

by the presence of water, this is first removed by subjecting the fish

whole or cut up and raw, but preferably while being heated or cooked,

to the action of a substance, such as plaster-of-paris, which will absorb

the water without taking up the oil.

CLAIMS.

"1. The improved process of extracting oils from fish, consisting in

subjecting the fish to the action of plaster-of-paris or some similar water-

absorbing agent, whereby the water is removed therefrom, and then

mingling the fish with a suitable solvent, whereby the oil in the fish is

dissolved, substantially as described.

"2. The improved process of extracting oils from fish, consisting in

heating the fish, subjecting the same to water-absorbing agents, aud

then to the dissolving action of solvents, substantially as described.
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"3. In the process ofextracting oil from fish, the subjection of the latter

to the water-absorbing action of plaster-of-paris or equivalent absorb-

ents, substantially as specified."

No. 259140.

(Frank L. Harris, Harrisonburg, Va.
;
patented June G, 1882; manufacture of fer-

tilizing material. See Plate CXXXVII.)

Bone, horn, or hoof is subjected to pressure while immersed in water

heated above the boiling point for the required length of time, which

will be until the water reaches the temperature of about 250° or 300°

Fahrenheit. The pressure is produced by heating the water in which

the bones are immersed in an air-tight vessel. The bone thus treated

is then removed and allowed to dry. The water remains in the vessel,

and a fresh charge of bono is introduced into the same, and the opera-

tion is repeated. After a succession of operations the water is drawn

off, and the dried bone is allowed to soak in the water thus enriched

with gelatine until the bone has absorbed most of it. The bone is then

again dried, and finally is pulverized for market.

The drawing shows a furnace and a closed vessel surrounded by a

jacket, and placed upon the furnace. The closed vessel has a steam-

tight cap, and the flame and heat from the furnace enter the space be-

tween the jacket and the closed vessel rapidly to heat the latter. An
ordinary gage indicates the pressure and a chain that can be connected

with a crane serves to lift the apparatus from the furnace when desired.

CLAIMS.

" The herein-described process of producing a fertilizer, consisting in

immersing bones, horns, or hoofs in water within an air-tight vessel, and

while so immersed and confined subjecting the article to pressure by

heating the water above the boiling point, removing and drying the

charge, and introducing into the same water a fresh charge, and treat-

ing it in a similar manner, next allowing a quantity of the article thus

treated and dried to soak in the water, so as to absorb the gelatine con-

tained therein, and finally drying and pulverizing the article."

No. 263322.

(Azariah F. Crowell, Wood's Holl, Mass.
;
patented August 29, 1382; manufacture of

fertilizers. No drawing.)

Instead of first pressing the fish to extract therefrom the oil and

gelatinous and nitrogenous liquid, and afterward mixing with the lat-

ter a superphosphate, as described in a patent to this inventor, dated

September 24, 1878, No. 20S224, the fish (dogfish, menhaden, &c.) and

superphosphate are mixed together and cooked by steam or otherwise,

whereby a greater amount of the gelatinous and nitrogenous matters
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and oil are obtained, and the soluble parts of the superphosphate are

combined to better advantage with the gelatinous and nitrogenous mat-

ters, the oil being subsequently separated from such matters and the

soluble parts of the superphosphate by skimming, and the cooked mass
being pressed to squeeze out liquor and oil. Furthermore, by the pres-

ent procedure, the insoluble parts of the superphosphate are at the same
time mixed with the fish scrap or pomace, whereas by the former pat-

ented process this mixture had to be effected at another time and at an

increased expense.

The inventor says

:

" Consequently I do not herein claim to first press from the fish the

oil and gelatinous and nitrogenous liquid, and afterward mix with the

said liquid a superphosphate, and remove from the mixture the insoluble

substance or substances, and evaporate the remainder to the necessary

consistency. My new process involves the employment of heat and the

cooking of the fish mixed with the superphosphate, such not constitut-

ing a part of my former or patented process."

CLAIM.

"In the manufacture of liquid fertilizer, the process of obtaining

from fish its gelatinous and nitrogenous properties, combined with the

soluble parts of a superphosphate, such consisting in mixing together

the fish and superphosphate and cooking the mixture by heat and sub-

sequently subjecting it to pressure, so as to expel from it the oily, ni-

trogenous, and phosphatic liquid."

No. 251772.

(John Eckart, Munich, Bavaria., Germauy; patented Januarys, 1882; compound for

preserving meats and iisli. No drawing.)

Instead of the solution mentioned in the patent granted this inventor

August 28, 1877, No 194550, in which half a pound of salicylic acid to

100 pounds of water was used for preserving animal or vegetable mat-

ter, a mixture of 50 per cent, of common salt, 47£ per cent, of chemic-

ally pure boracic acid, 2 per cent, of tartaric acid, and J per cent, of

salicylic acid, is employed. The flesh of fishes immediately after they

are caught is separated from the skin and bones. The composition is

then applied to it in the proportions of about twenty grams of the

composition to one kilogram of flesh. The flesh is afterward filled into

gut or artificial cases of parchment. These cases are then packed into

casks, after which the casks are filled with a gelatine solution, made up
of about 50 grams of gelatine and 20 grams of the preserving mixture

to every 1,000 grains of water, and submitted to pressure in the follow-

ing manner: The casks being strong and tight, their interior is put

into communication with the pressure-pipe of a pump and hermetic-

ally closed ; more of the. solution is pumped into the cask until the pres-
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sure-gauge with which it is supplied shows a pressure up to twelve at-

mospheres or more. This pressure is maintained from fifteen to thirty

minutes, more or less, according to the requirements of the case, until

the contents arc completely saturated. Then an air-valve is opened

and the pressure is relieved, the cover is removed and the contents are

taken out. The gut cases may then he strewn over with more of the

preserving mixture in a dry condition and he stored in vessels for ship-

ment. They may also then be covered with a solution of the preserving-

salt in water.

