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REPORT

COMMISSIONER OF FISHERIES.

Department of Cominieiice,

Bureau of Fisheries,

Washington, September 15, 1921.

Sir: I have the honor to present herewith a report giving a resume
of the operations of the Bureau of Fisheries during the fiscal year

ending June 30, 1921. The major captions under which the activities

are considered are inquiry respecting food fishes and fishing grounds,

propagation and distribution of food fishes, artificial propagation

of fresh-water mussels, relations with the fishery industries, Alaska
fisheries service, Alaska fur-seal service, and miscellaneous adminis-

trative functions.

inquiry respecting food fishes and fishing grounds.

importakce of the service.

The resources of the fresh and salt -waters of the United States

constitute great national assets as the means of livelihood of large

numbers of people, as the basis of important industries, and as a

conspicuous source of food. It is toward the manifold problems
relating to the perpetuation of the supply of raw materials that the

activities of the Bureau in biological investigation and experimenta-

tion are chiefly directed. It would be a shortsighted National or

State policy that allowed the fishery resources to decline indefinitely

or that failed to lay the basis of definite and exact knowledge neces-

sary for their maintenance and increase.

Notwithstanding the importance of this matter, the Bureau's
activities in this field have been seriously restricted, and at times

altogetlier suspended in certain lines, by the low and inflexible salary

scale whicli prevents the maintenance of a full staff of trained in-

vestigators. Under existing conditions some positions can not be
filled, while in others assistants are retained for only brief periods.

A further handicap is that promotions necessary to retain the

services of a competent employee can often be made only b}'' a trans-

fer and change of duty from a field in which the emploj-ee has
acquired skill to another in which he must have further experience

before he can be expected to render service in proportion to his gen-

eral ability. These and other disadvantageous conditions can readily

be remedied by congressional action allowing the Secretary of Com-
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merce to arrange salaries, within reasonable limits, with reference to

the efficiency of emploj^ees rather than to the titles of positions. The
entire subject of salary readjustment has been thoroughly studied in

connection with the reclassification of Government employees, and a
comprehensive and adequate salai*y schedule has been worked out by
various competent agencies. It is hoped that all the time and
thought devoted to the rectification of a chronic defect in the civil

service may not terminate in mere discussion.

STUDIES OF FISHES.

General investigation of the life history of the chinook salmon,
special studies of the salmons of Alaska, and an inquiry into the in-

jurious practice of taking immature salmon hj trolling and seining

off the mouths of Pacific rivers have been continued. It has been
determined in the last-named investigation that in the early part

of the season nearly three-fourths of the salmon taken are immature,
although later these fish constitute only a small proportion of the

total catch. Relatively few immature salmon are taken at the mouth
of the Columbia River, but a very considerable percentage of the

chinook salmon obtained by trolling in Monterey Bay are not pros-

pective spawners of the year. The facts ascertained obviously call

for appropriate regulatory measures, for the killing of immature
salmon is both economically and biologically wasteful. In the

evident belief that the matter can not be fully handled by the several

States, the United States Senate has passed a resolution requesting

the President to negotiate such treaty or treaties as may be needed

to secure to the salmon of the Pacific Ocean off the coasts of the

United States and Canada protection from unnecessary destruction

through wasteful practices, devices, and methods of capture. Dur-
ing the ] 920 season there were taken on their return to the Columbia
River a number of salmon that had been marked at the time of their

planting several years previously. Although the number of marked
fish recovered was limited, their study has afforded a basis for in-

ferences on both the natural history of the salmon and the value of

fish-cultural practices.

The study of the whitefishes and their relatives of the Great Lakes,

which had previously been conducted on Lake Huron, was extended

to Lakes Michigan and Ontario, and substantial progress was made.

As soon as the necessary field work in other lakes can be completed a

report of the results will be given out. The investigation takes ac-

count of species, distribution, places and seasons of propagation,

life histories, and food. The results are expected to afford a proper

basis for regulatory measures and guidance in artificial propagation

and may therefore be a means of bringing about a restoration of the

former abundance of these important fishes.

Considerable attention has been devoted to the food and distribu-

tion of fishes in interior lakes, the inquiries being intended not only

to afford guidance in regard to the stocking of waters, but also to

reveal the character of shores and border waters Avhich should be

preserved or maintained in order to promote the productiveness of

lakes in food supply. It has not been possible to give the river sys-

tems the study which is evidently required if the continual decline
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of important commercial ami <;ame fishes is to be cliecked, but tlie

Bureau lias, nevertheless, availed itself of the opportunities; occur-

ring to study extensively the conditions prevailing in certain por-

tions of the A'lississippi liiver and to direct a si)ecial inquiry into the

natural history and propagation of the paddlefish.

Coineidently with the prosecution and development of the marine
fisheries there is required a full understanding of the life histories

and migrations of the fishes involved and of the conditions of their

reproduction and growth. The Bureau has been attempting to sup-

ply the necessary data, and to this end has been conducting special

surve3^s of Avaters and special studies of individual fishes and groups
of fishes and has accumulated much valuable material. During the

year there was completed a report bringing together what was pre-

viousl}^ known and what has recently been learned of the natural
history of the fishes of one of the most important commercial fami-

lies, and there has been begun a compilation of the results of many
years of collection and study of material bearing on the life histories

and habits of the food fishes of the North Atlantic.

Announcement is made of the completion of the study of the fishes

of Panama as the Bureau's cooperative part in the Smithsonian
Biological Survey of the Panama Canal Zone. The survey was un-
dertaken several years ago to lay a basis for comparison of condi-

tions prevailing before and after the completion of the canal con-

necting the two oceans. The necessity of keeping the staff of the

Bureau occupied upon problems of immediate importance has de-

layed the completion of the study of the fishes until during the past

fiscal year.

MOSQUITO CONTROL BY THE USE OF FISH.

The cooperation of the Bureau of Fisheries having again been
sought by the United States Public Health Service in the anti-

malaria campaign in southern States, an assistant was detailed, as

last year, to give counsel and assistance to Federal, State, and local

health officials concerning the use of fish for the control of mosquitoes.

The value of this service is attested both by the statements of health

officers as to the results gained and economies effected and by the

report of the Surgeon General of the Public Health Service. Investi-

gations have been continued to gain additional information as to the

conditions of the most effective use of fish for destruction of mosqui
toes both in southern watei^. where the prevention of malaria is a

primary object, and in northern waters, where mosquitoes have a

recognized deleterious effect upon the efficiency of labor and upon
property values. As a result of the inquiries conducted in the north

the Bureau has been able to give helpful advice to v^arious munici-
palities and individuals.

FISH-CULTURAL EXPERIMENT WORK.

While national attention is directed to the important object of pro-

moting the productivity of lands, we generally taka w'hat the waters
produce as a gift of nature, something to be exploited and perhaps
protected, but not to be cultivated. As the culture of plants and ani-
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mals of the land can be made responsive to the application of scien-

tific principles and experimentation, so the culture of the products

of the ponds, lakes, and rivers may be increased by discovering

the favorable and the limiting factors of production. The necessary

investigative work involves careful studies of conditions character-

istic of rich and poor waters, observations of the relations existing

between fish and the other animals and plants with which they are

associated, and experimental work to test the effect of particular

factors upon the growth and multiplication of fish.

Wliile scant special provision has been made for strictly fish-cul-

tural experiment work, the Bureau endeavoi-s to take advantage of

such opportunities as are offered for work of this character, and these

are found principally at the fisheries biological station at Fairport,

Iowa. Experiments are conducted at that station to appraise the ca-

pacity of small ponds to support fish life, to determine the best plans

of pond management, to discover what species of aquatic plants or

animals should be introduced or fostered in fish ponds, and to make
fxsh-cultural methods applicable to species of fish not hitherto propa-

gated by artificial methods. Some experiments have also been con-

ducted in connection with fish-cultural stations to discover means
of reducing losses of eggs, fry, and brood stock, and of preventing

deterioration of fertility of brood stock. If adequate and perma-

nent provision could be made for the facilities and personnel of

experimental work of this nature, the interests of economy would be

served in the long run by increasing efficiency in all fish-cultural

operations affected. One of the results incidentally obtained at the

Fairport station—the devising of a new form of pond outlet which

has stood the test of several years' trial—has shown the possibility of

effecting substantial economies in the construction and maintenance

of ponds at all stations where earth ponds are used.

Another means of effecting permanent economies in fish-cultural

operations can be found in the reduction of disease or other causes

of mortality in hatcheries. To serve this purpose, the primary neces-

sity is a competent and permanent employee for the study of fish

diseases. The need was recognized by Congress when in 1915 it

established the position of fish pathologist as a part of the regular

scientific personnel of the Bureau. During the six years which have

elapsed since the position was created it has been vacant for one-third

of the time and during the remainder has been held by three incum-

bents, none remaining in the service long enough to make more than

an encouraging beginning. The difficulty has been that th.e salary

was inflexible and fixed at too low a rate to attract and hold the

proper man. The remedy is easily found in a readjustment of salary

conditions such as has been referred to in a preceding paragraph.

The position of fish pathologist was occupied during half of the past

fiscal year, and investigations were directed at the ovarian diseases

of fishes and the high mortality rate prevalent in all pike-perch

hatcheries. Utilizing the services of temporary investigators, the

Bureau has also made investigations of the losses of fish rescued in

warm weather, finding a practicable remedy, and studies of in-

jurious parasites of fishes.
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SURVEYS OF PARTICULAR WATERS.

For the proper conservation of fishery resources and for gauging

the necessity for and results of fish-cultural work it is important to

have the most complete knowledge of the natural conditions in waters

where tish propagate, gi'ow, ajjpear, and disappear under the con-

trol of factors now hut little understood. During the past year

such general investigations and surveys have been conducted both in

the North Atlantic Ocean and in Chesapeake Bay—two of the most

important sources of fish food and the locations of some of our

principal fisheries. A comprehensive report embodying the results

of observations gathered during a number of preceding years in the

Gulf of Maine is now in preparation, special consideration being

given to the life histories of the useful fishes and the conditions

governing their distribution. In Chesapeake Bay the field work of

the general survey has been completed, and it remains to compile and
report upon the large mass of data accumulated. The special field

studies of the occurrence and distribution of fish in the bay and
tributary waters is being actively prosecuted. Other studies of a gen-

eral nature have been conducted at relatively small expense in certain

interior lakes, in cooperation with the Wisconsin Geological and
Natural History Survey, and in the Mississippi River as a part of

the work of the biological station at Fairport.

An event of interest and promise was the formation during the

year of an international committee on marine fishery investigations

composed of three representatives from Canada, one from New-
foundland, and three from the United States. The function of this

committee is not to engage in joint work, but to serve as a ready
means of effecting interchange of counsel, coordination of plans, and
harmony in methods of marine investigations.

AID TO THE SHELLFISH INDUSTRIES.

The Bureau is rendering every practicable service to the oyster

growers in the difficult circumstances which confront them in certain

regions because of the failure of natural seeding. The conditions

during the season of 1020 were very unfavorable to experimentation,

and the work was further hampered by the loss in course of the

season of the assistant charged with major responsibility for the
investigations. The natural conditions in the beginning of the

season of 1921 seemed favorable for experimental work, and the

Bureau was able, as the results of the methods of study worked out

and followed during preceding years, to render direct service to

planters in the waters Avhere investigations were being conducted.

Progress has been made in the investigations to determine the effect

of pollutions upon oyster propagation, both through direct action on
the larvse and through imjiairment of the vitality of oyster larv83

or of the fertility of breeding oysters by exhaustion of oxygen supply
in the water.

Investigations of previous years had opened the way for artificial

propagation on a commercial scale of fresh-water mussels, on which
a very important button industry" depends. The nature and extent

704.54—21—-2
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of this work in the past fiscal year are elsewhere shown. Further
and practically continuous efforts will be necessary in order to supply
deficiencies in existing knowledge and to determine the effects of

fishing operations and regulatory measures on the mussel resources

of particular water areas. During the year there were distinct ad-

vances in experimentation, artificial propagation, and protection.

An experiment in recovering young mussels dropped from infected

fish retained in an inclosure gave a proportionate yield much greater

than had been assumed to-be necessary to justify the expenditures

for artificial propagation. Protection is, of course, a function of

the several States, but the Bureau has done much to stimulate in-

terest in the matter, and almost invariably the counsel of repre-

sentatives of the Bureau is sought by the States in determining the

portions of rivers to be closed against shelling operations for the

protection of mussels.

NEW SOURCES OF SEAAVEED GELATIN.

The investigation of gelatin derivable from seaweed was extended

during the year to certain species of red algae of the Pacific coast,

with the result that a new source of agar-agar of superior quality

was disclosed.

Agar-agar is the commercial name applied to a gelatinous product

of certain red algse which is imported from Japan, China, and other

places. The importations in 1919 amounted to nearly a half million

dollars. Agar is used in making foods and confections, but its

principal importance arises from the fact that it is a necessary

medium for bacteriological work and is, therefore, essential to medi-

cal laboratories and hospitals. Four species of algae from the Pacific

(joast were the subject of experimentation, and agar prepared from
one of these tested .at the Army Medical School in Washington was
pronounced equal or superior to the imported agar, while another

species yielded a product apparently of hke quality.

The discovery of domestic raw materials from which this important

})eculiar product may be made is a noteworthy event. In order that

both Government and private interests may hereafter be independent

of foreign sources of supply, further investigations should be con-

ducted to determine the availability and locations of the proper algae

on our coasts as well as the suitability of other species than those

used in the experiments already made.

ACTIVITIES OF THE BIOLOGICAL LABORATORIES,

The situation with regard to the marine biological laboratories

remains distinctly unsatisfactory. The anomalous salary conditions

make it hopeless to secure and retain a competent scientific staff,

and the positions are generally vacant. While the stations at Beau-
fort, N. C, and Key West, Fla., have been virtually nonproductive
during the past year, it has nevertheless been necessary to incur ex-

penditures for maintaining the property. It has not, however, been

practicable to prevent deterioration of the properties without more
drastic curtailment of activities in other directions than seemed con-

sistent with the accomplishment of a reasonable measure of public
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service. Tlie Woods Hole (Mass.) laboratory was in operation witn
n small scientiHc statF in the summer of 1920, but it was impracticable
to reopen it in the summer oi' 1921.

In the last annual report (pp. 22 and G2) reference was made to
the new building nearin<»; completion at the Fair^^ort (Iowa) station.

The building was occupied in August, 1920, and has been found ex-
cellentl}'^ suited for the purposes of fishery investigations. On two
occasions during the year it was the scene of conferences of national
scope for consideration of questions affecting the conservation of
resources of interior waters and the application of scientific studies
to that end. Both conferences, but particularly the one held June
8-10, 1921, brought together persons of varied interests from many
States and were most helpful in affecting interchange of ideas and
promoting harmonious action to the end that more care may be taken
to insure the permanency of fishery resources.

PROPAGATION AND DISTRIBUTION OF FOOD FISHES.

OUTLINE OF THE WORK.

The fish-cultural activities of the Bureau are directed to the main-
tenance of the existing aquatic resources of the country and the de-
velopment of new sources of supply by the stocking of barren Avaters
and the introduction of useful species into waters to which they were
not indigenous. In this work the Federal Government operates
along the same lines and with the same object as do many of the
States. Five distinct functions are involved in this service, namely,
the collection and fertilization of the eggs of food fishes, the incuba-
tion of the eggs in hatcheries, the feeding and rearing of the young
of certain species, the distribution of fishes (and, in some cases,

eggs) for planting in suitable waters, and the rescue of fishes from
landlocked flood waters of the Mississippi Valley.
The principal source of the fish eggs handled by the Bureau con-

tinues to be the commercial fisheries, in which vast numbers of eggs
that would otherwise be sent to market in the fish and be a total loss

are obtained for hatching purposes by experienced spawn takers. In
the case of some important fishes, notably, but not exclusively, the
salmons of the Pacific coast, where commercial fishing does not ex-
tend to or is not permitted in the spawning areas, the ripe fish are
caught in seines or traps and their eggs are removed, the object
being to bring about a higher percentage of fertilization than is

possible under natural conditions and to afford to eggs and resulting
young protection from enemies and physical fatalities during and
immediately after the hatching period. Eggs in noteworthy numbers
are obtained also from domesticated fish held from year to year in
ponds at the stations.

No material increase in the scope and magnitude of the fish-cultural
work was possible during the yea.r. With the available operating
funds remaining the same, the most careful scrutiny of expenditures
and the closest application of employees to their duties have been
required to maintain the service at its existing standard of etticiency.

The fish-cultural operations in 1921 were conducted in 33 States,
Alaska, and the District of Columbia, and the output reached every
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State and Territory. The number of fino;erlino;s handled was '226,-

."89.5-15, fry agg:regated 3,626,262,730, and the fertilized eggs assigned

to State hatcheries or planted on the natural spawning grounds of

the respective species numbered 1,109,637,130. The following table

gives a summary of the output of each species

:

Summary, by Species, of the Output of Fish and Fish Eggs During the
Fiscal Year 1921.

Species.
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distributing fishes of the interior waters, whicli are assigned on re-

quests of individuals, fish associations. State fishery officials, and
officers of the National Park Service and Forest Service. Fishes rep-

resenting the commercial species are usually planted on the Bureau's

initiative on the spawning grounds from which eggs are derived and,

in some instances, in barren waters where the conditions favor the

development of new and promising fisheries.

In the Bureau's estimates of appropriations for the fiscal year 1923,

under the item for the propagation of food fishes, there has been in-

serted a clause which is intended to bring to the attention of Congress
the desirability of instituting a new policy in the distribution of fish

produced at the Government hatcheries or obtained in the course of

the regular operations. This clause provides that the Secretary of

Commerce may make a reasonable charge for fish supplied for plant-

ing in any waters in which the public is not allowed to take fish.

RELATIONS WITH THE STATES IN FISH CULTURE.

The numerous States engaged in fish culture are laboring for the

same purposes that actuate the Bureau in its operations Avithin the

respective States. The field is large, the need for very extensive work
is nearly everywhere apparent, and there is no conflict of authority or
duplication of effort between the States and the Federal Government.
Under the cooperative arrangements that have been made the practi-

cal efforts of one agency supplement and augment those of the other,

with maximum benefit to the public.

The Bureau acknowledges invaluable assistance afforded by the

States during the past year, resulting in reduced expense, augmented
output, and increased efficiency in stocking waters. Joint occupation

of productive collecting fields and the use of State hatcheries for the

incubation of eggs provided by the Bureau, the young fish being
planted by the State in local waters in accordance with previous plans,

have continued to be features of the interrelations with the States.

In the fiscal j^ear 1921 the fish commissions of 28 States were assigned

fish and eggs, as set forth in detail in the following table

:

Assignments of Fish and Fish Eggs to State Fish Commissions During the
Fiscal Year 1921.

[All agures are for eggs unless otherwise indicated. FingerlLngs are designated a and fry b.]

State and species.
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Assignments of Fish and Fish Eggs to State Fish Commissions, etc.—Con.

state and species. ; Number.
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ings have been razed, and the lumber therein has been used in con-
struction work elsewhere.

Mutually profitable cooperative relations have continued between
the Bureau and tlie Dominion and provincial fishery authorities of
C{inada. The collecting of spawn of the \Yhitefish and the cisco in

the (ireat Lakes has thus been facilitated, and an exchange of trout
eggs for Atlantic salmon eggs has been effected.

COOPERATION WITH FISH-PROTECTIVE ASSOCIATIONS.

A matter of great interest in connection witli the fish-cultural

work in interior waters is the rapid increase within recent years in
the number of fish-protective associations throughout the country.
Generally speaking, these organizations are composed of the leading
citizens of the community, and the influence they exert in maintain-
ing the fishery resources of the minor waters and in securing a proper
utilization of those resources is most beneficial to the public at large.

They make a practice of securing the services of men of experience
in the stocking of local waters with fish life, and in some cases they
maintain, at tneir own expense, ponds in which to rear to a larger
size consignments of young fish obtained from State and Federal
hatcheries for planting in public streams, ponds, and lakes. Another
important service rendered by such organizations is the respect they
inspire for the State fish laws, as most of them advocate adequate
protective laws and their rigid observance by their members and the
public. The Bureau has been pleased to cooperate with such organi-
zations in the stocking of local waters with the most suitable kinds
of fish. The cooperation has had the effect of reducing the expense of
distribution and of increasing the chances of survival of the fishes

planted.

HATCHING OF RIVER FISHES OF THE ATLANTIC SEABOARD.

Hatcheries for the commercial fishes of the Atlantic coast rivers are
located on the Penobscot River in Maine, the Potomac River in Mary-
land and Virginia, and Albemarle Sound and Roanoke River in

North Carolina,
A full discussion of the circumstances attending the artificial

propagation of Atlantic salmon on the Penobscot River was con-
tained in the last annual report. The disinclination of the Bureau to

continue paying to Penobscot fishermen a bonus for the careful
handling of adult salmon purchased from them resulted in the refusal
of many of them to sell their fish to the Bureau. The local collection

of Atlantic salmon eggs was therefore considerably smaller than
usual, but it was augmented by the receipt of 600,000 eggs from Cana-
dian hatcheries, in return for Avhich the Canadian Government was
furnished an equal number of eggs of the black-spotted tiout and
rainbow trout. While it is probably true that the careful handling
of salmon taken in the weirs involves a small amount of extra work
to the fishermen, this is believed to be more than offset by the benefits

accruiug to them from the hatchery. Hence, the Bureau feels justi-

fied in discontinuing the payment of this so-called bonus. Under the
existing arrangement each fisherman receives the market price for his
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fish at the time of delivery, and to avoid constant weighing an aver-

age weight of Hi pounds per fish has been established as a basis for

computing the cost, this being conceded by the fishermen as a very

fair average. The fish thus purchased are released immediately after

their eggs are secured, and they undoubtedly return to the river in

appreciable numbers in subsequent years. The point of greatest im-

portance, however, is the salvage of a very large percentage of the

immature spawn contained in the fish at the time of capture for

market.
The shad hatcheries on both the Potomac River and Albemarle

Sound were adversely affected by peculiar climatic conditions that

prevailed during the spring of 1921. In the former field the first

eggs were taken on March 22, the earliest recorded date for spawn-

ing shad on the river. This premature spawning was undoubtedly

brought about by the warm weather and consequent high water-tem-

peratures prevailing in the latter part of February and in March,

the minimum water temperature recorded at the Potomac River sta-

tion during March being 10° F. An unfavorable reaction was occa-

sioned by the abnormally cold weather in April and early May, when
the season was brought to a close. Equally unsettled weather pre-

vailed in the Albemarle Sound region, and to this fact, together with

the very extensive fishing operations permitted in the sound, the re-

duced output of the station is due.

It should not be necessary to emphasize the great need for imrne-

diate restrictive measures if the shad is to be saved in the few remain-

ing rivers where the run still persists in sufficient volume to be com-

mercially attractive. The subject has been a prolific source of dis-

cussion, but the various States most intimately concerned and re-

sponsible for the conditions have apparently made no progress toward

ameliorating the situation. It is pertinent to note that the weather

which was so unpropitious for the hatcheries actually favored a large

catch of fish in the pound nets in the lower reaches of Chesapeake

Bay and Albemarle Sound.
'^'^ery good results attended the initial attempt to propagate the glut

herring or alewife on Albemarle Sound, and over 55,000,000 eggs

were collected for the Edenton hatchery and nearly 11,000,000 fry

were produced. The hatching of striped bass on the Roanoke River

was conducted as usual in the spring of 1921, and, notwithstanding

unfaA'orable weather, the collection of eggs, amounting to 21,620,000,

was larger than in any previous season.

PROPAGATION OF COMMERCIAL FISHES OF THE GREAT LAKES.

The most important commercial species of the Great Lakes—white-

fish, cisco, lake trout, and pike perch—were handled along the custom-

ary lines, and, with the exception of the lake trout, all showed a

satisfactoiy increase in output as compared with the previous year.

This increase was made possible largely by favorable weather con-

ditions, although in the case of the cisco the egg collections were

greatly augmented by the receipts from new fields in the Canadian
waters of Lake Ontario.

The need of a hatchery at some point on Saginaw Bay to take care

of the immense numbers of pike perch and yellow perch eggs avail-



REPORT OF THE COMMISSIONER OF FISHERIP:S, 17

able ill that field and now f»;c)inp to waste was apain demonstrated by
the collection of upward of 277,000,000 eggs of the former species.

Owing to the lack of hatching facilities most of these eggs had to be

sent to the State hatcher}' at Detroit for development.
In response to the continued demand for Government aid in main-

taining the supply of cai-j) in the western end of Lake Erie, large

numbers of eggs of that important fish w<'re obtained for hatching
in cooperation with the Ohio fishermen.

PROPAGATION OF THE PACIFIC SALMONS.

Hatching and rearing of the Pacific salmons are conducted in Cali-

fornia, Oregon, Washington. Idaho, and Alaska, and all of the five

species, together with the steelhead, are usually handled, although in

the past fiscal year no eggs of the pink salmon were secured.

There was a good run of chinook salmon in the Oregon and Cali-

fornia fields, and the only reason for not obtaining record-breaking

collections of eggs was that vei-y heavy floods occurred at the height

of the spawning season, permitting the escape of the fish that were
being held below the racks. The floods were especially severe in Cali-

fornia, interrupting all. railroad and highw^ay travel for a number
of days. The work was therefore a practical failure at all points in

those States.

At the new location on Snake River, Idaho, a collection of 6,000,000

chinook eggs from the spring run of salmon was made. The floods

in this region during the fall of 1920 were in sharp contrast to the

conditions encountered during the preceding fall, wdien the prevail-

ing drouth and low-water stages in the spawning streams were such

as to seriously handicap the work.
Owing to the limited funds available for salmon work in the

Washington field, the two substations closed last season were not
reopened. The run of chum salmon in Hood Canal w-as considerably

larger than last year, thus permitting increased egg collections at all

the Federal stations in that region. This outcome is attributed to

less extensive commercial fishing as a result of the decided drop in

price. The operations at Baker Lake were even more favorable than
last year, and the collection of sockeye salmon eggs, amounting to

nearly 12,000,000, was the largest since the establishment of the sta-

tion more than 20 years ago ; these eggs were taken from 3,645 fish.

The experiment recently undertaken at the substation at Quinault
Lake for the purpose of d't^monstrating the relative efficiency of
artificial propagation and natural reproduction has been temporarily
postponed, as it w^as found that many of the fish passing through the

counting weir were being gilled in the 4-inch mesh Avebbing used in

its construction. Approximately 12,000 fish had been counted before

the necessity for discontinuing the work became apparent.

At the Yes Bay (xVlaska) hatchery no egfi; collections whatever
were attempted during the fiscal year, and fish-cultural work was
restricted to the incubation of a limited number of eggs transferred

from other points. This course was necessitated by the condition of
buildings, water-supply system, and equipment. In order to prevent
complete deterioration of valuable property, extensive repairs and
improvements were required. No special appropriation for this

70454—21 3
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purpose was allowed by Congress, and the allotment ordinarily made
for the re<>nlar operations of the station had to be devoted to uj^keep

of the plant.

There was again a large run of sockeye salmon into Litnik Lake,
on which the Afognak station is located, and while the egg collec-

tions were not equal to the previous vear's, when the hatcher}' was
filled and additional eggs were taken for incubation in gravel boxes,

the shortage was caused l)y the occurrence of floods during the spawn-
ing period rather than to any diminution in the run of fish.

^\.s evidence of the trend and progress of salmon culture on the

Pacific coast, it may be noted that of the 124,484,000 salmon planted

by the Bureau in the last fiscal year 92.0(U),()()0. or over 71 per cent,

were of the finger! ing size.

cui/ri\ A riox of fishes of ixterioij lakes axd streams.

The diversified and witlespread fish-cultural work addressed to the

food and game fishes of the streams and minor lakes of the interior

has been conducted along the usual lines. The principal species in-

volved are various fronts, landlocked salmon, black basses, crappies,

sunfishes, and buffalofish. One of the fishes in this class most in

demand and m;>st desirable for planting over a wide range of coun-

try is the eastern brook trout. The production at all the trout

stations is not sufficient to meet the demand, and recourse has been

had to private hatcheries for supplies of eggs. The high prices now
asked for such eggs, liowever, have necessitated a curtailment' of pur-

chases, and the shortage has been augmented by a poor take of eggs

in Colorado, usually one of the most productive fields. The situation

emphasizes the desirability of developing as rapidly as possible the

proposed brook-trout station in the White Mountain National Forest

at a site that has been made available to the Bureau through the

courtesy of the Forest Service and the State of New Hampshire. A
larg-'e part of the preliminary work connected with this project has

l)een completed, surveys have been made, a road constructed, tele-

phone line installed, a portion of the pond extension site cleared, and

a temporary dam constructed. The officers of the Forest Service

have rendered valuable assistance in the accomplishment of this

work, but the station can not be fully developed and put in opera-

tion until additional funds are provided. The special appropria-

tion requested for the purpose seems very small when compared with

the results that may reasonably be expected from such an under-

taking.

Successful results attended the fish-cultural activities of the sta-

tions in the Rocky Moimtain region, with the single exception of the

Colorado field, where the work was adversely affected by the in-

clement weather and the serious difficulty in transporting the eggs

from the isolated field stations. Good collections of rainboy trout

eggs were made in Madison Valley, Mont., notwithstanding the

continuous cold and stormy weather prevailing throughout the

spawning season. Aside from other valuable assistance rendered

by the Montana Game and Fish Commission, the Bureau is indebted

to it for its entire output of grayling. The work in the Yellowstone

National Park was of a satisfactory nature, and upward of 2,000,000
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young blackspottcd trout \\v\v rotuincd to its waters during tlie

season. The (llacior National Park hatchery was well stocked with
eggs shipped from other hatcheries and i)i'0(luced tlierefroni an out-
put of over 'i.OOO.OOO fry and lingerlings of the brook trout, rainbow
trout. blacksj)<)tted trout, and grayling, in addition to approximately
4r)(),0()() lingerlings which weie oii hand at the (dose of the year.
Under the handicap of exceedingly dillicult natural conditions suc-

cessful rainbow front collecting operations were conducted in Wyo-
ming on Sage Creek, Lost Creek, and Canon Creek, the two last
named being in fields which have never heretofore been exploited.
The results obtained, despite the very limited means available, ap-
pear to demonstrate beyond question the wisdom of establishing a
l)ermanent collecting station on Sage Creek in order that the work
may be haiulled in a manner in some degree commensurate with the
?otential value of the field. This stream is a tributary of the North
'latte Kiver. and as the other streams mentioned are within a few

miles of it the eggs obtained from them and from other collecting
points in the Pathfinder reclamatitm project could be assembled and
incubated in a properly equipped hatchery on Sage Creek.
The efficiency of the Spearfish (S. Dak.) station has recently been

increased as the result of an arrangement with the cit}' authorities of
Spearfish. Tender the i)rovisi()ns of a long-tei-m lease the Bureau
has secured without cost all surplus water from a reservoir lately
constructed by the city. "While this arrangement is satisfactory^ and
gives the station an ample amount of water during the greater part
of the year, with a surplus most of the time, the supply falls to a
minimum during summer, when unusually large amounts of Avater

are used for domestic purposes. In order, therefore, to provide
against a shortage of water for the work at au}^ season, it will be
advisable to provide a storage reservoir for emergency use. A suit-

able reservoir can be constructed at small cost by placing a dam
in a canyon on ])roperty adjacent to the Bureau's reservation, and
with this additional outlay the station would be assured of an ade-
quate water supply for an indefinite period of time.

In the propagation of the domesticated rainbow trout the results

shoAV continued improvement as to both quality and quantity of eggs
and fry. Small consignments of eggs taken from wild rainbow
trout at the western stations have been transferred to the eastern
hatcheries from time to time to maintain the virility of the brood
stock, and by this means no difficulty whatever is experienced in pro-
ducing this species in sufficient numbers to meet all requirements.
Recent anatomical studies of the rainbow trout conducted by the
division of scientific inquiry have disclosed a number of facts relating
to the reproductive organs of the female fish that have heretofore
been overlooked or were not understood at the hatcheries and may
have an important bearing on fish culture, especially Avith regard
to the numipulation of sj^awning fish. The experiments Avere con-
ducted at the Wytheville (^^a.) station, and preparations have been
made to continue them indefinitely at tlie ErAvin (Tenn.) station,

or imtil the problems involved can be fully worked out. The scien-

tific division has also rendered assistance in overcoming the mor-
tality which usually occurs among adult trout at spawning time.

A careful examination of specimens of trout djdng during that time
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has revealed the cause of death in many cases, and remedial measures
have been suggested to the superintendents of trout stations.