The inventor says

:

"I do not herein claim the gelatine solution, as I propose to make it

the subject of a separate application for patent."

CLAIMS.

"1. The preserving-salt, composed of chloride of sodium and boracic

acid with the smaller quantities of tartaric and salicylic acid, substan-

tially as herein specified.

u 2. The sausage described, having a filling of meat saturated with

the preserving-solution, as herein specified."

No. 255017.

(Charles L. Pond, Buffalo, N. Y.
;
patented March 14, 1882; package for oysters. See

Plate CXXXVIII.)

The lower head of the barrel is fixed. Upon the inside of this head

is a rim which forms a recess in which rests the bottom of a can, the

can being stayed at the top by a ring secured to the inside of the bar-

rel. The upper head of the barrel bears upon the upper end "of the can

and prevents it being displaced vertically. The upper head is remov-

able and rests upon a rim fixed in a recess at the upper end of the bar-

rel. Where it rests upon the rim the head has a projecting edge, which

is provided on its under side with a packing ring fixed in a groove in

the head, being there secured by a metallic hoop, which also serves to

prevent the head from warping. Two sliding bolts arranged in recesses

on the inner side of the removable head are connected at their ends to

a lever which extends outward through an opening in the head. On one

end of the lever to which the bolts are attached is a disk nearly circular,

and the bolts are so connected to this disk on opposite sides of its cen-

ter, that by swinging the outer end of the lever in one or the other di-

rection the bolts will be extended or retracted. A casing of metal or

wood secured to the under side of the removable head incloses the slid-

ing bolts, the ends of the casing being provided with openings through

which the sliding bolts protrude. One sliding bolt, that shown to the

left of Fig. 2, is provided with an upward projecting tongue, and the

lever has an opening which permits the tongue to project through it,

when the lever is closed down upon the head. The head has upon its
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upper side a recess in which the lever rests when it is thus closed down.
When the bolts are retracted tbe head can be inserted into the open end
of the barrel with the packed edge resting upon the rim. By pushing

the lever down upon the head the sliding bolts are projected under the

rim, thereby drawing the edge of the head tightly against the outer side

of the rim and locking it in the barrel. A wire is then drawn through

the opening in the end of the tongue above the lever, and its ends are

connected by a metallic seal whereby the lever is firmly secured in place

at a quarter circle from the insertion of the bolts, and on the under side

of the head are two turn-buttons to engage against the under side of

the rim. The buttons are each attached to a bolt, which projects up-

ward through the removable head, and is provided with a knob or head
having a nose. This knob turns on a plate which is seated in a recess

formed in the head, whereby it is prevented from turning. The plate

has two projecting stops at right angles to each other, and the nose of

the knob swings between them, and the movement of the turn button

is limited by the stops to a quarter turn. The buttons are to furnish an
additional fastening. The nose, and the stop against which it rests

when the turn-buttou is projected under the rim, are provided with per-

forations through which a wire can be drawn for the purpose of attach-

ing a seal.

CLAIMS.

'•1. The combination, with a barrel or tub, A, of a ring, c, composed
of a strip of wood made of uniform cross-section throughout its length,

and sprung into a recess of suitable shape formed in the barrel or tub

near its end, substantially as set forth.

"2. The combination, with a barrel or tub, A, provided on its inner

surface, near its end, with a projecting ring, c, of a removable head,B,
resting upon tbe ring c, and fastening devices applied to the underside
of the head and adapted to be projected under the ring c for securing

the head and to be retracted for releasing the head, substantially as set

forth.

"3. The combination, with a barrel or tub, A, provided with a ring or

shoulder, c, of a removable head, B, provided with sliding bolts//', at-

tached to the under side of the head and adapted to engage with their

outer ends under tbe ring c, and a lever, F, to which the inner ends of

the bolts//' are connected and whereby both bolts are moved in oppo-

site directions, substantially as set forth.

"4. The combination, with the removable head B, of the sliding bolts

//', one of which is provided with a projecting tongue, h, and the lever

F, having an opening, h', substantially as set forth.

"5. The combination, with the removable cover B, constructed with a
projecting rim, b, of a packing-ring, d, applied to the under side of the

rim b
7
and a hoop, e, which surrounds the lower contracted portion of
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the cover, and bears with its upper edge against the packing-ring d,

and secures the latter in place, substantially as set forth.

"6. The combination, with the cover B, of a turn-button, L, secured to

a bolt, I, having a head, M, provided with a nose, m, and a plate, N, se-

cured to the cover 13, and provided with stops, n, between which the nose

m swings, substantially as set forth."

No. 261984.

(James H. Baxter, Portland, Me., assignor to himself and Charles A. Dyer and David
L. Fernald, both of same place; patented August 1, 1882; apparatus for packing

dried fish. See Plato CXXXIX.)

Molds which are made in two longitudinal sections hinged together,

and of cylindrical contour on their interior, are constructed with a series

of grooves for insertion of the binding-cords, and with fastenings for

keeping the molds closed and locked when removing them from the

ordinary screw press employed, and until the binding-strings are tied,

during which operation other molds may be successively inserted in the

press for a repetition of the process.

CLAIM.

" The fish-compressing mold C, constructed of two longitudinal sec-

tions hinged together on their one side, and of cylindrical contour on

their interior, with a series of transverse grooves, c c', in and through

them for the reception of binding strings or cords, in combination with

one or more hooks and fastenings, e f, for holding the molds locked

with the fish under pressure, substantially as and for the purposes

herein set forth."

No. 265735.

(James H. Baxter, Portland, Me., assignor to himself and Charles A. Dyer and David
L. Fernald, both of same place

; patented October 10, 1882; putting up dried fish.

See Plate CXL.)