Efforts to hnd a satisfactory food for young salmonoid fishes at a
lower price than the expensive meat products in general use have
been continued. Canned herring milt has been found to have some
value when used in combination with meat, but used alone it has not
yielded good results, as it appears to lack some important require-

ment of a full meat diet.

Climatic conditions during the 1921 nesting season of the basses

were very unfavorable for a large output of fish. A period of
unseasonable warmth in March unduly advanced the spawning
season. This was followed by a cold spell in April and variable

weather in May, such conditions appearing to prevail all over the
country. A sudden fall in water temperature invariably causes

spawning bass to desert their nests, with a subsequent loss of the eggs
deposited. The bass output was therefore curtailed at practically

all stations, and at some of them it v^^as a complete failure.

In cooperation with the fisher}^ authorities of Minnesota, investi-

gations were made with the view of determining the feasibility of
making collections of pike-perch eggs in the Rainy Lake region of

that State. Operations were conducted at two sites, and eggs to the

number of 13,680,000 were obtained as the Bureau's share of the
returns.

On the Atchafalaya Eiver, in Louisiana, 96,440,000 eggs of the
buffalofish were taken between February 27 and March 25, 1921, the

collections being materially reduced below those of the preceding
year by the short spawning season and the small numbers of fish

available. These unfavorable conditions are attributed to the late

rise in the river, which, occurring in January, acted as an incentive

to the fish to pass by their usual spawning grounds and seek more
inaccessible spots in the denser portion of the flooded swamps. The
catch of fish along the river was reported by local fishermen to be the

smallest since 1913.

Taking advantage of an opportunity^ to save eggs of buffalofish

and carp on the Mississippi River at Bellevue, Iowa, and Lynxville,

Wis., during the spring of 1921, the Bureau collected 68,267,000 eggs
of the former and 42,712,000 of the latter species, all of them being
secured from fish caught for the market by commercial fishermen.

The eggs were fertilized and immediately planted on the spawning
grounds in the river.

HATCHIXG OF MARINE FISHES.

Operations in this branch were conducted at the usual points in

Maine and Massachusetts and were addressed to the cod, pollock,

haddock, winter flounder, and pole flounder. The weather through-

out the spawning season of the various species was favorable, result-

ing in the taking of eggs of better than average quality at a lowered
cost of production. There was a reduction in the number of cod and
pollock eggs taken as compared with the previous year. A rather

sharp decline in the price of pollock deprived the local fishermen of

an incentive to pursue the fishery, and the catch at Gloucester fell

off about 70 per cent. The collection of eggs for hatching purposes
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was necessarily affected, as the only source of supply is the fish

cau^dit for mai-ket. As ajrainst more tliau {)r)4,000,0()() taken in 1920,

the past season's collections reached only GaO.OOOjUOO.

The shortage in cod efj<rs may be ascribed to somewhat similar,

thouo;h not identical, conditions. The body of cod on the shore

grounds appeared to be smaller than usual, and as the market price

of haildock offered more lucratiye employment for the fishermen

comparatively few boats cn*ra<re(l in the cod fishery. Egc; collec-

tions of this sjKH'ies in the (Houcester field amounted to 210,040,000,

while 214,702,000 were secured from brood fish held at the Woods
Hole hatchery. Haddock e^rgs to the number of (529,120,000 were
obtained for the Gloucester station l)etween January 22 and April 29,

1921, this number exceeding the previous records for that species.

Weather conditions were generally favorable for flatfish propaga-

tion, and the efrvr collections at all stations aggregated 1,980,291,000,

an increase of IT

5

,()()<).000 over the previous year. High water-tem-

peratures occurring toward the latter part of the season in the Woods
Hole region and an unusually early ending of the spawning in Maine
waters were factors in curtailing the take of eggs.

The artificial propagation of the pole flounder {Glyptocephalus

cynoglossus) was undertaken by the Bureau for the first time dur-

ing the past year. The presence of this fish in New England waters

has long been known, but, because of its peculiarly small, soft mouth
it was not taken by fishermen on the hand lines and trawl lines com-
monly used. With the cominfr into general use of the otter trawd in

the siiore fislieries of the section the pole flounder has made its ap-

pearance in the markets in constanth^ increasing numbers, and be-

cause of its food value and excellent flavor it commands a ready mar-
ket at a high price. With the view of encouraging and assisting a

new and growing industry an experienced spawn taker was detailed

to investigate the spawning habits of this species. A close watch
was kept on the fish landed at the markets during April and ]May,

but no fully matured eggs were found until May 22. From that date

to the end of June 19,410,000 eggs were collected, fertilized, and
planted on the spaAvning grounds, and several small lots were taken

to the Gloucester hatchery for observation. The eggs are semibuoy-

ant, nonadhesive, and about 0.05 of an inch in diameter, measuring
approximately 462,000 to the fluid quart. Those placed in a Chester

jar for incubation did not survive, bu1> the freer circulation of the

McDonald tidal box appeared to meet their requirements. It is be-

lieved that the hatching of this fish can be profitably extended during

the coming season.

RESCUE OPERATIONS IN MISSISSirPI VALLEY.

The salvaging of food fishes in the oAcrflowed waters of the Mis-

sissippi and Illinois Rivers has continued to be a prominent adjunct

of the fish-cultural service. In the 1920 season, as early as the water
stages would permit, this work was begun and continued without in-

termission as late as weather conditions were favorable. Owing to

the persistence of high water much beyond the usual time, many
millions of young fish, which under onlinary circumstances would
have been left to perish in isolated pools and sloughs, were able to
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return to the inaiii river eliannels. Tlie permanent employees of the
Bureau, supplemented by a force of temporary men, were oriiani/ed
into units equipped with'boats. seines, and vessels for holdino- the hsh,
and the most ]n-oductive river sections were systematically covered
in the manner fully described in previous reports. When the opera-
tions were broujiht to a close on November 10, the number of fishes
rescue<l and replanted had reached 120,656,420, consisting of catfish,
bufl'alofish, carp, black bass, sunfish, crappie, and other food fishes
of the region.

Tile striking results, undoubted benefits, and low cost of this work
connnend it to everyone familiar with it and warrant its extension
over all parts of the Mississippi Valley where flood waters become
cut off from the main streams. There are both opportunity and need
for the annual salvaging of untold millions of food fishes in this
region, and the Bureau has noted with great satisfaction the passage
by the House of Bepresentatives of a bill giving formal recognition
of this intensely practical work and making financial provision for
enlarged facilities and personnel for its prosecution.

DISTRIIU TIOX OF MOSQUITO-EATl XG FISHES.

The fish-cultuTal service has been called on to supjjly lots of the
mosquito-eating fish Gambusia for consignment to foreign countries.
The fish were collected at several southern stations and were desired
because of the success that has attended their employment in this
country in eradicating malarial mosquitoes.

In response to requests from tlie League of Red Cross Societies,

with headquarters in Geneva, Switzerland, shipments of these little

minnows were nuide to Italy and Sjiain, and pursuant to a request
coming through the usual diplomatic channels, a consignment was
furnished for the Govei-nment of Argentina. A lot supplied to the
international health board was destined for Porto Rico. All these
fish were intended to be used in antimalarial work.
Inasmuch as the top minnows can be grown in the reserve ponds

of various southern stations or- collected in near-by waters at little

or no expense, it seems i)roper for the Bureau to be in position to
meet reasonable demands for this fish, especially in view of the active
participation of the Bui'eau in recent campaigns for the eradication
,of mosquitoes by the use of this species.

ARTIFICIAL PROPAGATION OF FRESH-WATER MUSSELS.

lender the general direction of the fisheries biological station at

Fairport, Iowa, extensive work has been done, as heretofore, in the
proj)agation of ])early mussels native to the Mississippi River and
tiibutaries. During the fiscal year 1921, 169,740.050 glochiclia, or
larval mussels, in a condition of ])arasitism on fishes, Avere liberated
in public waters, as compared with 188,021,720 in the ])revious year.

The fish hosts used for inoculation with glocliidia were salvaged from
overflowed waters, chiefly in the vicinity of Fairport, Iowa, and New
Boston. 111. The number of fishes rescued was 976,550, of which
40,020 were adults, and the numl)er infected Avith the glochidia of
appropriate mussels before being liberated was 50,268.
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Two si)iM'ies of conuiu'rcjal imissi'Is witc liaiidlcd in this work, tlu^.

Lake IVpin mucki't {Ldvips-Uix hitcohi) and the rivoi- niiifkct

{Lamiisilis I/</((/iu'/i//iif(), tlio last l)iMn<r |)i'()i)a<riil('d in only limited

minihors. The infected fish were liberated in Lake P()k<'<rania, Minn.,
and in the Mississii)j)i lvi\ei' at the followin^^ places: Laki> Pepin,
Minn, and AVis. ; Minneiska. Minn.: Lvuxville, AVis. : Faii-port,

Iowa; New Boston. 111.: and Lake Keokuk, Iowa and 111. Opera-
tions M'ere not conducted in Arkansas as in previous years, owin<r to

the impracticability of ol)tainin<r the necessary labor and e<iuii)inent.

The cost of mussel distribution. includin<; overhead station expt-nse.

was $0.()r)cSl j)er thousand, as conipai-ed with J^0.()^>(^2 in lOiiO and
$O.OGSJ) in 11)1!).

Followino- is a detailed tabular statement of the number of larval

mussels of each species deposited in the .stated places:

Iy(w;vlit V.

Lake Pokegaina, Minn
Mississippi River at Lake Pepin
Mississij)])! River at Minneislca, Minn
Mississipjii River at J.ynxvillc, Wis
Mississijipi River at Fairporl, Iowa
Mississippi River at New Boston, II!

Mississippi River at Lake Keokuk. Iowa and ill.

Miickot.

2,1.53,000
2.50, 000

Total. 2,403,000

Lake Pepin
niueket.

77,781,750
44, 12S, KOO

4, 1%,3(K)
14,3(K)

I

2S. 1.5S,S.5() :

13,057,0.50 I

Total.

77,7S1,750
44.12.S, HOO
2, 1.53.(KH)

4, l!t;,;{00

14,300
2,S, 1.5S, 850
13,0.57,0.50

167,337,050 169,710,0.50

In order to supi)lement the efforts of the Bureau in increasing- the

supply of i)eariy mussels on which the jiearl-button industry tlej)eiuls

and to demon.strate the possibilities of mussel proi)aoati()n in con-

nection with the txtensive operations in rescuinir food fishes, the
National Association of Button Manufacturers offered to cooperate
with the Bureau by providinii^ men to accompany each i-escue crew
on the upper river and to inoculate all fishes with the fjjlochidia of
the Lake Pepin nmcket. the most im|)ortant of the local mus.sels.

Seven aiients of the button manirfactureis cooperated with seven
crews working; under the direction of the suj.erintendent of the
Homer (Minn.) station, and durinf^ October and November inocu-
lated nearly O.OOO.OOO fish with ^locliidia. estimated to number up-
ward of 478,70 ").()()(). ]\liiterial coo[)eration of tliis nature by an
association of busine.'-s men is a source of gratification to the Bui-eau
as evidence of a cordial spirit and of faith in the practical value of

the service rendered in the ]:)ropafration of river mussels.

RELATIONS WITH THE FISHERY INDUSTRIES,

si .MJFMtY OF CONDITIONS AND ACTIVITIKS.

For several years the American Hshin<r industry luis been ex-
periencing a critical c(mdition to which various factors have C(m-
tributed. During the Great AVar there was a universal demand for
increased food production, to which the fisheries responded by pro-
viding augmented facilities for capturing and handling fishery

products. Immediately following the war the demand for and the
consumption of fish declined sharply at home and abroad, and an
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immediate curtailment in production became necessary before the
projiJ:ram of expansion liad been completed and while the costs of
labor and materials were still advancing. Prices of fishery products
for domestic use and for export fell and operations in many fields

became unprofitable. Thus the fishino; industry was one of the first

to feel the necessity for postwar readjustments and to respond to
that necessity.

As instances of recent marked changes in the fishery industries
it may be noted that the decreased production of the New England
vessel fisheries between 1918 and 1920 exceeded 25,000,000 pounds, the
pack of sardines in Maine and California fell off 800,000 cases, and
the output of canned salmon dropped 3,000,000 cases. The curtail-
ment of operations in 1921 promises to be even greater in certain
branches, as the trawler fleet of New England has been idle much of
the time and a reduction of 50 per cent in the number of operating
canneries is i-eported, and because of unsettled conditions in the oil

and fertilizer trades a number of Avhaling and menhaden plants have
been idle. As indicative of the trend of the great foodfish fisheries

out of New England ports the landings during the first six months
of 1921 compared with the same period of 1920 showed a decline of
nearly 15 per cent in quantity and over 31 per cent in value, and
the average ])rice of all fish dropped from 4.6 cents to 3.68 cents
per pound. The unfavorable situation has been further compli-
cated by high transportation rates on fresh fish, which have dis-

couraged shipments and shortened the distances over which it is

practicable to send many of the low-priced fishes. It is to be said to

the credit of the industry that it is striving wholeheartedly to meet
the untoward conditions, to make sacrifices, and to practice such
economies and to adopt such new ])olicies as may be necessary to cope
with the situation.

Under these circumstances it is not surprising that there should
have been a widespread public appeal to the Bureau for some kind of
assistance. Without enlarged provision of authority and funds for

work in this field the l'>ureau''s ability to serve the industry has of
necessity been limited. Nevertheless, it has been able to render prac-

tical aid in numberless cases by suggesting ways and means for effect-

ing improvements or economies in the methods of handling, manu-
facturing, and merchandizing water products and by widely dis-

seminating timely statistical and other information for the use of

fishermen, dealers, manufacturers, and consumers.
The following may be mentioned among the activities during the

past year : The initiation of a fishery intelligence service on the north-

east coast for supplyiuLf information relative to the presence of

schoolinir fish; the effecting of arrangements for an extended trial of

seaplanes as an adjunct of the fisheries; the collection of information

regarding the construction and operation of little-known types of

fishing gear that are adapted for more general use in our fisheries;

recommendations for improvements in the methods of handling and
shipping fish as an aid to increased consumption and better prices;

assistance to j)r<Klucers in securing and transporting materials, such

as salt and barrels, required for immediate use at a time when fish

were available; the practical application of methods developed in

fish-salting investigations; the dissemination of information on the

preservation of fish nets; the stimulation of the saving and use of
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by-products of the fisheries, including th(^ niamifacture of fish meal,

leather, and pearl essence: the initiation of n series of surveys of

certain primary inland markets; and studies of the methods of con-

ducting!: certain fisheries and their effects on the supply.

The statistical inventories completed durinu: the year inchided the

vessels fisheries centerin<r at Boston and (Gloucester. Mass.: Portland.
Me.: and Seattle. Wash.: the shad fishei-y of th** Hudson Kiver and
the shad and alcAvife fisheries of the Potomac River: the sardine
industry of Maine: and the fisheries of the New Enpfland States.

There has been an increased demand for and use of the .leneral statis-

tical information gathered and published by the Bureau, and there
is evidence of f^rowiuf^ appreciation of the need of support for worthy
conservation measures, the necessity for which is disclosed by the

statistical data. A full account of (he activities of this branch of the
service, with detailed tables and discussions of the results of various
canvasses, is embodied in a report of the division of fishery indus-
tries for 1920 (issued as Document No. 908).

FISHERY INTELLIGENCE SERVICE.

The daily patrols by seaplanes of the Naval Aviation Service of
the menhaden fishing areas in Chesapeake Bay and along the coast

between Assateague and Bodie Island Lights begun in June, 1920,
were continued until October, when the Navy Department abandoned
them on the ground that the experiment had fully demonstrated the
commercial value of planes in this fishery- This service was very
beneficial to the menhaden industry and was the first thorough test

of the value of seaplanes in spotting schools of fish- Under the
present unsettled conditions in the fish oil and fertilizer industries it

is not to be expected that a service of this kind will be established by
the fishery interests-

The Bureau has obtained the cooperation of the Director of Naval
Communications and the Commissioner of Lighthouses whereby re-

ports of the presence of schooling fish are transmitted daily by radio
by the keepers of certain New England lightships to shore stations
from which they are forwarded to the Bureau's local agent in Boston.
This service was begun about November 1, 1920. Reports of school-
ing fish are forwarded to the Bureau's local agents in Gloucester,
Mass., and Portland, Me., by the Boston agent. Lightkeepers have
reported the presence of such fish as mackerel, menhaden, and pollock.
The subject has not received a sufficient trial to determine its prac-
tical value to the industry or the desirability of extending it to in-

clude a number of advantageously located lighthouses.