Fish is compressed into a compact mass in a mold under a press and
held firmly together by binding strings applied at different points in

its length and tied while the fish is under pressure. This bound pack-

age is then inclosed in a wrapper of waxed paper, after which the whole
is inclosed in an outer wrapper of manilla paper. These wrappers ex-

clude the air, and this fact, with the expulsion of the air from between
the fish while in the press, prevents the fish spoiling in hot weather or

on long voyages or from losing weight. On the exterior of the outer

wrapper is inscribed a series of marks which enables the dealer to cut

the package into the desired smaller parts without weighing, aud this

without objectionable exposure of the fish by removing the wrapper
and without handling it.
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CLAIMS.

" 1. A package of boneless fish bound at intervals with strings and in-

cased in wrapping-papers, one of which wrappers is marked to indicate

where said package may be cut across to separate it into divisions of

one pound each, or of any other unit of weight.

" 2. A package of boneless fish pressed into a solid muss of uniform

size throughout its length and incased in a wrapper which is marked

into equal divisions indicating where the package may be cut across to

separate it into multiplies of the whole package, as one-half, oue-third,

one-fourth, &c, as shown and described."

No. 267685.

(Anderson Fowler, New York, N. Y.; patented November 21, 1882; apparatus for pre-

serving meats. See Plato CXLI.)

The invention is designed to provide an apparatus for carrying into

rapid, cheap, and effective operation the process of preserving and

curing meats, fats, fish, &c., by subjecting the same simultaneously to

the action of a current of electricity, and of a preservative substance,

ns set forth in an application by this inventor for patent filed October

30, 1880, serial No. 1980G; but the invention here maybe employed with

advantage wherever it is desirable to subject substances of the character

indicate! to the pervasive or permeating action of electricity. The

meats, fats, fish, or similar organic substance to be preserved, should

be packed in the cases or smaller boxes B,and surrounded by a suita-

ble preservative agent, such as salt, saltpeter, or salicylic acid. Dur-

ing the operation of the apparatus the dynamo-electric machine F is in

operation to generate the desired electric current, and simultaneous

therewith the disks are caused to rotate in opposite directions by the

revolution of the fast pulleys on their respective shafts b. The cases B,

being closed, and having the substance to be acted upon to be cured

or preserved packed therein, are passed longitudinally through the box

or tube A and between the disks 0. As each box B passes into the

space between the disks O the electric current is caused to pass through

the conducting sides of the box and through the contents thereof. In-

asmuch as the said boxes may be very rapidly passed one after another

through the box or tube A and between the disks C, the operation of

subjecting the contents of each box to the action of the electricity is

rapid, and from the rotation in opposite directions of the disks C, and

the intensity of the current derived from the dynamo-electric machine,

a powerful effect of the character indicated in the aforesaid application

filed October 30, 1880, is to be produced.

CLAIMS.

" 1. In an apparatus for subjecting organic substances to the action

of electricity, the combination of the oblong box or tube A, the disks O,
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connected with suitable means for generating1 and maintaining a current

of electricity, and one or more cases or boxes, B, adapted to pass length-

wise of the box A and between the disks 0, and to contain the sub-

stance to be treated, all substantially as and for the purpose herein set

forth.

" 2. In an apparatus for subjecting orgauic substances to the action

of electricity, the combination of the disks C, arranged to rotate in op-

posite directions, the box or tube A, one or more cases or boxes, B, con-

structed to pass through the box A and between the disks C, and wires

or conductors adapted to connect the same with a source of electricity,

arranged to pass a current of electricity from one to the other of the disks

C, and through the contents of a case or box, B, as the latter is passed

through the box or tube A, all substantially as and for the purpose

herein set forth.

" 3. In an apparatus for subjecting organic substances to the action

of electricity, the combination of the insulated bearings a and insulated

pulleys c c' with the shafts b, the disks C, the box or tube A, and one

or more cases or boxes, B, adapted to be passed through the box A and

between the disks C, all substantially as and for the purpose herein set

forth.

u 4. In an apparatus for subjecting organic substances to the action

of electricity, the combination of one or more cases or boxes, B, having

sides capable of conducting electricity, and non-conducting ends, top,

and bottom, the box or tube A, the disks U, and wires or conductors

adapted to connect the apparatus with a source of electricity in order

to maintain a current of electricity from one of the disks C to the other,

the conducting sides of the cases or boxes B, and the contents of said

cases or boxes, all substantially as and for the purpose herein set forth."

No. 275973.

(Oscar Andrews, Gloucester, Mass. : patented April 17, 18813
;
preparing salt lish for

market. See Plate CXLII.)

Salt iish is made into bars or cakes, eacli cake weighing one, two, or

more pounds. The layers of tish are held together in compact form by

thread or twine sewed through them.

CLAIMS.

"1. The method oi" preparing salt fish for the market, consisting of

first making the layers of fish into a bar or cake, and then applying a

fastening material interiorly to the bar or cake by passing said fasten-

ing material through the layers of fish constituting said bar or cake,

substantially as and for the purpose set forth.

"2. As an improved article of manufacture, a bar or cake of salt fish,

the layers offish which constitute said bar or cake being held together

compactly by means of fastening material passed through said layers,

substantially as and for the purpose described."



[115] PATENTS ISSUED RELATING TO FISH AND FISHERIES. 1089

No. 276868.

(Frederick B. Nichols and Cathcart Thomson, of Halifax, Nova Scotia, Canada, said

Nichols assignor to said Thomson
;
patented May 1, 1883 ; process of manufactur-

ing fish-meal. No drawing.)

The fish are headed and split and a portion of the backbone is re-

moved in the same manner as for making the ordinary dry salted fish.