STUDIES OF FISHERY METHODS.

Descriptions and diagrams of little-known fishing gear, such as
paranzella and lampara nets used in the fisheries of California, have
been published for the information of the trade. The paranzella net
has been used in the Mediterranean for a long period and was intro-
duced into California in 1876. It is a heavy, strongly constructed
net, intended for dragging the bottom chiefly in deep' water. It is

operated with steam and power boats in a manner similar to the otter

7«4M—21 4
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trawl, except that two vessels are required. The nets vary in length
from 25 to 35 fathoms, and the catch of food fish consists principally

of flounders. The lampara net, used chiefly in the capture of sardines,

anchovies, and other small surface fish, was introduced from the
Mediterranean' about 1900. It is fished at or near the surface, usually

on dark nights, as these fish can more easily see the net in daylight or
moonlight and avoid it, and may be operated by one or two boats, the

jiet being laid around the school of fish after the manner of the
purse seine. Studies of the methods of conducting the fisheries and
of the effects of various methods of fishing on the supply are in

progress.

IMPROVEMENT IN HANDLING FRESH FISH.

Fresh fish being a highly perishable commodity, whose delicate

flavor and attractive qualities may be quickly impaired by improper
handling, the first requisite to an increased appreciation of the value
of such fish for food and to increased consumption is to improve the

quality of the product offered to the consumer by the adoption of
improvements in handling and distribution. The more important
of these recommended by the Bureau are : The elimination of the pew
or fork, and where its use is unavoidable or can not be immediately
suppressed the employment of only a one-tined fork to be inserted
into the head or tail but not in the body of the fish ; the avoidance of
needless bruising and rough handling; the prompt removal of the
body heat by precooling, either on the vessel or at the landing wharf;
the use of shallow^ boxes rather than barrels for shipping purposes, as
fish in such receptacles keep longer and have better appearance ; the
use of an abundance of crushed ice to properly preserve the fish with-
out unnecessary bruising; the observance of every precaution which
will tend to retard deterioration ; and to offer for sale only sound fish

displayed in an attractive manner amid sanitary surroundings. The
fish trade should exercise as much care in handling fresh fish as is

now used in the handling of choice fruits.

FISH-MARKETING SURMET.

Appreciating the lack of detailed information on marketing condi-
tions existing in the larger inland distributing and consuming cen-
ters, and believing that a survey of certain of these markets may
yield information of intrinsic value to the fresh and frozen fish trade
and aid in increasing the consumption of fish, the Bureau initiated

such a survey in June, 1921, beginning with Louisville, Ky., a city of
nearljr 235,000 inhabitants.
Among the items concerning which it is planned to secure informa-

tion are the following : Lists of wholesale and retail dealers, indicat-

ing the kinds of fish each handles; geographical sources of supply;
available transportation facilities and rates; character of containers

in which fish are received and reshipped
;
population and preference

by nationalities for particular classes of fish; months of abundance
of the leading species; opinions of the trade regarding trade pros-

pects, etc.

In the Louisville market less than 40 species of fresh and frozen
fish and other aquatic forms are marketed. There are but 2 whole-
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sale lirms who also retail and 12 firms cng:aged solely in the retail

business, half of whom are located on the same street. The disad-

vantao:es of this centralization are counterbalanced in part by the fact

that a lar^e number of fjrocers and butchers handle fish on Fridays.

This market has a decided preference for fresh-water species and a

prejudice against salt-water forms, wdiich must be overcome by educa-

tional means if the demand for salt-water forms is to be larj^ely in-

creased. The estimated consumption of fish is about pounds per

annum per person.

INCREASING THE CONSUMPl'ION OF FISH.

Owing to the lack of funds for continuing tlie demonstrations in

fish cookery and in popularizing the less-used fishes, the operations in

this field have been largely limited to the issuance of i)rinted matter

and its judicious distribution. Economic circulars and placards em-
phasizing the food values, good qualities, and low prices of haddock
and of pink and chum salmons were prepared for the use of the trade,

as were also a poster and a leaflet recommending frozen fish.

With the introduction of steam trawlers there has been a heavy in-

crease in the production of haddock, the vessel landings at Boston and
Gloucester in the 11)1S-1920 period being about double the landings

for 1908-1910. The haddock catch in New England in 1919 amounted
to 89,405,600 pounds, and the average price received for the fish was
2.84 cents per pound. The haddock is taken in quantity throughout

the year, can be distributed well if properly handled, and is an excel-

lent white-meated fish similar to the cod. The demand for this fish in

some of the inland markets is increasing, but the prejudice against

marine fishes is a retarding factor. The economic circular contains

31 recipes for cooking this fish.

The consuming public has been educated to the high quality of red-

jneated salmon, but does not appreciate the excellence of pale-fleshed

fish. AVliile pink and chum salmons usually have less fat than the

more highly colored forms, they contain as much tissue-building mate-

rial. I^lore than 3,250,000 cases of these fish were packed in 1920, and
at recent prices they represent one of the lowest priced protein foods

on the market. The Bureau has lent its assistance in educating the

public to an appreciation of these fishes, which may be kept indefi-

nitely when canned, are ready for immediate use, and may be pre-

pared in many ways.
The Bureau has encouraged the wider use of frozen fish, as freez-

ing conserves fish in times of abundance and cheapness for use in

times of scarcity, and as a rule fish are now frozen under excellent

conditions. The printed matter distributed through the trade

stresses the importance of keeping frozen fish at a low temperature,

of never thawing and refreezing. of avoiding bruises and rises in

temperature, and of buying the fish while frozen and placing them in

an ice box or cool place for thawing before cooking.

TECHNOIX)GTCAL INVESTIGATION.

Owing to lack of funds for operation, the fishery products labora-

tory in Washington City was practically idle during the year, and
the temporary laboratory at San Pedro, Calif., was loaned to the

California State Fish and Game Commission.
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The practical application of methods evolved in the investio;ation

of the principles of preserving fish with salt has been embodied in a
report entitled " Improvements in Process of Salting River Herrings
Especially Adapted to Warm Climates" (issued as Document No.
903). The report is based on the results of actual field tests in

Florida designed to overcome the failures heretofore experienced by
fishermen, and the fundamentals of the method, which should be fol-

lowed wherever fish are to be preserved by salting in a warm tem-
perature, are: Careful handling of the fish before salting, thorough
cleaning and removal of all blood, use of salt of a high degree of
purity, and application of the salt in a dry state.

A report on the preservtion of fish nets has been prepared and
published (as Document No. 898). This important means of econo-
mizing in the expense of nets has been largely neglected in this

countrj^ In view of the fact that our fishermen employ gear to a

value exceeding $15,000,000, a large part of which is in twine, and in

view of the increasing cost of such netting such information is

greatly needed and has been appreciated. The document sets forth
the fundamental principles governing net preservation and gives for
use those recipes which seem best calculated to serve the purpose of
the fishermen. The Bureau has initiated some additional studies in

net preservation which it plans to continue as opportunity affords in

order that the industry may benefit to the fullest possible extent
through the application of desirable methods.
For investigations in the refrigeration of fish the Bureau has a

modern air-freezing plant with a sharp freezer capable of produc-
ing a temperature of —40° and automatic carbon-dioxide compressor
and controls ; a plant for freezing fish in brine ; a precision tempera-
ture-measuring apparatus consisting of precision thermometer,.
Wheatstone's bridge, precision double potentiometer, conductivity

I apparatus, etc. ; and a commercial apparatus for the experimental
utilization of frozen fish. This equipment has been assembled and
prepared for use in the conduct of investigations for which the trade
lacks information as well as facilities. In view of the widespread
interest in the industry in the freezing of fish in brine, this subject
is to be investigated in detail, and considerable preliminary work
has been completed.

INCREASING THE USE OF BT-1'RODUCTS OF THE FISHERIES.

The Bureau has continued to aid in increasing the saving and use
of the by-products of the fisheries with most gratifying results. It

is inevitable that the year 1921 will show a heavy curtailment in

production owing to unsettled market conditions. Fish oils now
command about a fourth and fish scrap less than half war-time
prices, while costs of operation and transportation have declined
but little.

It is estimated that in 1920 the production of scrap and meal from
all fishery products in the United States including Alaska was in

excess of 125,000 tons. Of this amount the Pacific coast is to be
credited with nearly 17,000 tons. As a result of the Bureau's work
on the Atlantic seaboard there was a large increase in the produc-
tion of fish meal for stock-feeding purposes, and menhaden and



RKPORT OF TlfE COMMISSIONER OF FISHERIES. 29

other intoiH'sts aio Avell pleascMl wi'li tho advantiifros arcniiiiir from
the development of an additional outlet. The trade is energetically

buildin": up markets to care for the increased production. The
Bureau of Animal Industry has continued its cooperation in the

conduct of feediufr tests and in educatinf; farmers to the value of
this commodit}' and is issuinj; a publication frivino; the results of the

feedinof tests. There are numerous problems that have arisen in

connection with the utilization of Avaste fish Avhich should receive

attention from the Bureau of Fisheries, and it is hoped that means
for studyino; these may soon be provided.
On the basis of reports published by the Bureau of the Census the

production of fish and marine mammal oils in ir>20 amounted to

8,803,574 nrallons. distributed as follows: Menhaden oil, 3,076,453

ojallons; whale oil, 3,073.574 jjallons; sperm oil. 416,737 nrallons;

lierrin<r oil. 380,370 gallons: cod and cod-liver oil, 100,108 <»-allons;

and all other, 1.000.322 <rallons.

The fishery for shaiks is clevelopin<^ satisfactorily despite un-
settled conditions in the fishery industry, and the ninnber of persons
and companies attemptino; to place the fishery on a permanent basis

is increasinp;. Shark hides are bein^ tanned into Jeathers which are
excellent for shoes, baos. brief cases, collar l)Oxes, bill folds, and
similar articles. Wearing tests of shoes with uppers of shark
leather indicate that such leather is fully comparable to the best

grades of calfskin, and shark leather has been produced who^^e ten-

sile st]-en<rth exceeded 0.500 ])ounds per square in( h.

As the Bureau's small si:)ecial appropriation for work in this field

has lapsed, the future aid that can be p:iven this industry will of
necessity be limited. With the establishment of the facts that high-
grade leathers can be made from the hides and that the remainder
of the fish can be converted into marketable commodities, the chief
purposes of the Bureau's assistance have been served. There is still

need for information relative to the possible extent of the fisheries

and areas and seasons of greatest abundance of sharks, but with a
certainty of markets for the products it is believed that private
enterprise Avill be able to cope with the situation.

It is worthy of report that a number of American manufacturers
are now engaged in the manufacture of "pearl essence" or "fish-

scale essence " from the scales of native fishes, such as the river
herring, sea herring, and shad, and that considerable quantities of
the scales are now being utilized for the purpose. Tn 1010, 5.2 tons
of alewife or river herrino; scales, valued at $5,200. or 50 cents per
pound, were so used in Massachusetts, and at present silvei-y scales

are being saved by the fishermen of Maine, Massachusetts, and Vir-
ginia.

FISHERY CONFERENCES.

The Secretary of Commerce has ado]:)ted the practice of calling
from time to time conferences of men interested in the upbuilding
of the fishing industry. These conferences have been well attended
and promise to mark an epoch in the history of the industry by es-

tablishing closer relations between the industry and the Federal
agencies concerned and by affording a better understanding of the
problems which the industry is attempting to meet, of the means
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whereby Federal agencies can cooperate, and of the limitations be-

yond which these agencies can not go.

The first of these conferences, attended by about 30 men promi-

nently identified with the inchistry from the Atlantic and Gulf
coasts, the Great Lakes, and the Mississippi Valley, representing

the fresh, frozen, salt, and canned fish trades, and the oyster, crab,

shrimp, and menhaden industries, was held at the Department of

Commerce on May 9 and 10, 1921. The conference in a formal

expression of views emphasized the seriousness of polluted coastal

waters as affecting the fisheries and the need for remedial legisla-

tion; the effects of high transportation rates on the marketing of

fish, especially of the lower-priced grades ; the desirability of educa-

tional work among all classes to improve the quality of fish marketed
and increase the consumption of fish; and the need of closer coopera-

tion for the protection of important migratory fish.

The second conference, held on June 16, 1921, was called to con-

sider measures for the prevention and control of water pollution

and the protection of anadromous and shore fishes and other aquatic

forms. It Avas atterided by about TO conferees, State fish commis-
sioners, fish producei'S. and anglers from the Atlantic and Gulf
coasts, as Avell as 'by Members of Congress and interested Federal

departmental officials. The conference revealed a very oreat in-

crease in the quantity of undesirable material dumped into our

coastal waters in recent years, with impairment of their use for

bathing and other recreation purposes and resultant damage to

aquatic life, to which may be added the menace to our cities from
fire due to oil on the water. There was indicated a general failure

or inability of the States to cope with the many important and com-
plex problems involved, and the demand for assistance from the

Federal Government was practicall}' unanimous.
On the question of the control of migratory fishes there was a

greater diversity of opinion, but it was the sentiment of the meeting
that our anadromous fishes and certain shore forms require greater

protection that may be attained through uniform State action, the

Department of Commerce to use its best offices to the accomplish-

ment of this end in an advisory capacity. '

NEW KNOLANl) VESSEL FISHEKIES.

The Bureau, through its local agents, has collected detailed sta-

tistics of the extensive vessel fisheries centering at Boston, Glou-

cester, and Portland, which have Ijeen published in monthly and an-

nual bulletins. Two annual bulletins have been issued, one showing
the catch by months, the other by fishing grounds. The number of

trips and the catch at these ports were not so large as in the previous

year, but there was a considerable increase in the total value of the

products. There was a large increase in the fishery products landed

at Boston during the 3'ear, but a decrease in the receipts at Gloucester

and Portland.
The fisliing fleet at these ports during the calendar year 1920 num-

bered 471 sail, steam, and gasoline-screw vessels, including 41 Ameri-

can and 3 Canadian steam trawlers. These vessels landed at Boston

3,342 trips, aggregating 118,5.58,902 pounds of fish, valued at $0,136.-

569; at Gloucester 2.381 trips, aggregating 46,740.296 ])ounds, valued
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at $1,4()0;3;5(); and at I'orlhuul l,S.S;i trips, ajr^nvpitinfr 12,981,503

pounds, valiUMl at $(');5().l().s. TIk' totals for tlic tluvc jjoits were
7,G(K') tri})s aiul iTs.iiSO.TOl pounds of fresh and salted Hsli, liavini; a

valui' to till' Hslieiiucn of ^S.'J2T,()1'5.

The fore<join<r totals include o4: trips

—

V-) at Jioslon. 1 at (ilouccstcr,

and 10 at Portland—landed hy 18 Canadian fishing vessels, amount-
ing to 2.r)8S,-218 pounds of fish, valued at $119,028. Of this quan-

tit3% 1,308.77-1: pounds, valued at $02,147. were landed at Pxjston;

271,580 pounds, valued at $13.(500, at (lloucester; and 1,007,80-4

pounds, valued at $48,275, at Portland. As compared with the pre-

vious year, there was an increase of 9 vessels and 15 trips but a

decrease of 707.929 pounds, with an increase of $12,707. These fish

were brouiilit into American ports in accordance with an arran«ie-

ment with the Canadian (Government as an emeroency war measure
that trranted reciprocal privileges to fishing vessels, by which Cana-
dian fishing vessels were permitted to land their fares at American
ports direct from the fishing grounds. Canadian vessels began to

utilize this ])rivilege in April, 1918. The arrangement was termi-

nated by departmental order effective July 15, 1921.

(\impared with the i)revious year, there was a decrease of 0()3 trips,

or 8.01 per cent, in the total number hsnded at Boston, (lloucester, and
Portland, antl of 18,200,5()9 i)ounds, or 9.20 i^er cent, in the quantity,

with an increase of $078,030. or 8.99 per cent, in the value of the

products landed. The only important species showing an increase

in both quantity and value were halibut, mackerel, and swordfish.

The catch of halibut increased 1,074,609 ]K)unds, or 79.19 per cent,

and $354,030, or 91.59 i)er cent ; the mackerel catch increased 1.580,525

pounds, or 27.00 per cent, and $215,852, or 39.44 per cen.t ; and the

catch of swordfish increased 1,048,942 pounds, or 180.80 per cent, and
$281,834, or 132.71 per cent. The yield of cotl decreased 3.108,838

pounds, or 4.75 per cent, but increased in value $54,450, or 2.10 per

cent; haddock decreased 7,430,708 pounds, or 8.99 per cent, and
$53,886, or 1.92 per cent; pollock decreased 10,191,066 pounds, or

54.34 per cent, and $118,387, or 31.11 per cent; cusk decreased 208,459

pounds, or 10.10 i)er cent, and $14,099, or 22.67 per cent; and herring

decreased 3,361,901 pounds, or 32.45 per cent, and $73,487, or 30.64

per cent. The output of hake increased 381.880 pounds, or 8.80 per

cent, but decreased in value $27,177, or 15.01 per cent. The New-
foundland herring fishery had a decline of 404,753 pounds, or 11.55

per cent, and $79.()2G, or 41.95 per cent. There were no tilefish

landed at Boston during the yeai'. In the various other species com-
bined there was an increase of 853,897 pounds, or 20.66 per cent, and
of $60,368. or 37.85 per cent.

The fishery products landed at Boston, Gloucester, and Portland

by fishing vesvSels each year are taken principally from fishing

grounds lying off the coast of the T'nitetl States. In the calendar

year 1920, 78.88 ])er cent of the c[uantity and 79 |)er cent of the value

of the catch landed by American and Canadian fishing vessels were
taken from these grounds; 3.35 per cent of the quantity and 4.63 per

cent of the value, consisting largely of herring, from off the coast of

Newfoundland; and 17.75 per cent of the quantity and 16.36 per cent

of the value from fishing grounds off" the Canadian Provinces. New-
foundland herring constituted 1.73 per cent of the quantity and 1.33
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per cent of the value of the fishery products hmded during the year.
The herring were taken from the treaty coasts of Newfoundland and
the cod, haddock, hake, halibut, and other species from that region
were obtained from fishing banks on the high seas. All fish caught
by American fishing vessels off the coast of the Canadian Provinces
were from offshore fishing grounds.
Haddock ranked first in the New England vessel fisheries in 1920,

with a catch of 75,279,477 pounds, valued at $2,740,052. The yield
of cod was 62,265,582 pounds, valued at $2,637,637. There was un-
usual activity in the halibut fishery during the year. The catch of
3,789,330 pounds, valued at $741,821, was the largest in five years.
There was a large increase in the receipts of halibut at Portland,
the catch in 1920 amounting to 1,159,973 pounds, the next largest in
the past five years being 535,314 pounds in 1916. There has also been
a noteworthy increase in the receipts of halibut at Boston in recent
years but a decrease at Gloucester. The output of pollock was the
smallest in many years, amounting to onlv 8,560,901 pounds, valued
at $262,128, as compared with 18,751,967 pounds, valued at $380,515,
in 1919, and 26,560,620 pounds, valued at $962,085, in 1918. The
hake product amounted to 4,721,356 pounds, valued at $153,876, an
increase of 381,880 pounds but a decrease of $27,177, as compared
with the previous year. The yield of this species has been compara-
tively small in recent years. The catch of other fish was as follows

:

Cusk, 1,854,739 pounds, valued at $48,070; swordfish, 2,531,669
pounds, valued at $494,202; flounders, 3,637,774 pounds, valued at

$166,895; and herring, 6,997,984 pounds, valued at $166,301. The
herring output included 3,900,960 pounds, valued at $56,144, taken
off the coast of the United States and landed fresh, and 3,097,024
pounds of salted Newfoundland herring, valued at $110,157.
The mackerel fishery in 1920 yielded 79,799 barrels of fresh fish,

compared Avith 53,992 barrels in 1919, and 4,897 barrels of salt fish,

compared with 7,007 barrels in 1919. The value of the catch was
$671,310 for the fresh fish and $91,784 for the salt fish, an increase

of $215,852 over the previous year. In 1921 the total yield of mack-
erel up to July 1 was 33,632 barrels fresh and 3.143 barrels salted,

compared with 60,842 barrels of fresh and 3,357 barrels salted for

the same period in 1920. In the southern mackerel fishery the purse-
seine vessels had a poor season and the gill -net vessels had only fair

success. The weather most of the time was unfavorable for fishing.

The seiners reported seeing more fish in the South than for many
years. The weather was good on the Cape Shore, and this fishery was
comparatively successful, three vessels making second trips. The
fish were caught mostly at night and in small schools. The fish

averaged large, and the fresh sold from 6.60 to 16 cents per pound
and the salted from $12 to $13.50 per barrel.

VESSEL FISHERIES AT SEATTLE, WASH.

The fishing fleet at Seattle, Wash., during the year 1920 brought
in 822 fares, consisting of 14,355.450 pounds of fish, having a value
to the fishermen of $1,992,759, from the fishing grounds along the

coast from Oregon to Alaska. The largest quantities were taken
from Flattery Banks, off the west coast of Vancouver Island, and in
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Hecate Strait. The products included 12,683,450 pounds of lialibut,

valued at $1,913,849; 9r)(),2()() pounds of sablelish. valued at $49,9G3

;

613,035 pounds of "iin^cod," valued at $21,153; and 2()8,TG5 pounds
of rockhshes, valued at $7,794. Compared with the previous year,
there was an increiise of 152 trips landed and an increase of 704,430
pounds, or 5.16 per cent, in the quantity, and of $402,475, or 30.22
per cent, in the value of the ])roducts. The yield of halibut increased
1,572,730 pounds, or 14.15 per cent, and $491,330, or 34.53 per cent,

but tliere was a decrease in tlie catch of othci* species. Sal)lefish, for
which there w^as an aupnented demand durin<r tlie war ])eriod, de-
creased 603,400 pounds, or 38.83 per cent, and $24,327, or 32.74 per
cent; "linccod" decreased 209,965 pounds, or 29.04 per cent, and
$3,280, or 13.42 per cent; and rockfishes decreased 54,935 pounds,
or 20.83 per cent, and $1,248, or 13.80 per cent.

The fishery products taken in Pu^et Sound and landed at Seattle

by collectiujo: vessels during; the year a^rirregated 9,813,966 pounds,
valued at $881,066. This quantity included 7.911,820 pounds of
salmon, valued at $765,145, and the remainder consisted of herring,
steelhead trout, smelt, rockfishes, flounders, crabs, and other species.

Compared with the previous year, there was a net decrease in the
products landed by collecting vessels of 1,995,484 pounds, or 16.89
per cent, and $102,753, or 10.44 per cent, which decline was due to

a large falling off in the catch of salmon. The decrease in salmon
was, however, offset to some extent by a considerable increase in

various less important species.

SHAD FISHERY OF THE HUDSON RIVER.

Figures gathered in a special canvass of the shad fishery of the
Hudson River for 1920 indicated a reduction in the number of shad
taken amounting to 40.986, or 45.38 per cent, and a diminished reve-
nue to the fishermen amounting to $27,415, or 32.74 per cent, com-
pared with the season of 1919. The persons engaged in this fishery
numbered 368, an increase of 69 over the previous year. The equip-
ment included 185 rowboats. valued at $10,011; 10 gasoline boats,

valued at $2,050; 200 gill nets, valued at $23,710: 10 seines, valued
at $1,655; and shore and accessor}' property valued at $2,925, the
total investment being $40,351.

The catch comprised 49,315 fish, or 199,844 pounds, valued at

$56,309, of which 39,692 fish, or 157,715 pounds, valued at $43,882,
were taken on the Xcav York side of the river, and 9,623 shad, or
42,129 pounds, valued at $12,427, were taken on the New Jersey side.

The possibility of reestablishing a run of shad on a considerable
scale in this river is still a matter of conjecture.

SHAD AND ALEAVIFE FISHERIES OF THE POTOMAC RI\-ER.

The shad fishery of the Potomac River is of special interest to the

Bureau owing to the long continuance of shad hatching operations
thereon and the very acti^-e fishing that has been conducted in Chesa-
peake Bay. Statistics for the season of 1920 showed a catch of
529,358 shad, weighing 1,979,780 pounds, valued at $334,464. The
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number of tish taken was 15,111 less than in the previous year. Mary-
land fishermen are credited with only 80,94:4 shad, weighing 302,287

j)ounds antl selling for $55,9()3, as against 448,414 fish, weighing
1,677,543 pounds and valued at $278,501, taken by Virginia fish-

ermen.
The production of alewives or river herrings was 8,759,330 fish, or

4,352,608 pounds, valued at $55,137, of which 7,681,561 fish, Aveigh-

ing 3,813,780 pounds and having a value of $41,197, were taken by
Virginia fishermen.

The combined fisheries for shad and alcAvives gave employment to

753 persons, who used 451 boats, valued at $83.889 ; 271 pound nets,

valued at $126,455 ; 211 gill nets and one haul seine, valued at $39,620;
and shore and accessor}' property worth $1,375.

THE FROZEN-FISH TRADE.

From compilations made from the monthly memoranda issued by
the Bureau of Markets it appears that fish frozen between January
15, 1920, and January 15, 1921, aggregated 85,324,366 pounds. The
quantity of halibut frozen was 10,625,02© pounds ; herring, 10,356,305

pounds; whiting, 10.208,755 pounds; salmon, 7,836,620 pounds; cis-

coes, 6,968,750 pounds; mackerel, 4.835,173 pounds; cod. haddock,
hake, and pollock, 3,940,163 pounds; and squid, 3,252,720 pounds,
with smaller amounts of other species. The maximum quantity in

storage at one time during the year, amounting to 67,827,934 pounds,
v.as reported on November 15, and the minimum, amounting to

20,284,470 pounds, on May 15, 1920. A study of the data over a

period of several years indicates that the storage peak is reached
about November 15 and the low point between April 15 and May 15

of each year.

FISHERIES OF THE SOUTH ATLANTIC STATES.

Tabulated returns of the statistical canvass of the fisheries of the

South Atlantic States concluded by the Bureau in 1920 indicate that

in 1918 the industry gave employment to 15,046 persons, of whom
8.036 were credited ito North Carolina. 2,000 to South Carolina, 1,680

to Georgia, and 3,330 to eastern Florida. Compared with the returns

for 1902, there was a decrease of 8,406, or 35.84 per cent. The capital

invested was $7,423,971, distributed as follows: North Carolina,

$4,222,043; South Carolina, $221,251; Georgia, $769,998; and eastern

Florida, $2,210,679. Compared with 1902, there was increase of

$4,432,822, or 148.19 per cent. The principal forms of apparatus
employed in the fisheries were pound nets, gill nets, purse seines,

haul seines, and otter trawls, the last-named device having been in-

troduced in the shrimp fisheries about 1915.

The products of the fisheries aggregated 332,614,123 pounds, w'th

a value to the fishermen of $5,348,616, distributed among the several

States as follows: North Carolina, 210,501,750 pounds, $2,978,708;

South Carolina, 3,746,932 pounds, $207,690; Georgia, 37,153,953

pounds, $416.043 ; and eastern Florida, 81,211,488 pounds, $1,746,175.

Some of the more abundant species arranged in order of size of

catch were: Menhaden, 257,75 i,799 pounds, valued at $1,605,117;

shrimp, 15,656,903 pounds, valued at $470,346; alewives, fresh and
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suited, taken mostly in North Carolina, ir),lSr),r)8r) [)oun<l.s, valued at

$41t2,(){')7; mullet, fresh and salted, 11.757,818 pounds, valued at

$508,044; oysters. 5,871,37() pounds, oi- 8^8.708 bushels, valued at

$2()0.808,- squeteafjues or sea trouts, 5.105.249 jxiunds, valued at
$i'5()0.527; S])anish mackei-el, taken mostly in Florida, ;5."21 1.405

pounds, valued at >^2;i2,H55: cero and kinirlish, credited mostly to

Florida, 2.48;5.(')47 j^ounds, valued at $!(')!. 5(')-i. and spot. l.(')J)2,775

pounds, valued at ^72.71)5. As compared with the 15ui"eau's returns
for in02, thei'e was increase in the catch a<2:<rre<^atinp; 22().1()8,051

pounds, valued at $2,508,988. The lai\ire advance over previous
years was mostly due to the n:reatly increased output of menhaden,
the. 1902 catch amonntinir to only 18,8t)2,000 ))ounds, as aj^ainst

257,757.799 pounds in 1918. The yield of all other species in 1902
was 87,584.072 j)our.ds and in 1918, 74,85(),824 pounds. Other prod-
ucts which have shown a noteworthy increase are cero and kin<j;fish,

(hums, Spanish mackerel, and shi-imp.

FISIIERIKS or TlIK XEW KX(iI.AND STATES.

A canvass of the fisheries of the New E]ijrlrtnd States for the cal-

endar 3'ear 1919 Avas completed early in 1921. The immber of per-
sons ascertained to be enpi^ed in the fisheries w-as 30,707, credited to

the difi'erent States as follows: Maine, 14,886; jMassachiisetts, 12,846;
Connecticut, 2.289; Ehode Island, 1,646; and New Hampshire, 100.

Compared with tlie returns for 1905, there has been a decrease in the
number of persons em])Ioved of 6,572, or 17.60 per cent. The invest-
ment in the fisheries of the different States arran<2;ed in the order of
importance was as follows: Massachusetts $19,111,269; Maine, $17,-

544,909 ; Ehode Island, $2.249,586 ; Connecticut, $1,645,798 ; New
Hampshire, $45,580; total, $40,597,097. This represents an increase
of $18,066,877. or 80.18 per cent, as compared with 1905.

The yield for the refjion amounted to 46-7,889.870 pounds. Aaliied at

$19,888,657, distributed as follows: Massachusetts, 246.951,241
pounds, valued at $10,859,746; Maine, 147,950.869 pounds, valued at

$3,889,085; Rhode Island, 48.250,888 pounds, valued at $8,296,578;
Connecticut, 28,652,647 pounds, valued at $1,700,688 ; and New
Ilamjishire, 528,730 pounds, valued at $92,660. The most imi)ortant
products were: Cod, 84.917,585 pounds, valued at $8,597,891; oysters,
19,837,874 pounds, or 2.762,482 bushels, valued at $2,617,020; lobsters,

10,666,706 pounds, valued at $2,550,980; haddock, 89.405,609 ]wunds,
valued at $2,544,617; and mackerel, 15,785,012 })ounds, valued at
$1,562,088. Compared with 1905, there was a net decrease amounting
to 12,948,784 pounds, but a net increase of $5,654,452 in the first value
of the products,

SAKDIXE IXDUSTRT OF MAINE.

A complete enumeration of the sardine industry of the State of
Maine was made by the Bureau for the calendar years 1919 and 1920.
In 1919 the plants enoanred in canning; sardines numbered 53. The
herrin<y utilized amounted to 125,309,415 pounds, valued at $852,450,
and the pack of canned fish was 2,450,268 cases, valued at $11,983^986,
of which 1,902.430 cases, valued at $9,327,665, were quarter oils. In
1920 the plants numbered 50 and the herring consumed aggregated
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104,700,010 pounds, valued at $767,141. The total pack was 1,877,757

cases, valued at $7,435,056, of which 1,458,670 cases, valued at $5,-

669,352, were quarter oils.

FLORIDA SPONGE FISHERY.

The sponge-inspection service, to make effective the law regulating

the size of commercial sponges taken from waters off the Florida

coast and landed at American ports, has been kept up throughout

the year. The Florida sponge fishery appears to be maintaining a

satisfactory equilibrium between the natural supply and the catch.

It is regrettable that large quantities of small sponges barely meeting
legal requirements continue to be taken. In the previous report at-

tention was called to the large profit to be obtained if the small

sponges were permitted an additional year's growth. This seems to

have been demonstrated during the year by the quantity of large

sponges taken on certain bars that had not been fished for several

years. The continued demand for the larger sizes has somewhat en-

couraged the spongers to work in deeper water, say, from 9 to 12

fathoms. If a period of rest and recuperation for the shallower bars

can be secured for a reasonable period, the sponge fishery as a whole
will be greatly benefited.

The fishery has not escaped the fluctuations in value and general

depression felt in other industries. The radical changes in price

throughout the 3'ear, with considerable quantities of sponges re-

maining unsold from time to time, have not tended to simplify the

financing of operations, but with a gradually improving market and
the high quality maintained in the sponges taken the future may be
viewed without concern.

INCREASED USEFULNESS TO THE FISHERIES.

The Bureau has recently been extending to the fishing industry a

larger service than ever before, but it falls short of the opportunities

and has been unable to meet various obligations that naturally de-

volve on the sole Federal agency charged by law with the duty of

aiding the fisheries.