The pieces are then washed and all bloody portions removed. Very
little salt should, it is said, be used in curing, as heavy salting makes
an inferior meal, even when the excess is removed by water previous

to drying. For some qualities of meal it is preferred to dry without

salt. In this state the fish would soon spoil, and very rapid drying

must be resorted to in order to save them. The immediate application

of currents of hot air would accomplish this, but would render the skin

so friable as to defeat the after process, and in other respects injure it

for making meal, and open-air drying would not be speedy enough to

keep the fish from tainting. In order to obviate these difficulties, the

fish-drying house and apparatus of the patent granted this inventor

December 6, 1881, No. 260382, is employed. The drying must be more
thorough than for ordinary dried fish, in order to make the fish hard

and crisp. The hard-dried fish are made small enough to be fed into

the hopper of a mill to be coarsely ground. Almost any kind of grind-

ing mill may be used, provided it is not too sharp, and is set high for

coarse grinding for the first run. This run should be bolted through

sieves having about one huudred and forty-four meshes to the square

inch. About 75 per cent, of it should pass through the bolt. The re-

mainder, which is too coarse to pass, consists of the bones and the skin

with considerable fish flesh adhering to it. In order to utilize this, it

is reground with the mill set closer, and again passed through the bolt.

If on examination much fish adheres to the skin, it should be subjected

to another grinding with a still closer set of the mill, and agaiu passed
through the bolt. The residue from this, consisting principally of skin,

bones, and scales, should not amount to more than 10 per cent, of the

weight of the dried fish. This residue can be utilized as manure. The
product of the last grindings contain considerable of the white portion

of the skin with fragments of bone and enough of the black skin to give

a coarse dirty appearance to the meal. In order to remedy this, it

should be again ground in a sharper and closer set mill to reduce it to

a fine meal, and this, being passed through a bolt having about four

hundred meshes to the square inch, gives a fine product, and contains

the most nourishing portion of the fish. The last product can be either

used alone or incorporated with the first by uniform mixing.

The inventors say

:

" We are aware that fish-meal has been previously made ; but in all

previous processes, so far as we are aware, the fish used have been so

salt as to require soaking the meal to remove the excess of salt before

S. Mis. 70 — 69
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cooking, and the skin, fins, tail, and larger bones removed before grind-

ing. We propose to use fish dried with little or no salt, and to grind

them without removing either skin, bones, or other refuse contained in

fins or tail, and to separate them by bolting."

CLAIM.

" The process of manufacturing fish-meal from dried fish, which con-

sists in first heading and splitting the fish, then removing the backbone,

then washing and drying, then chopping, grinding, and bolting through

sieves, substantially as specified."

No. 273074.

(Ralph S. Jennings, Baltimore, Mel.
;
patented February 27, 1883; process of pre-

serving fish. No elrawing.)

In this process salted fish is subjected to the action of superheated

steam or hot air to destroy the organic life in the salt with which it is

cured. It is stated that in salt procured by the evaporation of sea

water by solar heat, there frequently exist spores of algae, which are

liable at certain seasons and under certain conditions to impart a red

color to or cause decomposition of the fish cured with such salt. An
endless woven wire apron hung on rollers and having within it a nar-

row box with a foraminous top, may be employed. Into this box heated

air at 450° Fahrenheit may be forced, and be discharged from it against

the fish which have been placed on the endless apron. Instead of such

box there may be placed within or underneath the apron a foraminous

pipe, through which superheated steam or hot air at a temperature of

400° Fahrenheit is discharged against the fish, while the apron is re-

volved at such speed as will expose each fish for about two seconds to

the action.

The inventor says

:

"I do not claim boiling salted fish, nor smoking nor drying such, as

usually heretofore practiced, by means of air or products of combustion,

for the purpose of curing or drying them ; nor do I claim merety singe-

ing an animal or article of food, such not being productive of a result

or results attainable by my invention."

CLAIM.

" The process, substantially as described, of treating salted fish for

the destruction or killing of the alga germs contained in the salt of such

fish, such process consisting in rapidly passing, at or about at a speed

as hereinbefore mentioned, the fish over a sufficiently-heated surface, or

through or in contact with heated air or superheated steam at or about

a temperature of 400° Fahrenheit, so as to superficially heat the fish to

an extent required to kill the said germs, without heating the interior

of the fish to the injury thereof."
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No. 261623.

(Hubert W. Morgan, Westfield, Mass., assignor to himself and Edwin R. Lay, of

same place, and James T. Morgan, of Winsted, Conn.; patented July 25, 1882;

preparation of whalebone. No drawing.

)

A strong solution of an alkali, such as potash, is heated and in this,

whalebone, in the proportion of half a pound of whalebone to a quart

of the solution, more or less, according to the consistency desired in

the resulting mixture, is dissolved. If this solution be applied in coats

to flexible but comparatively inelastic substances, they will be rendered

permanently elastic thereby. Whips are instanced. A highly elastic

body may be produced by making the whalebone preparation of a much
thicker consistency—of that of a thick paste—and of a somewhat plas-

tic character by adding a larger quantity of the whalebone cuttings or

shavings to the given quantity of the potash solution, and then adding

thereto fine cuttings of leather or leather ground up into a pulp, so that

the whole mixture may be sufficiently tough and hard to take the form

of a die, and then molding it. Waste whalebone in cuttings, shavings,

or waste pieces, is used. This solution of whalebone may have added

to it any desired water-proof substance, such as gum-shellac or other

desired substance of similar nature, so that when applied it will resist

the action of moisture or dampness.

CLAIM.

" A new compound or liquid preparation of whalebone, consisting of

whalebone dissolved in an alkali, substantially as hereinbefore de-

scribed."

No. 299515.

(Reuben Brooks, Gloucester, Mass.; patented June 3, 1884; process of treating the

waste of salt fish. See Plate CXLIII.)

The object is to desalt fish-waste. The waste is first mechanically

disintegrated or pulverized, is then subjected to the action of water

until the salt is removed, or to that of very dilute sulphuric acid, or

other antiseptic which will also prevent putrefaction, and finally the glue

is extracted preferably in the manner described in patent No. 243713,

granted LePage, July 5, 1881. The material, after being disintegrated,

is placed in a perforated receptacle, which is itself suspended in a tank

containing water, the water being changed from time to time until the

desalting process is complete. From 1 to 3 per cent, of sulphuric acid

may be mixed with the water, but the use of chemicals may be entirely

dispensed with if the tanks are so situated as to permit a constant

stream of water to flow in at the top over the material and percolate

down through the mass. The liquid is discharged from the bottom,

carrying the salt with it.
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The inventor says

:

" I am aware that tanks have heretofore been constructed for leach-

ing chemicals, in which liquids flowing in at the top were drawn off from

the bottom in a manner similar in many respects to that above de-

scribed, and hence I make no claim to tanks so constructed in my pres-

ent application."

CLAIMS.

" 1. The process of preparing the waste portions of salt fish for the

manufacture of glue, consisting in, first, crushing, tearing, or otherwise

mechanically disintegrating the waste, and, secondly, removing the salt

therefrom by the use of water or dilute sulphuric acid, substantially as

set forth.

" 2. The process of preparing the waste portions of salt fish for the

manufacture of glue, consisting in, first, crushing, tearing, or otherwise

mechanically disintegrating the waste, and, secondly, removing the salt

therefrom by exposing the waste to the action of flowing water, sub-

stantially as set forth.

" 3. The process of preparing the waste portions of salt fish for the

manufacture of glue, consisting in, first, crushing, tearing, or otherwise

mechanically disintegrating the waste, and, secondly, removing the salt

therefrom by exposing the waste to the action of flowing water, said

water passing downward through the mass, and leaving the material

through which it has passed by the pressure of the water in the tank,

substantially as set forth.

" 4. The process of extracting glue from the waste of salt fish, con-

sisting in, first, mechanically disintegrating the waste ; secondly, re-

moving the salt therefrom by the use of flowing water, or water with

an antiseptic in solution; thirdly, cooking; fourthly, straining, and

fifthly, evaporating, substantially as set forth.

" 5. The process of extracting glue from the waste of salt fish, con-

sisting in, first, mechanically disintegrating the waste ; secondly, remov-

ing the salt therefrom by the action of flowing water or dilute sulphuric

acid; thirdly, steaming the desalted mass; fourthly, straining, and

fifthly, evaporating, substantially as set forth."

No. 260179.

(Henry F. Evans, New York, N. Y.
;
patented June 27, 1882; oleaginous compound

used in manufacturing cordage. No drawing.)

In the manufacture of ropes, twines, and cords it is customary to treat

the manila or other material with an oil. As a substitute for the oils

commonly used, a mineral oil commercially known as amber-oil or

Smith's Ferry oil, mixed with fish or whale oil in the proportion of fifty

parts of fish or whale oil to fifty parts ot Smith's Ferry oil is employed.
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CLAIM.

"An oleaginous compound to be used in the manufacture of cordage,

consisting essentially of an amber-oil and tisb or whale oil, combined
as specified."

No. 286869.

(C. W. Trammer, Great Falls, Mel.; patented October 16, 1833; fishway. See Plate

CXLIV.)

The invention relates to devices to enable fish to ascend a fall, or to

so-called "fishways" or "fish-ladders."

An inclined chute widens upward, and has an enlarged or hopper-

shaped fish inlet at its lower, and an outlet at its upper end, either or

both of which may be provided with a sliding gate, and suitable means
for operating the same, to regulate the flow of water. The diverging

sides of the chute are straight, but the top and bottom are a series of

inflected steps, which form enlarged communicating chambers, the en-

tire space of which is filled by the water that enters the chute at the
upper end or fish outlet. The water is retarded in its exit by the shape
and the gradual narrowing of the chute, thus causing comparatively
still water in the chambers, so that the fish will have no difficulty in

working their way from the lower to the upper end of the chute, whence
they emerge into the river or water-course above the dam or falls.

CLAIM.

"The improved fishway herein shown and described, having sides

C C, top and bottom A and B, composed of iuflected steps or sections

a and b, forming gradually-enlarged chambers c inside of the chute,

connected to one another by the narrowings d, enlarged fish-inlet D,
and outlet E, substantially as and for the purpose herein shown and
specified."

No. 301285.

(Christopher Schmitz, San Francisco, Cal.
;
patented Jnly 1, 1884; apparatus for

oyster-culture. See Plate CXLV.)

The oysters when near their spawning time are placed in a perforated

vessel which is in the center of a basin containing sea-water. The
proper time is when the two vesicles of the creature which contain the

eggs and milk commence to swell, whereupon the membrane bursts

and fertilization takes place, for soon after this the spat or spawn may
be extracted by tne operator, or the oyster itself will expel the same.
When this has occurred a very fine stream of sea-water is allowed to

pass through a pipe from an elevated tank into the perforated vessel.

Thence it passes through the perforated sides in innumerable small
and gentle currents, widely spread, which carry out with them the spat
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into the basin. Thence the spat floats gently into compartments over

end-gates until it finds stones and rubbish there placed to which it

attaches itself. By the employment of the perforated vessel the spawn

is held together until ready to float off. Then when it does go it follows

the small and gentle currents flowing outward in all directions, and be-

comes well separated and distributed, giving each living young oyster

a chance to find its lodgment. The end-gates of the compartments are

vertically movable. The first set, namely, those nearest the entrance,

are first closed, and a small flow of water is permitted over them into

the compartments following. The young then coming down with the

gentle current find such stones or rubbish as may be in that part of

the canals and cling to them. The cock in the pipe from the tank is

then turned to shut off the supply of water until as many of the young

as possible settle down to their places. Then the first set of gates is

raised and the next set is pushed down and the supply again turned

on, and so on. The entire apparatus is housed, and has a general in-

cline from the basin toward the last of the compartments.