With due regard for the utmost economy in governmental expendi-

tures, and having in view the efforts which the industry should

undertake on its own behalf, there has existed and still exists a real

need for additional Federal aid to the fisheries such as the Bureau is

able to render but which it can not undertake with its present facili-

ties. In an industry yielding an annual harvest of 2,500,000,000

pounds of products it is highly important from the standpoint of

national welfare that the aquatic resources be utilized to the best

advantage, and the Government would be amply justified in greatly

increasing the appropriations that are available for such a purpose.

Some of the technological work that the Bureau felt should be
undertaken in behalf of the fisheries has been indicated in estimates

of appropriations that have been submitted to Congress in recent

years and in special bills on which the Department has made favor-

able reports. At the present time an appeal is being made for an
increase in the ceneral funds for maintaining the division charged
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by law with duty toward the fisheries, to the end that the iuii<iiie

fishery-products hiboratory in Wa8]iin<j:ton and the temporary lab-

oratory on the California coast be operated for the sohition of various

technolo<zical problems, that statistical canvasses showing the condi-

tion and trend of the fisheries may be prosecuted more frequently and
more promptly, and that numerous field inquiries and investigations

concerned with methods of taking, handling, preserving, and market-

ing fishery products may be carried on. A special approi)riation is

requested for the conduct of investigations in the development and
standardization of methods of preservation of Pacific coast fishes.

AVhen provision is made for enlarged investigations of wider

scope, there will be required also such a readjustment of salaries as

will enable the Bureau to secure and retain the services of persons

properly qualified in the various branches and for an increased per-

sonnel that will include an assistant in fishery trade practices, three

fisheiy technologists, a technical machinist capable of operating and
caring for the highly specialized equipment of tlie fisherj^-products

laboratory, and at least three additional statistical agents.

ALASKA FISHERIES SERVICE.

EXTENT OF THE ALASKA FISHERIES.

Tlie 1920 salmon season had as its outstanding features a dimin-

ished catch in southeast Alaska and an increased catch in central and
western Alaska as compared wdth 1919 ; an increase in the number of

canneries operated but an output of canned fish that was less than in

each of the five preceding years; a decline in the business in mild-

cured, pickled, and fresh salmon ; and a very dull market for canned
salmon, especially the cheaper grades, many lots of Avhich were sold

for less than the cost of production.

The salmon taken in the Alaska fisheries in 1920 numbered
65,080,539 fish, of which 32,112,611 were humpback or pink salmon,

20,187,925 red or sockeye salmon, 10,113,677 chum or dog salmon,

1,890,859 coho or silver' salmon, and 775,467 king or spring salmon.

Apportioned by geographical districts the catch in southeast Alaska
was 33,096,640 fish, central Alaska 19,574,332 fish, and western

Alaska, 12,409,567 fish. Comparing these figures with the returns for

1919, it appears that there was a net increase of about 12 per cent

;

coho, chum, and king salmon were taken in less numbers and hump-
back and red salmon in greater numbers.
The canneries, which consumed the principal part of the salmon

catch, numbered 146, an increase of 12 over 1919. The pack of canned

fish was 4,429,463 cases, with a market value of $35,602,800, a decrease

of 154,225 cases and $7,662,549 from the previous year. The pack

both of red and king salmon was larger and that of the other species

was smaller than in 1919.

Other salmon products were 1,857.800 pounds of mild-cured fish,

valued at $364,219 ; 964,400 pounds of pickled fish, valued at $104,873

;

1,916,595 pounds of frozen fish, valued at $161,143; 3,248,081 pounds

of fresh fish, valued at $263,264 ; 244,840 pounds of dry-salted, dried,

and smoked fish, valued at $40,785; 39,052 gallons of oil, valued at

$16,370 ; and 1,778,000 pounds of fertilizer, valued at $88,382
;
giving
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$36,641,836 as the total value of the products of the Alaska salmon
industry in 1920.

The halibut fishery ranks next to the sahnon fishery, and in 1920

yielded 7,506,763 pounds of fresh fish, valued at $1,034,380; 7,788,017

pounds of frozen fish, valued at $692,343 ; and 720 pounds of canned
fish, valued at $75.

Products of the herring fishery consisted of 8,223,490 pounds of

Scotch-cure fish, valued at $490,485 ; 344,619 pounds of Norwegian-
cure fish, valued at $22,199; 3,602 cases of 1-pound cans, valued at

$28,980; 681,067 gallons of oil, valued at $404,090; and miscellaneous

commodities, valued at $357,860.

The cod fishery yielded a catch valued at $1,117,464. The products

of the shore whale fishery had a value of $562,302. Minor items were

:

Clams, $46,812; crabs, $1,740; shrimps, $49,123 ; trout, $13,662; sable-

fish, $28,544; and miscellaneous fresh fish, $229.

The entire Alaska fishing industry, exclusive of fur sealing, gave
employment to 27,482 persons, represented an investment of $70,-

986,221, and yielded products valued at $41,492,124.

A detailed account of the extent and condition of the Alaska fish-

eries in 1920 and of the activities of the Bureau under the la\ys and
regulations for the protection of the fisheries is embodied in the

annual report of the Alaska service for that year.^

ENFORCEMENT OF FISHERY Lu^lW^S AND REGULATIONS.

During the fishing season of 1920 the Bureau had in service for

patrol purposes 13 vessels, and the same number was available in

1921. For the 1921 season the persons engaged in connection with

the enforcement of laws and regulations numbered 63, of whom 23

were regular and 40 were temporary employees.

A number of violations of the fishery laws were detected and suc-

cessful prosecutions were made in the local courts. The Bureau is

doing its utmost, however, to prevent violations by maintaining

watchmen or guards at the mouths of salmon streams throughout

the fishing season. In some instances the stream guards, being

equipped with small power boats, are able to look after two or three

streams so close together that their absence from any one stream

will not be so protracted as to permit illegal fishing within the

stream or inside the protected area at its mouth. It is the policy

to discourage and prevent violations, for thereby not only are

the expense and annoyance of prosecution avoided but, what is of

greater importance, the salmon which would have been killed through

such illegal fishing are permitted to proceed to the spawning grounds.

The extension of the stream-watchmen system will be made as fast

as funds are available and should soon embrace every important

salmon stream.
Attention has been devoted during the year to the erection of addi-

tional markers near the mouths of salmon streams to give fishermen

notice as to the limits of the areas in which salmon fishing is pro-

hibited. Suitably inscribed cloth notices have been posted con-

spicuously, and thus far upwards of 200 of the more important

salmon streams have been marked.

» Alaska Fisheries and Fur-Seal Industries in 1920, by Ward T. Bower, agent. Alaska

service (Bureau of Fisheries Doc. No. 909).
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The systematic stealing; of salmon from fish traps in southeastern
xVhiska was renewed durino- the 1920 fisliing season but was less ex-
tensive than in 1919. Some of the cannery owners augmented their
force of Avatchmen and detailed fast boats to the special duty of
protectin<5 their traps from these marauders. It would seem that
one of the most certain and effective methods of bringing this ne-
farious practice to an end would be for cannerymen or other pur-
chasers of salmon to establish definitely the source of fish offered for
sale by independent boats. The suppression of this practice does not
fall within the functions of the Bureau.

Detailed instructions issued to the Bureau's employees in Alaska
on jNlay 25. 1921, prescribed methods of observance of the close

season for fixed fishinix apparatus and the proper labeling of all

apparatus, also the procedure to be followed in inspecting such
apparatus and in reporting and prosecuting violations of the laws
ivnd regulations.

PRIVATE SALMON HATCHERIES.

Tiie private salmon ha*^cheries in Alaska have been inspected, as

required by law. In 1921 two such hatcheries were operated. One
of these, on Naha Stream, liberated 1T.P)T5.0()0 red salmon j'rv in

the fiscal year 1921, and the other, located on Hugh Smith Lake,
liberated 18.9i;^,0()() red salmon fry in the snme period. The totnl

rebate of taxes on canned salmon, at the rate of 40 cents a thousand
fry released by these hatcheries, amoimted to $14,515.20.

XEW vSALMON-FISIIERY KEOFLATIOXS.

In accordance with announcements duly issued, hearings were held
at Cordova on October 5 and at Seattle on Xovember IS, 28, and 30,
and December 3, 1920, for the consideration of necessary changes in
the regulations regarding salmon fishing in Alaska. The waters
affected are southeastern Alaska, the region between Cape Spencer
and Cape Newenham. ineluding Bering and Copper Rivers, and the
Kuskokwim and Yukon Eiveis. As a result of these hearings the
following order was issued on December 18, 1920

:

Hoarinsrs liavin.s: b(>en .siven, after due notire in accordance with law, for tlie

purpose of determining the advisability of limiting or prohibiting fishing in
certain waters in Alaska, and to amend or modify certain existing regu-
lations, and all persons having had full opportunity to be heard, it is

hereby ordered, by virtue of the authority vested in me by section 6 of
"An act for the protection and regulation of the fisheries of Alaska." ap-
proved .Tune 26, 1906. that until further notice all fishing for salmon, or other
fishing in the prosecution of which salmon are taken or injured, in all herein-
after-described waters of Alaska be, and is hereby, made subject to the following
limitations and prohibitions in addition to tlie general restrictions already appli-
cable by virtue of existing laws and regulations.

1. Waters east of the longitude of Cape Spencer:
(a) All fishing is prohibited in all salmon streams and their tributai'ies and

lakes.

(b) All fishing, except with purse seines and drift gill nets, is prohibited
within .500 yards of the mouths of all salmon streams.

(c) All fishing with purse seines and drift gill nets is prohiI)ited within 200
yards of the months of all salmon streams, and all fishing with purse seines
and drift gill nets, as well as with all other apparatus, is prohibited within 500
yards of the mouths of Cliilkat Ttiver, Chnkoot Kiver, Anan Creek. Hetta
Creek, Sockeye Creek, and Naha Stream.
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2. All fishing is prohibited in all salmon streams, their tributaries and lakes
and within 500 yards of the mouths of such streams flowing into the Pacific
Ocean or Bering Sea between Cape Spencer and Cape Newenham, except as
follows

:

(«) Fishing is permitted in Copper River and its tributaries in accordance
with the terms of the order promulgated December 20. 1918, which order is

continued in full force 'until September 1. 1921, upon which date said order of
December 20, 191S, becomes of no further force or effect, and on and after
September 1, 1921, and until further notice, all fishing for salmon, or other
fishing in the prosecution of which salmon are taken or injured, in the Copper
River, its tributaries and lakes, and within 500 yards of each mouth of the
Copper River is prohibited.

(b) Fishing is permitted at Karluk beyond the zone 100 yards outside the
mouth of Karluk River where it breaks through Karluk Spit into Shelikof
Strait.

(c) Fishing is permitted in Ugashik River below a line extending at right
angles across the Ugashik 500 yards below the mouth of King Salmon R ver.

3. On and after Septem.ber 1. 1921, all fishing is prohibited in the Kusknkwim
River, its tributaries and lakes, and within 500 yards of the mouth of the
Kuskokwim for other than local use in Alaska.

4. Fishing is permitted in the Yukon River and its tributaries in accordance
with the terms of the order promulgated December 14, 1918, which order is

continued in full force until September 1. 1921, on which date said order of
December 14, 1918, becomes of no further force or effect, and on and after
September 1, 1921, and until further notice, all fishing for salmon, or other
fishing in the prosecution of which salmon are taken or injured, in the Yukon
River, its tributaries and lakes, and with'n 500 yards of each mouth of the
Yukon is proliiliited for other than local use in Alaska.

5. The driving of salmon downstream and the causing of salmon to go out-

side the protected area at the mouth of any salmon stream are expressly
prohibited.

6. This order does not apply to persons taking salmon with i-od, hand line,

or spear for their personal or family use and not for sale or barter.

7. The waters of the Afognak Reservation are covered by presidential procla-

mation of December 24. 1892, and the regulations promulgated by authority
thereof are not modified or affected by this order, but remain in full force.

8. All previous orders of the Secretary of Commerce imposing Tmitations
or prohibitions upon fishing in the waters covered by this order, except as here-

inbefore indicated, are hereby superseded.
9. This order becomes effective January 1, 1921.

Announcement has been made of hearinofs to be held in the fall of

1921. as follows : Juneau, Alaska, October 19. and Seattle, November
15, to consider further restrictions on commercial fishinp; in waters

of southeastern Alaska, and at Seattle, November IT, in regard to

waters of western and northern Alaska.
In submitting to the Secretary of Commerce recommendations for

the protection and maintenance of the salmon resources of Alaska,

the Bureau is guided largely by the personal knowledge of conditions

possessed by its staff of assistants regularly employed in Alaska or

detailed thereto for special duty. The data that are considered cover

both the practical aspects of the fishery and the biological situatio i

as regards the salmon in given waters, and the established policy is to

impose no greater restrictions on the fishery than are believed to be

required for the perpetuation of the industry. In recent years very

important and far-reaching investigations of the habits, age, growth,
spawning grounds, etc., of the different species of salmon in different

streams have been in progress, and the Bureau has been fortunate

in retaining for this work the services of the leading authority on
the Pacific salmons.
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PROTECTION OF WALRUS AND SEA LION.

Pursuant to the provisions of the act of May 31, 1020, which trans-

ferred to the Department of Commerce the jurisdiction heretofore

exercised by the Department of Aj^riculture with respect to the

wah-us and'the sea lion in Alaska, the Secretary of Commerce ap-

pnn ed a new set of T-e<:;nlations ^overnin<j: the killing; of these animals

within the territorial limits of Alaska, and in a circular issued under
date of April 21. 1921, promul<rated the rejrulations and quoted from
the Alaska game law approved May 11, 1908, extracts in regard to the

walrus and the sea lion. The new regulations are as follows:

WALRUSES.

1. The killins of walnisc's for tbeir tusks or hides, or both, is prohibited as

beins wanton destruction within the meaning of the act of May 11, 1908.

2. The killing of walruses at their brec<Ung places in Alaska is prohibited at

all times.

3. The killing of walruses throughout the territorial limits of Alaska is pro-

hibited from May 1, 1921, to April 30, 1923, both dates included, except by

natives for food or clothing or by miners or explorers when in need of food.

SEA LIONS.

1. The killing of sea lions on their rookeries or hauling-out grounds is pro-

hibited at all times.

2. The killing of sea lions is prohibited from May 1, 1921, to April 30, 1923.

except by natives for food or clothing, or by miners or explorers when in need

of food, or by anyone in the necessary protection of property, or while such

animals are actually engaged in the devastation of runs of salmon. The killing

of sea lions under any other circumstances than the foregoing will be deemed
wanton destruction and punishable as a violation of this order.

NT.W LEGISLATION NEEDED.

The act of June 2G, 190G, which provides for the regulation and
protection of the fisheries of Alaska, is obsolete in some of its fea-

tures and in general is quite inadequate to meet the conditions that

have existed for a number of years. The law is practically re-

stricted to the salmon fishery, whicli. under its operation, has become
so extensive that the salmon supply in certain waters has been seri-

ously depleted and the future welfare of the industry and of the

Territory is jeopardized. The law imposes no limit on the number
of canneries and salteries that may be established and operated, the

number of fixed and floating traps that may be constructed, the

number of purse seines, haul seines, set and drift nets that may be

used, the number of trolling boats and trolling lines that may be

employed, the number and age of salmon that may be caught. Vari-

ous restrictive features of the hnv have long since proved ineffective

to prevent the capture of an undue proportion of the run of salmon
in certain waters, and fishing operations in full compliance Avith

law maj' be entirely incompatible with the welfare of the fishery.

One of the most serious defects of the law is its failure to give

sufficient protection to salmon oft' the mouths of spawning streams.

The maximum distance from the mouth of a stream to which the

jurisdiction of the Department extends is 500 yards. It is entirely
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feasible to conduct fishing operations with various kinds of gear so

actively beyond the restricted zone as to offset the effects of the

protection afforded the salmon in streams and immecliately off their

mouth, and this, in fact, is occurring in various localities. A measure

designed to meet this situation and furnish this limited relief pending

the enactment of a new general fish law for Alaska is the bill (H. R.

2394) which confers on the Secretary of Commerce jurisdiction over

the fisheries for a distance of 3 miles off the mouth of any stream in

Alaska and authorizes him to prescribe for such area the regulations

deemed by him necessary or desirable to perpetuate the salmon sup-

ply. The bill, which has received the indorsement of the Depart-

ment, has been favorably reported by the House Committee on the

Merchant Marine and Fisheries and is now on the calendar.

The present law has no application to whales, crabs, shrimp, clams,

and various other valuable products, and the taking of such animals

is permitted without any restriction whatever. In the absence of any

protection very extensive and valuable clam beds in central Alaska

have been depleted, and other instances of the kind miglit be cited.

FUTURE DEVELOPMENT OF ALASKA FISHERIES.

While the salmon and halibut fisheries of Alaska will undoubtedly

hold a dominant place for many years, the greatest development of

the fishing industry is to be expected in other branches, particularly

in the increased attention given to cod and herring, ancl ultimately

to certain minor resources which are now almost untouched but

which in the aggregate constitute a potential source of food and
wealth that will mean much to the future welfare of Alaska. The
herring supply of Alaska is possibly unsurpassed anywhere in the

world, and there may be a,nticipated such a growth in herring fishing

and herring curing that a formidable rival of the salmon industry

may arise. Vast expanses of water in all parts of Alaska abound with

bottom food fishes of a kind in good demand in other parts of the

world, but their surface has remained practically unbroken by the

boats of fishermen equipped to take such fishes. Substantial devel-

opment may be expected also in the crab and shrimp fisheries. The
Alaska shrimps are not surpassed elsewhere in size and quality and
are undoubtedly destined to enter largely into commerce in a fresh,

frozen, and canned condition.

CONTROL OVER THE ALASKA FISHERIES.

There has been the usual agitation for the transfer to the Territory

of Alaska of the control over the aquatic and other natural resources

that has heretofore been exercised by the Federal Government.
The desire for this change of jurisdiction, while not entertained by
a conspicuously large number of the representative people of the

Territory, is a legitimate aspiration of those who hope to see Alaska
soon take her place as a sovereign State. As regards the fisheries,

the feeling is quite generally prevalent among those having property

interests that the time is not yet ripe for the assumption of the re-

sponsibilities of statehood.

While constantly dwelling on real and imaginary defects of the

fishery administration, it is a fact that interests ostensibly friendly
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to Alaska have successfully opposed all efforts on the part of the

Department to have Coiif^ress give to Alaska a now fishery code

adapted to the needs of the industry and have prevented the passage

by -Congress of constructive measures that have received favorable

action in committee after protracted hearings.

It is the well-known desire of the Department to give to Alaska
the most direct administration of the fisheries compatible with the

requirements of law, and a large measure of independent action has

been vested in the responsible representatives in various parts of

the Territory. As a matter of fact, the fisheries of Alaska are now
administered largely without reference to the Washington office,

and the criticism properly made about the attempts at long-range

control does not appl^^. '\A''ith the exception of the power of appoint-

ment to statutory positions Avhich is vested in the hecretar\' of Com-
merce, and the interpretation of questions of law which is vested in

the Department of Justice, practically full authority without recourse

to Washington is reposed in the Department's agents charged Avith

the protection of the fisheries of Alaska. Of the 63 persons em-
ployed in the enforcement of law and regulation for the protection of

the'Alaska fisheries in 1921, 40 were regular i-esidents of Alaska. An
even larger proportion of appointments from Alaska would be made
if suitable persons could be secured at the salaries that are available.

ALASKA FUR-SEAL SERVICE.

GENERAL ACTIVITIES AT THE PRIBILOF ISLANDS.

The administration of the Pribilof Islands, with their dependent
native inhabitants and with their valuable herds of fur seals and
blue foxes, is one of tlie most important duties devolving on the

Bureau. The material interests of the Government arise from inter-

national relations having to do with the utilization of the fur seals

and from the fact that the annual return from the islands is more
than a million dollars.

The affairs of the Government on the Pribilofs are managed by a

staff of about 15 white people, augmented b}' more than 300 natives.

These natives, the descendants of Aleuts taken to the islands by the

Russians more than a century ago, are undoubtedly as well cared

for as any other native people in Alaska. They are furnished food,

fuel, clothing, shelter, and other necessities, and have the benefit of

schools and competent medical supervision. In return they per-

form most of the labor involved in takinof and caring for the valu-

able products of the islands and in maintaining the Government
plants. They receive cash remuneration in proportion to the amount
and grade of ser^dce rendered. In recent years the local force of

able-bodied natives has been supplemented during the few weeks of

the active sealing season by 30 native laborers from the Aleutian

Islands.

In 1920 a dentist was engaged to spend a few months at the

Pribilof Islands. An excellent start was made in this much-needed
field, for which si>ecial provision had never before been made. In
order to continue the work thus inaugurated a dentist was sent to

the Pribilofs in the summer of 1921; he will remain through the

winter or until such time as his services are no longer required.
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The important problem of hoiisino; the natives has received atten-

tion, and improvements in the native dwellinfjs on St. Paul Island

will be made as funds are available. One additional dwelling on St.

Paul Island was completed and occupied during the past year.

School buildings and dwellings were repaired, a new shop and ware-

house was built on St. George Island, extensions to the salt houses

were made on St. Paul Island, additional roadwork was undertaken,

and, in conjunction with the Navy Department, preliminary work
in drilling an artesian well was done. The by-products plant on St.

Paul Island was operated, and 8,759 pounds of seal meal and 5,271

gallons of various grades of oil were produced.

The Bureau's vessel Eider has given valuable service in transpor-

tation of supplies and persons between Unalaska and the Pribilof

Islands, and also made trips to King Cove and Kodiak^ While re-

turning from the latter place in December, the Eider rendered note-

worthy assistance in locating at Chignik the disabled mail boat

Pulitzer^ long overdue, whose passengers, crew, and mail were taken

to Unga. Credit is due the master and crew of the Eider for this

work, as well as for other hazardous voyages during the winter to

the Pribilof Islands.

Acknowledgment is made of courtesies extended by the Navy
Department in the transportation of supplies and passengers on the

Saturn from Seattle to the Pribilof Islands and in carrying seal-

skins and fox skins on the return voyage of that vessel. The
operation of the radio stations on St. Paul and St. George Islands

has been of great value to the Bureau. The Bureau is also pleased

to acknowledge numerous courtesies by the Coast Guard in the trans-

portation of personnel and supplies upon vessels of that service.

THE SEAL HERD.

The 1920 census of the seal herd, taken as of date of August 10,

indicated 552,718 animals of all ages, an increase of 28,483 over 1919.

The census for 1921 gave 587,820 anim.als on the same date, an increase

of about 35,000. The number .of pups born in 1921 was 176,655. The
seals killed from one census date to the next are not included in these

figures. The 1920 enumeration was made by Dr. G. Dallas Hanna,
who had been in charge of this work for several years; the 1921 census

was placed under Edward C. Johnston, who had participated in the

work of the previous year.

An innovation connected Avith the census in 1921 was the construc-

tion of two runways 6 feet above the ground leading to observation

towers on one of the large rookeries on St. Paul Island, where in for-

mer years much difficulty and danger were experienced in making
accurate observations on the large number of massed seals. To fur-

ther facilitate the census, a number of concrete markers were prepared

and placed on the rookeries at important points.

The average number of cows per harem in 1920 was 41 ; in 1921 the

average was 45. These figures are regarded as indicating a very satis-

factory condition of the herd.

In order that the Bureau might have the views and counsel of per-

sons familiar with the fur-seal herd, an important conference was
held in Washington on January 10, 1921, at which there were dis-
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cussed iiK'thods and results of the seal census, the quota of 1921 and
sul)se(}U('nt .years, the lenfj^th of the seal-killin<; season, etc. It was the
sentiment of the conference that representatives of the interested
nations should visit the Alaskan, Japanese, and Russian seal islands
at an early date.

In June, 1921, a representative of the Bureau authenticated at Sitka
199 fur-seal skins leo;ally taken by natives in the spring of this year,
when the seal herd was migrating northward. A patrol of the seal-

ing grounds was maintained by the Bureau's vessels Murre and
Auklet in the latter part of May, while the herd was in that vicinity.

THE TAKE OF SEAI.SKINS.

The number of seals killed under governmental supervision on the
Pribilof Islands in 1920 was 26.648, of which 25,978 were taken
during the regular season ending on August 10 and the remainder in

fall and winter for the food purposes of the natives. Seals 3 and 4
years old yielded 25,297 of the total skins secured.
The quota of seals to be killed during the calendar year 1921 was

tentatively fixed at 30,000. The first drives were made in June, and
the season closed on August 5, five days earlier than usual, to avoid
the risk of killing cows which about that time began to resort to

the hauling grounds of the bachelor seals. The seals taken num-
bered 22.546, mostly 3 years of age. The usual fall killing, beginning
October 20, will add some hundreds to the skins available for sale.

As a result of extensive experimental work in 1920 certain innova-
tions and improvements in the taking and handling of fur-seal skins

were developed and put into effect along practical lines in 1921. It

was found that the highest grade of finished product could be secured
by removing the pelt from the carcass with the least possible use of
the knives, thus practically eliminating all cuts or flays on the under-
side of the pelt previously unavoidable at times even by the most
skillful skinners. This was accomplished by suspending the seal

from a tripod, cuts being made around the flippers, head, and down
the abdomen, and the skin then being simply stripped off the carcass.

In continuance of the new methods, the skins are then blubbered and
washed in sea water before salting, the experiments last season having
shown the great advantage of washing the pelts. An improved
method of spreading and stretching them at the time of salting has
also been tried. B}^ another year it is contemplated that all skins

will be taken in accordance with the new and improved processes, for

which special facilities have had to be provided.

SALE OF SEALSKINS.

In the fiscal year 1921 two public auction sales of fur-seal skins
were held at St. Louis. At the sale on February 21, 1921, 10,120 skins
brought $355,689, and on May 23, 1921, 10,060 skins were sold for
$359,715, a total of $715,404. The lower prices received reflectecl the
general depression in the fur markets of the world.
At the sale on February 21. 1921, there were also sold 111 sealskins

from the Japanese herd on Robben Island, representing the share of
the United States in the skins taken in the years 1918 and 1919. The
111 skins brought $3,434.
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As a net result of the sales of fur-seal skins in the fiscal year 1J)21

there will have been deposited in the Treasury of the United States
the sum of $341,543.46. In addition to this amount the sum of $123,-
058.42 has been set aside for payment to Great Britain and Japan as
their share of skins to which they are entitled under the North Pacific
Sealing Convention of 1911.

FOXES AND REINDEER.

A valuable natural asset on the Pribilof Islands are the herds of
blue foxes. The animals have to be held in check, and the taldng of a
certain number of pelts each winter is desirable. Under the plan in

effect on St. George Island, involving the systematic feeding of the
foxes during the winter on preserved seal carcasses, the herd has in-

creased steadily and further improvement may be expected.
The foxing operations in the winter of 1920-21 were most satis-

factory. Blue foxes to the number of 1,125 were taken for their skins,

together with 14 foxes in the white phase. This is the largest num-
ber of foxes taken since 1892-93, when 1,301 skins were reported by
the lessees of the islands.

During the past winter 240 pairs of the best blue foxes entering
the large trapping inclosure on St. George Island were released as

breeders.

The fox skins taken in the season of 1919-20, numbering 901 blues
and 37 whites, were sold at public auction in St. Louis on February
21, 1921. The price realized was $80,699, an average of $88.12 for
blues and $35 for whites.

The introduction of reindeer on the Pribilof Islands in 1911 has
proved very successful. The original stock consisted of 40 animals.
The most recent computation indicated 192 on St. Paul Island and
125 on St. George Island, or 34 more than the number reported for
the previous year. These figures do not include 53 animals used for
food purposes during the intervening period. The herds are becom-
ing more and more valuable as a splendid source of fresh meat for
both the whites and natives.

MISCELLANEOUS.

SEMICENTENNIAL OF THE BUREAU.

The Bureau of Fisheries attained the fiftieth year of its existence

on February 9, 1921, having had its origin in a joint resolution
passed by Congress on February 9, 1871.

At the time of its establishment, and for many years thereafter,

the Bureau was an independent commission and its duties were
largely investigatory. Scientific investigation, the initial function
imposed on the service by law, has remained a prominent branch of
the work, recognized as an essential aid to fish culture and the fish-

eries. From time to time in the early years Congress imposed new
responsibilities and duties, and the growth was rapid. The collec-

tion of statistics of the commercial fisheries, which was undertaken
at an early date to meet a pressing national need, soon expanded
into a comprehensive study of all phases of the fisheries which
reached a high degree of progress in the second decade of the
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Bureau's existence, and in more recent years has been extended and
timplified, with a view to supplying practical aid to the fishinj;

industry.

Tile early investigations of the food-fish resources of the coastal

and interior waters of the country, undertaken in response to acts of
Congress, convinced the first Commissioner that, with the control

and regulation of tiie fisheries vested in the various States, an im-
portant role for the Federal Government to play in the mainte-
nance of those resources was in the field of artificial propagation.
This soon became the most extensive branch of the service, and has
continued to employ the most people and receive the largest appro-
priations, but in the organization and administration of the Bureau
fish culture has never been more than a coordinate division of the
work. In 1910 there was imposed on the Bureau for the first time
responsibility for the administration of protective laws, when the

fishes and fur seals of Alaska wore transferred to its custody.

The early operations of the Bureau attracted to its service an able

corps of men who became pioneers in various branches of fish cul-

ture, aquatic biology, and fishery technology, and who gave to the

work a trend and character which have continued to serve as a

guide.

As evidence of the scope and character of the Bureau's activities

during the 50 vears of its existence, there has been issued an analyti-

cal subject bibliography of its publications from 1871 to 1920,"

inclusive. This document lists many thousand separate titles cover-

ing the fisheries, fish culture, aquatic biology and physics, oceanogra-
phy, fisher^^ legislation and protection, etc., constituting the most
extensive series of reports in this field ever published.

NEW BUILDINGS AND IMPRO^T.MENTS.

A very satisfactory new fireproof building has been constructed

at the Woods Hole (Mass.) station, under a contract awarded Jan-
uary 6, 1921, for $51,000. The new structure replaces a storehouse

and machine shop destroyed by fire and an old boiler house and
pump house which had become so permeated with dry rot that it

had to be demolished. From the special appropriation provided
for this purpose the equipment, machinery, and stores consumed by
the fire have been replaced, a salt-water filter has been provided, and
various other improvements have been brought about.

The balance of the special appropriation for the Bozeman (Mont.)

station after the repairing of the superintendent's residence was used
for the purchase and erection of a bungalow for the foreman con-

taining five rooms, a cellar, and a spacious attic.

The new laboratory building of the fisheries biological station at

Fairport, Iowa, has been completed and equipped and has been
actively used for the purposes for which the station was established.

Formal acceptance of the building from the architect and its dedi-

cation to the service of the fisheries occurred on October 7, 1920.

The structure, which replaces a frame building destroj^ed by fire in

1917, is of concrete, stone, and brick, is about 100 by 50 feet, with
three stories and basement, and is superior to the old building in

respect to capacity, convenience, and serviceability. The normal ac-
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commodations for 16 investigators may be increased as circumstances

demand. Among the useful features are a library, a chemical labora-

tory, a photographic room, a museum, a mess hall and kitchen, and
tank and aquarium rooms, in addition to offices.

At the beginning of the j^ear reconstruction work at the Baker
Lake (Wash.) station was well under way, and though hampered
by difficulties in transportation and by high prices of material and
labor has progressed to a point where the station is again on an
efficient working basis. In addition to the hatchery described in

the last report a bunk house, sawmill, and workshop have been

erected, all of which are of frame construction with iron roofs.

Practically all the tools and appliances, including nets, seines, hatch-

ery equipment, and furniture of all kinds, were destroyed and have
been replaced. Communication with Baker Lake station is by means
of pack horses over an 18-mile trail, and the large amount of heavy
material needed in the reconstruction of the plant has made it neces-

sary to undertake considerable improvements to the trail, including

the rebuilding of bridges, corduroy work over swampy portions^

and grading at other points.

The construction work at the Yes Bay (Alaska) station has in-

cluded the installation of a new water-supply system, the main line

consisting of about 4,000 feet of 16-inch and i8-inch wood-stave pipe

for conveying water to the hatchery and ponds, with 1,250 feet of

6-inch pipe to supply water for domestic use and fire protection.

New foundation timbers have been laid under the hatchery, the

worn-out floors of the building have been replaced with new ones.

240 hatching troughs and a 196-foot supply trough have been con-

structed, and important repairs have been made to other buildings

and equipment.

VESSEL SERVICE.

Owing to the Bureau's inability to secure qualified personnel for

investigation and research work, the operations of the steamers Alba-

tross and Fish Haick were restricted during the fiscal year. The
Albatross (excepting one trip in connection with the Chesapeake Bay
survey, when the Fish Hawk was in quarantine) was not actively

engaged and advantage was taken of the opportunity to make needed

improvements to the crew's quarters, to modernize sanitary arrange-

ments, to repair and strengthen deck houses, to replace sounding and

dredging gear with approved appliances, and to renew the equip-

ment generally. The ship has been lying at the Coast Guard depot

at South Baltimore, and the advisability of placing her out of com-

mission and releasing her naval officers and crew is under consid-

eration.