CLAIMS.

" 1. The combination, with the water-tank B, having the pipe b and

cock c, of the basin C, provided in its center with a perforated annular

vessel, D, a series of passages formed by the extended sides of the

basin and divided by a central partition, and a series of vertically-ad-

justable gates, G, and canals, constructed as shown, and for the pur-

pose herein set forth.

"2. The basin C, having' outlets E, and the annular perforated vessel

D, in combination with the canals F, having gates G, adjustable, and

rocks or rubbish in their bottoms, and a means for supplying vessel D
with a gentle flow of sea-water, substantially as herein described."

No. 263933.

(Marshall McDonald, Washington, D. C, assignor to himself and Stephen C. Brown,

of Ur! same place
;
patented September 5, 1882 ; method of and apparatus for hatch-

ing fish. See Plate CXLVI.)

The object is to provide a method of and apparatus for hatching fish,

automatically agitating the eggs, eliminating the small fry as soon as

hatched, and separating the bad eggs and old shells, and thereby avoid-

ing the contamination of the sound ones. The eggs are agitated by a

forced circulation of water in a closed chamber which is entirely filled

with water, taking off the discharge-water and with it the bad eggs (or

small fry, as the case may be), at a point central with respect to the

body of the chamber, in contradistinction to taking off the bad eggs at

the surface by overflow from an open jar. A pipe above supplies water

underpressure and of a temperature between 50° and 80° (of what ther-

moneter scale is not stated). Beneath this are the hatching-jar and the
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receiver or collector, which together constitute a complete automatic

apparatus, but there may be a series. Both the hatching-jar and the

collector have two glass tubes. Of these tubes, one in the hatching-

jar connects by a rubber tube with the water-supply, and extends to

nearly the bottom of the jar, beiug held in a tubular sleeve in the cover

of the jar, axially, but vertically adjustable to regulate and control the

agitation of eggs and flow of water according to the necessities of the

case, there being two classes of eggs to be operated upon, namely, those

which are normally of greater, and those which are normally of less

specific gravity than water. In the case of heavy eggs (as of the shad

and the white fish), the central tube is pushed down to introduce a cur-

cent of water at the bottom of the vessel, which buoys up the eggs, and

filters through the mass, the dead eggs being, by degrees, carried to

the surface and removed as above described. As shown in the draw-

ings, the apparatus is arranged for operation upon eggs which are nor-

mally heavier than water. In the case of eggs that are normally lighter

than water (as of salt-water fish, such as cod and mackerel), the tube is

drawn up to introduce the current of water at the upper part of the

vessel which passes out at the bottom, thus reversing the direction of

the current. The tube is rendered water-tight in the sleeve by small

stuffiug-boxes at the top and bottom, which by fractional contact hold

the tube to its adjustments against the pressure of the water. The
other tube of the hatching-jar is the outlet tube for the water, the small

fry, and the bad eggs when it is required to remove the latter. This

tube is in a short sleeve in the cover, and which is also provided with a

stuffing-box to render it tight, but which permits this tube to be de-

flected. In constructing the sleeve to permit this deflection, the sleeve

and also the removable thimble of the stuffing-box are made of a larger

diameter than the tube, and the packing in the stuffing-box is in the

nature of a round rubber ring confined between the thimble and sleeve,

and large enough to act as a fulcrum for the tube when it is to be de-

flected. The cover to the jar is held down by a screw-ring upon a gum
gasket to form a perfectly tight closed jar. The receiving jar is pro-

vided with a similar tight cover, and has similar tube connections for

its tubes, one of which tubes is connected to a tube of jar A by a rub-

ber pipe. The other is the discharge-pipe and opens into any suitable

receiver for the waste water. Over the lower end of the discharge-tube

is a large filtering bag distended over a cage, the object of which is to

secure a discharge from this closed jar commensurate with the inflow

without creating a violent suction through the filter, which would injure

the young and delicate fish. The jars are preferably of glass. They

are also of a cylindrical shape, with rounded or oval internal ends. In

practice for heavy eggs, as shown, they are filled about three-fourths

full of eggs that have been vitalized with the milt of the male, and the

tubes are then adjusted to about the position shown. The constant flow

of water under pressure into and out of the closed jar now gives there-
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quired movement to the eggs, and when the fish is freed from its shell

it very soon is caught in the current of water passing up the tube, and
is thereby transferred to the receiver, where it remains while the water

passes out through the strainer. As the eggs are agitated by the cur-

rent, the bad eggs and the shells, by reason of their less specific

gravity, accumulate from time to time on the top of the strata of sound

eggs. Now, to get rid of them the rubber tube is disconnected from its

glass tube in the collector vessel and its glass tube in the hatching

vessel, and is deflected till its end is near them, when the induction of

water draws off these eggs, which are thrown away. After the jar has

been purged, the pipe is again connected, and the fish are allowed to

pass over again.

The inventor says

:

" I am aware of the patents to Chase, August 16, 1881, and Wilmot,

July 18, 1876, and I do not claim anything shown therein.

" My invention is distinctive with respect to processes described in

the foregoing, and especially the Wilmot process, in that he uses an

open vessel and separates the bad eggs, which are of less specific

gravity, by overflow from an open vessel. I take advantage of the

same principle of separating the bad from the good eggs through their

different specific gravities. My process is, however, distinct in the fol-

lowing respects: The forced circulation in a closed vessel, and dis-

charging the water from the vessel at a point more or less central to

said chamber or below the surface of the water enable me to secure the

following important results : First, I am enabled to effect the separa-

tion at any point in the jar without change in the water circulation,

and thus can treat a very small quantity of eggs in the jar as well as

if the jar were filled nearly to the top, as is necessary in Wilmot's in-

vention; secondly, I avoid all slopping over of the water in the jar and

avoid waste of eggs, thus permitting my process to be conducted on

cars during transportation ; thirdly, by taking off the discharging water

in the forced circulation at a point more or less central to the jar, I

avoid the spattering of the water and damage to the small fry involved

in the fall from an overflowing vessel ; and, fourthly, this mode of carry-

ing off the water draws the eggs and small fry into its current with

a gentle but positive suction whose influence is distributed throughout

the jar, while a surface overflow has no effect in eliminating the bad

eggs until they get upon the immediate surface.

CLAIMS.

" 1. The improved process of automatically separating the bad eggs

and small fry from fish-eggs during incubation, which consists in agi-

tating them in a closed chamber filled full of water by means of a

forced circulation of the same, and drawing off the discharge-water

along with the bad eggs or small fry at a point below the surface of

the water, or more or less central with respect to the jar, as described.
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"2. A fish-hatching jar composed of closed glass vessel A, a detach-

able cover, and the inlet and outlet tubes A' B', one being- adjustable

in vertical direction and the other being deflectible, as shown and

described.

" 3. A collector for the small fry, consisting of a jar or vessel having

an inlet-tube and an outlet-tube, with an enlarged or cage filter on its

inner end immersed in said jar or vessel, as and for the purpose

described.

"4. The combination of the closed hatching-jar A, having tubes

A' B' for a forced circulation, and the collector B, having connecting-

tubes B2 and /, and a discharge-tube, A2
,
with a cage-filter, as shown

and described."

No. 277805.

(Livingston Stone, Charlestown, N. H.; patented May 15, 1883; fish-egg hatching

trough. See Plate CXLVII.)

This device is analogous to the well known " Williamson hatching

trough," but differs from it in construction, whereby it can be readily

taken apart and folded into a small compass for package or transporta-

tion. Instead of having the sides and bottom of solid wood they are of

light water-proof fabric or cloth stretched, laid, and fastened on longi-

tudinal bars connecting the wooden ends and partitions of the trough,

and confined thereto by cleats and screws. Each partition has a pas-

sage through it and is open laterally at top and bottom. Egg-hatching

trays are placed in its several larger compartments. The water passing

into the trough at one end flows from one compartment to the other

and upward through each series of trays and escapes at the other end

of the trough, which is notched, to allow the water to pass off at a

proper level.

CLAIM,

"The fish-egg-hatching trough, substantially as described, composed

of the notched end pieces, four connecting-bars, the series of notched

transverse partitions, and the water-proof cloth or fabric and its fasten-

ing cleats and screws, arranged and adapted essentially as set forth."

No. 256240.

(Charles N. Orpen, New York, N.Y.; patented April 11, 1882; aquarium. See Plate

CXLVIII.)

A tripod stand has a hook in its upper part from which the globe or

aquarium is suspended. The globe is of glass and is for holding fish or

water plants. It has a projecting threaded nipple on its top to which

is screwed a thimble, which has on its upper part an eye by which the

globe is suspended from the hook of the tripod stand. On each side of

the thimble the top of the globe has oval openings through which a cur-
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rent of air is maintained upon the surface of the water, keeping it cool and
pure. The openings also permit access to the interior of the globe for

filling it with water and for the introduction of tbe fish or water plants.

The upper portion of the stand may be provided with a vase for flow-

ers.

CLAIMS.

" 1. In an aquarium, a globe, B, provided with a threaded nipple, and
with small openings D, in combination with a thimble, C, substantially

as set forth.

" 2. In an aquarium, the combination, with a stand, A, provided with

a hook, a, of the globe B, having the thimble C and eye c and the oval

openings D, substantially as and for the purposes set forth."

No. 265255.

(John H. Scott, jr., and Albert A. Freeman, Philadelphia, Pa. ; patented October 3,

1882 ; method of preserving oysters and similar shell-iish. No drawing.)

The object is to make oysters and like shell-fish retain their liquors

and juices in their shells, preserve them alive for a considerable time,

and render them capable of transportation in natural and fresh condi-

tion, even without ice. This is to be attained by binding the shells

firmly together while the oyster or other mollusk is fresh and alive, by
wire made to embrace the shell, or by other clamping device.

The inventor says

:

" We are aware of attempts having been made to accomplish the

same purpose by dipping in paraffine, wax, &c. ; but this fails from the

fact that it makes them air-tight, the fact being overlooked that they

must have air to be kept alive ; also, the method of packing in barrels

with concave shell underneath ; but a turning of the barrel or package
permits the liquor or juice to escape, and they soon die."

CLAIM.

"The method of preparing oysters and other shell-fish for preserva-

tion and shipment, which consists in holding the shells thereof firmly

clamped together while tbe animals are in natural condition by means
of a binding-wire secured around the same, or equivalent clamping

device, substantially as and for the purposes set forth."

No. 295218.

(Fortonato Clemente Zanetti, Bryan, Tex.
;
patented March 18, 1884 ; aqnarinm.

See Plates CXLIX and CL.)

The object is to produce an ornamental and attractive suspension

aquarium in which the water may easily be renewed. A glass jar has

one foot or more formed integral with it. The upper edge of the jar is

provided with three thickened lugs perforated to receive hooks at the
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ends of chains by which the device may be suspended. The bottom

between the legs or at the side is thickened and provided with a con-

ical perforation through which the water may be drained off. For the

perforation a ground plug or stopper is provided. This plug, which is

of colored glass, porcelain, majolica, or other ornamental material con-

trasting with the white glass of which the jar is made, has an enlarged

head which forms an interior ornament for the aquarium, and which

may represent a man or woman, animal, plant, rock, house, or castle,

or any desired ornamental object.

CLAIM.

"The herein-described improved aquarium, consisting of the vase or

jar with a base support, and provided at its upper edge with the thick-

ened perforated enlargements for the suspending-chains, and having a

re -enforced bottom provided with an aperture, and a plug inserted from

within the jar and provided with an interior enlarged ornamental head,

as set forth."
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Scomberomorus maculatus 520

Scotland, assorting fish 348

drying fish „ 344

Scott, jr., John H., patent by 1098

Sea-trout fisheries of Norway 316

Seal fisheries of Norway 318

Seal, William P 511,514,516

Seine fishery of Key West 274

Serial temperatures record 82

Shad, development 523

Shad work by Fish Hawk 93

Lookout 98

Shark fisheries in Finmark 318

Sherwood, Willis H., patent by 1062

Shoals sounded on by Alhatross ... 43

Sinker for fish-nets patented 1012

fishing-tackle patented . 1011

Siphostoma fuscum 508

Sirenians, flukes 427

Sixe's thermometers 197, 198

Skinner, Merrill R., patent by 993

Smack fishery of Key West 258

Small, Michael S., patent by 1067

Small-herring fisheries of Norway. 316

Smelts 113

Page.

Smelts, planting 115

Smillie, Thomas W 533

Smith, Franklin R., patent by 1017

J. A., report on Lookout 97

Richard, patent by 1037

S. I., on decapod Crustacea.

.

605

SylvesterE 1010

Solger, B., cited 536

Sollers, Nathaniel D., patent by. .. 1051

South Side Sportsmen's Club 106

Spangler, A. M 133

Spanish mackerel, development 520

work 93,96

Spat culture, new methods 392

Specific gravities record 83

Spinachia vulgaris 514, 516

Sponge culture 249

fishery of Key West 246

fishing-net patented 1043

vessels, description 252

Spoon-bait patented. ..998, 1000, 1001,1004

Sprat fisheries of Norway 316

Spring-herring fisheries of Norway

.

315

Spring-hook patented 993

Stannius, H., cited 465,467,468

Starfish, catching, patented - 985

Stearns, Silas 15, 61. 228, 233, 249

Stickleback, development 511

habits of male 514

Stizostedium vitreum 519

Stoue, Livingston, patent by 1097

report 131

Storeggen Bank fisheries 318

Story, S. B 1054

Striped bass, hybridization . 504

Strom, Boye, on Norwegian fisheries 313

Struthers, John, cited 460

Swirski, Georg, cited 516

Switzerland, fish-eggs sent to 119

Syngnathus argentatus 508

ophidion 509

peckianus 509

Tagliabue, G. & J., thermometers. 191

Tahiti, pearls and mother-of-pearl . 353

Tait, Prof. P. G 194

Talisman, voyage 209

Tampa, new fishing-ground near.. 243

Tanner, Z. L 205

report on Albatross .. 3

Taxis, Edward W 186

Temperatures at stations 128, 129, 140,

152, 167, 175, 181
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Terrigenous deposits 775, 782

Thermometer rating blank L89

Thermometers, corrections Iti5

kinds used by F. C. 190

report on L85

tested, list of 189

Thompson, Wyville, cited 19:5

Thomson, Cathcart 1089

Sir William 195

Tiffany, David 13., patent by 992

Tilefish not found 41 ,
244

Tomcod, development 523

hatching 113

planting 115

Torpedoes on fishing-grounds 31

Torsk fisheries of Norway 31G

Trammer, C. W., patent by 1093

Trap-hook for fish patented 993,995

Trawl-roller patented 1034

Trawling record of Albatross 64

Triton, cruise 209

Trolling-hook patented 997

spoon patented 999

Trout at McCloud River Station.. 131, 139

breeding at Wytheville 103

dying at McCloud Station .. 134

True, FrederickW 475,481

Truman, E. B., cited 516

Tuamotu, divers 362

•-pearls and mother-of-

pearl 353

Turtle fishery of Key West 273

V.

Van Altena, Henry, patent by 1010

Van Bambeke cited 506

Van Beneden, E ., cited 490

Verrill, Addison E 723, 737

Vidal, jr., Victor, patent by 1014

Vogellus, Peter C, patent by 1081

Vom Hole, Edward C, patent by.. 1021

Julius, patent by 1015

W.

Wakeman, Archer, patent by 1031

Walk.-, E. H
Wallem, Fredrik M
Wall-eyed pike, development 519

Walters, F. A 415

Walther, Johannes, cited 517

Ward, Asa 228

Warren, A. F
Water-glass, use in fishing 255

Webb, Justice, patent by 1039

Webster, H. E., report ou Annelida. 7u7

Welles, Richard J., patent by 1042

Wentworth, R. A., patents by 990, 993

West, William, patent by 1 07

1

Whale fisheries of Norw ay 318

Whalebone preparation patented.. 1091

Whitcomb, Marciene H., patent by 989

White, Addison, patent by 1065

Charles A 417

White perch, development 518

Whitefish 109,121,12::

distribution 114

eggs sent abroad. ..117, 118, 11'.'

Whitman, C. O., cited 489,494

Whitmore, Osceola A 1047

schr. Fannie, assisted ..11, 228

Wilder, BurtG., cited . 47H, 477

Chas.,thermometermaker. 190

Williams, Thornton F., patent by. 1057

Wilson, Oliver G., patent by 1012

Samuel, patent by 1056

Winslow, Francis 383, 389, 419

Wolff, Julius, patent by 1080

Wood, Lieut. WiUiam M 91

Woodruff, John N., patent by 104o

Woodward, Professor 417, 11-

Worth, S. G ,
502

Wright, R. R., cited 543

Wylly, Lewis C, patent by 999

Wyman, Jeffries, cited 453, 533

Wytheville Station report 103

Z.

Zambra, Joseph Warren 199

Zauetti, F. C, patent by 1098

Ziegler, E., cited 490
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