The physical and biological survey of Chesapeake Bay, undertaken

in the previous year, was continued by means of the steamer Fish

Hawk, and has been practically completed in so far as need for that

vessel is concerned. Seven trips, extending the entire length of the

bay, were made, with a total mileage of 2,275. The plan of the work
embraced observations at about 35 stations, and while each one was

not occupied on every trip, 190 stations were made in all and 29 sta-

tions were made by the Albatross.
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During the fiscal year three cruises were undertaken by the steamer
IlaJvyon—two for the pnrjwse of oceanographic investigations in the

Gulf of Maine and one at the request of Massachusetts fishing inter-

ests in an endeavor to locate schools of mackerel. The latter cruise

occurred in August and covered some 1,000 miles of fishing grounds
in tlie Gulf of Maine and to the southwest and west of South Shoal
Lightship. The results were almost entirely negati^e. The vessel

was accompanied by practical mackerel fishermen who represented

the Gloucester Board of Trade. The oceanographic cruises were
made in December, Januarj^ and March, and were under the charge
of Dr. Henry B. Bigelow. None of the trips was of long dura-

tion, but 23 stations were occupied with the use of appropriate
apparatus and 1,28G miles Avere steamed between Cape Cod and Nova
Scotia. During July and August the vessel was overhauled and con-

templated improvements were completed. She is now equipped with
a single drum hoist for dredging purposes and a complete ekjtric-

light S3stem.

The auxiliary schooner Eider performed excellent service during
the year as a tender for the Pribilof Islands, 10 round trips having
been made between I'nalaska and the islands for the transportation

of cargo and passengers and one trip to King Cove. In November,
1920, it was necesary for the vessel to go to Kodiak for repairs which
could not be made at Unalaska. The vessel was at sea every month
in the year and cruised about 7,800 miles.

The small fishery patrol boats Murre and Aukht were engaged the

greater part of the year in their usual work in southeastern Alaska
for the protection of the fisheries. Transportati(m was afforded to a

number of employees of other Government bureaus. In May the two
vessels maintained a patrol in the vicinity of Sitka for the protection

of the migrating fur-seal herd. The AiiMet made a trip to Prince

Rupert during May for the purpose of procuring foodstuffs needed

by merchants of Wrangell and Ketchikan to relieve the shortage re-

sulting from the steamship strikes. In June the AuMet towed the

Osprey from Wrangell to Seattle and on the return trip towed the

Petrel from Seattle to Wrangell. Each of the two boats cruised

about 4,400 miles.

The Phalarope^ Gannet^ and Shearwater were occupied as usual

in fish-cultural work, the first two on the New England coast, the last

on Lake Erie.

The motor boats obtained by transfer from the Navy have been

renamed, and two, the Petrel (formerly the Cobra) and the Mergan-
ser (formerly the Calypso)^ have been transported to Puget Sound
on a naval collier and prepared for fishery patrol work in Alaska.

A third, the Curlew (formerly the Polly), has been taken to Cape
Vincent, N. Y., and is doing good service in connection with the fish-

cultural operations on Lake Ontario. The Fulmar (formerly the

Wachusetts) is being fitted out for similar duty on Lake Michigan.
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APPROPRIATIONS.

The regular appropriations for the support of the Bureau of

Fisheries for the fiscal year 1921 aggregated $1,216,310. The specific

purposes for which the appropriations were made and the amounts
thereunder Avere as follows

:

Salaries $448,810
Pay of officers and crews of vessels for Alaska service 26, 000

Miscellaneous expenses:
Administration 11, 000
Propagation of food fishes 400, 000
Maintenance of vessels 120,000
Inquiry respecting food fishes 45, 000
Fishery industries 7, 500
Protecting sponge fisheries 3, 000
Protecting seal and salmon fisheries 140, 000

Special appropriations

:

Fur-seal islands, repairs and improvements 10, 000
Fairport Qov^^a) biological station, equipment 5,000

Deficiency appropriations as follows, amounting to $13,775, be-

came available during the year

:

Maintenance of vessels $4,422
Protecting seal and salmon fisheries 9, 353

In accordance with law, a detailed statement of the expenditures

under the regular and deficiency appropriations will be duly sub-

mitted.

Respectfully submitted.
Hugh M. Smith,

Commissioner of Fisheries.

To Hon. Herbert Hoover,
Secretary of Commerce.

o
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INTRODUCTION.

The most valuable commercial fisheries in the world, excepting
only the oyster and herring fisheries, are those supported by the salm-
ons. Of these the most important by far are the salmon fisheries

of the Pacific coast of North America, where California, Oregon,
Washington, and Alaska, including also British Columbia, possess
industries representing millions of dollars of investment and millions

of output annually. In Siberia the fishery is increasing in impor-
tance annually as mea.is of transportation become better, while Japan
is also becoming a large factor in the salmon markets of the world
through her investments in the salmon fisheries of Siberia and, to a

lesser extent, through fisheries prosecuted in her own waters.

In this third edition of the report ** considerable new material has
been added, while some chapters have been entirely remodeled and
materially enlarged. The statistical data have been brought up to

January 1, 1920. The author is indebted to the Pacific Fisherman,
of Seattle, Wash., for certain illustrations and to George C. Teal for

permission to use his copyrighted picture shown as figure 11. Most
of the illustrations are from pictures taken by the author.

THE SPECIES OF SALMON AND THE RUNS.

The Pacific coast salmons are all included in the genus Oncorhyn-
chus. With them the fishermen incorrectly class the steelhead trout,

which really belongs to the closely related genus Salmo.
As long ago as 1731 the species of Oncorhynchus were first made

known by Steller, who, almost simultaneously with Krascheninikov,
another early investigator, distinguished them with perfect accuracy
under their Russian vernacular names. In 1792 Walbaum adopted
these vernacular names in a scientific nomenclature for these fishes.

a First edition: The Salmon Fisheries of the Pacific Coast. By John N.Cobb. U.S. Bureau of Fisheries
Document No. 751, 180 pp. Washington, 1911.
Second edition: I'aciflc rtalmon Fisheries. By John N.Cobb. U. S. Bureau of Fisheries Document

No. 839, Appendix III, Report, U. S. Commissioner ol Fisheries, 1916, 255 pp., 29 pis. Washington, 1917.
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FIG. 2.—CHINOOK SALMON. BREEDING MALE.

FIG. 3.—SOCKEYE SALMON. ADULT MALE.

FIG. 4.—COHO SALMON. BREEDING MALE.
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FIG. 5.—CHUM SALMON. BREEDING MALE.

FIG. 6.—HUMPBACK SALMON. ADULT MALE.

FIG. 7.—bTEELHEAD TROUT.
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Five species of salmon (Oncorhynchus) are fouiul in the waters
of the north Pacific, ran<;in{i; northward from Monterey Bay on
the American coast and Japan on the Asiatic, the extreme northern
distribution of certain of the species liaving not yet been accurately
determined. Tlie five species are: (1) Oncorhynchus tschav^ytscha,

quiiinat, tyee, chinook, sprinoj, or king salmon; (2) Oncorhynchus
nerJca, bluoback, red, sukkcj^li, or sockeye salmon; (3) Oncorhynchus
kisutch, silvoi', coho, or white salmon; (4) Oncorhynchus keta, dog,

keta, or chum salmon; and (5) Oncorhynchus gorhuscha, humpback or
pink salmon.

CHINOOK, QUINNAT, OR KING SALMON.

The largest, best known, and most valuable of these is the chinook
or king salmon (0. tfich(tirytscha). It is found throughout the region

from tlie Ventura liiver, Calif., to Norton Sound, Alaska, and on the
Asiatic coast as far south as northern China. As knowledge extends,
it will probably be recorded in the Arctic.

In the spring the body is silvery, the back, dorsal fin, and caudal
fin having more or less of round black spots, and the sides of the
head having a peculiar tin-colored metallic luster. In the fall the
color is, in some places, black or dirty red. The fish has an average
weight of about 22 pounds, but individuals weighing 70 to over 100
pounds are occasionally taken. One was caught near Klawak,
Alaska, in 1909, which weighed 101 pounds without the head. The
Yukon liiver is supposed to produce the finest examples, although
this supposition is not based on very reliable observations. The
southeast Alaska fish average as high as 23 pounds in certain sea-

sons, followed by an average of about 22 pounds in the Columbia
River and about 16 pounds in the Sacramento.

In most places the flesh is of a deep salmon red, but in certain

places, notably southeast Alaska, Bristol Bay, Puget Sound, and
British Columbia, many of the fish, the proportion being sometimes
as much as one-third of the catch, have white flesh. A few examples
have been taken with one side of the body red and the other white,
while some are found with mottled flesh. No reasonable explanation
of this phenomenon has yet been given.

In its southern range the quinnat strikes in at Monterey Bay in

sufficient numbers to justify commercial fishing about the middle of

April, where it is seen feeding upon the inshore moving schools of

herring and sardines, continuing until in August. There are two
runs of spawning fish in the Sacramento, the first or ''spring run"
beginning in April and continuing throughout May and June, these
fish spawning mainly in the cold tributaries of the Sacramento, such
as the McCloud and FaU Rivers. The second or "fall run" occurs
in August, September, and October, and these fish spawn in the
rifiles in the main river between Tehama and Redding, also entering
the tributaries in that vicinity. The two runs merge into each other.
It is also claimed that there is a third run which comes in December.

In former years the San Joaquin and the American and Feather
Rivei-s of the Sacramento system had large runs of salmon, but ex-
cessive fishing and the operation of various mining and irrigation

projects have practically clepleted them.
The Eel and Mad Rivers of northern California have only a late

or fall run, while the Klamath River has both a spring and a fall
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run, and Smith River has a spring run alone. Rogue River in

Oregon has both a spring and a fall run, and the Umpqua and several

other coast streams of Oregon have small early runs.

The Columbia River has three runs, the first entering during
January, February, and March, and spawning mainly in the Clack-
amas and neighboring streams. The second, which is the best run,

enters during May, June, and part of July, spawning mainly in the
headwaters. The third run occurs during late July, August, Sep-
tember, and part of October, and spawns in the tributaries of the
lower Columbia.

In Puget Sound chinook salmon are found throughout the year,

although it is only during the spawning season that they are very
abundant. In the Fraser River, a tributary of the Sound, the rmi
occurs from March to August.

In the Skeena River, British Columbia, the run occurs from May
to July, the same being approximately true of the Nass also.

In southeast Alaska they are found aU months of the year. From
March to the middle of June they are abundant and feeding in the

numerous straits and sounds; in May and June the spawning fish

enter the Unuk, Stikine, Taku, ChiUcat, Alsek, and Copper Rivers
in large numbers, and in a few smaller streams in lesser abundance.
In August, September, and October they are again to be found in

large numbers feeding in the bays and sounds, while during the

winter months a few have been taken on trawls set for halibut,

showing that they are living in the lower depths at this time.

In Cook Inlet the run occurs during May and June and is com-
posed wholly of red-meated fish; in the rivers of Bristol Bay the run
comes in June and July, principally in the first-named month, and
the same is true of the Togiak, Kuskokwim, and Yukon Rivers, the

late appearance of the fish in the upper courses of the Yukon being

due to the immense distance the fish have to cover.

SOCKEYE, BLUEBACK, OR RED SALMON.

Tlie red or blueback salmon (0. nerTca), which forms the greatest

part of the canned salmon of the world, when it first comes in

from the sea is a clear bright blue above in color, silvery below. Soon
after entering the river for the purpose of spawning the color of the

head changes to a rich olive, the back and sides to crimson, and finally

to a dark hlood red, and the belly to a dirty white. The maxirnum
weight is about 12 pounds, and length 3 feet, with the average weight
about 5 pounds, varying greatly, however, in different localities.

Observations of Chamberlain "• in Alaska show that the average
weight of a number of sockeyes taken from Yes Bay was 8.294 pounds,
while the average weight of a number from Tamgas was only 3.934

pounds. Evermann and Goldsborough ^ report as a result of the

weighings of 1,390 red salmon, taken from as many different places

in Alaska as possible, an average weight for the males of 7.43 pounds;
for the females, 5.78 pounds; or an average weight for both sexes of

6.57 pounds. A run of smaU, or dwarf, males accompanies certain

of the main runs, being especially noticeable in the Chignik Lagoon

a Some Observations on Salmon and Trout in Alaska. By F. M. Chambprlain, naturalist,U.S. Fisheries

steamer Albatross. U. S. Bureau of Fisheries Document No. 627, p. SO. Washington, 1907.

6 The Fishes of Alaska. By B. W. Evermann and E. L. Goldsborough. Bulletin, U. S. Bureau of

Fisheries, 1906, Vol. XXVI, p. 267. Washington, 1907.
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(Alaska) run. This species usually enters streams with accessible

lakes in their courses.

These fish are occasionally found landlocked in certain lakes,

especially in the State of Washington, and are always much smaller
in size than the sea-run fish. In Bumping Lake, near North Yakima,
Wash., they are quite abundant and are mature when about a pound
in weight. Despite the fact that these fish have a soft mouth, anglers

consider them very gamey. They take bait, the fiy, and the trolling

spoon. Large numbei-s are hatched and distributed by the Washing-
ton Fish and Game Commission under the name of "silver trout."

A few specimens of the sockeye have been taken as far south as

the Sacramento Kiver. In Humboldt County, Calif., small runs are
said to occur in Mad and Eel Rivers, while 20 sockeyes are reported
as having been taken in the Klamath River in the autumn of 1915.
Only an occasional specimen appears in the coastal streams of Oregon.
The Columbia is the most southern river in which this species is

known to run in any considerable numbers, entering the river with
the spring run of chinooks. From here south the species is called

blueback exclusively. A considerable run enters the Quinault River,

Wash., and there is also a small run in Ozette Lake, just south of

Cape Flattery.

In the Puget Sound region, where it is known as the sockeye,
this species ascends only the Skagit River in commercial numbers,
although a smaO run appears in the Lake Washington system of

lakes and, possibly, in the Snohomish, Stillaguamish, and Nooksack
Rivers.

At one time the greatest of all the sockeye streams was the Fraser
River, British Columbia, a stream famous from very early days for

its enormous runs of this species, a peculiar feature of which is that
there is a marked quadrennial periodicity in the run. The maximum
run occurs the year following leap year, the minimum on the year
following that. The greater part of the catch of the Puget Sound
fishermen is made from this run as it is passing through Washington
waters on its way to the Fraser. The fish strike in during July and
August on the southwest coast of Vancouver Island, apparentlycoming
from the open sea to the northwest. They pass through the Straits
of Juan de Fuca, Rosario, and Georgia, spending considerable time
in the passage and about the mouth of trie river. Small numbers
run as early as May and as late as October, but the main body enters
about the first week in August.
The sockeye occurs in most of the coastal streams of British

Columbia, and is usually the most abundant species. The principal
streams frequented are the Skeena, Rivers Inlet, Nass, Lowe Inlet,

Dean Channel, Narau Harbor, Bella Coola, Smith Inlet, Alert Bay,
and Alberni Canal.

In Alaska, where this fish is generally known as the red salmon,
it is abundant and runs in great numbers in all suitable streams,
of which the following are the most important: In southeast Alaska,
Boca de Quadra, Xaha, Yes Bay, Thorne Bay, Karta Bay, Nowiskay,
Peter Johnson, Hessa, Hetta, Hunter Bay, Klawak, Redfisii Bay,
Stikine, Taku, Chilkoot, Chilkat, Alsek, Situk, Ankow, etc.; in

central Alaska, Copper, Knik, Kenai, vSusitna, Afognak, Karluk,
Alitak, Chignik; and in the Bristol Bay region, the Ugashik, Ugaguk,
Naknek, Kvichak, Nushagak, and Wood. It is also supposed to



10 U. S. BUREAU OF FISHERIES.

occur in small numbers in the Togiak, Kuskokwim, and Yukon
Rivers, which debouch into Bering Sea, and possibly occurs in the
Arctic streams of Alaska. The run in western Alaska begins usually
early in June and extends usually to the middle of August, the bulk
of the run occurring in the first three weeks of July. It begins earlier

in Prince William Sound, however, and sometimes extends into Sep-
tember in southeast Alaska. The duration of the run averages about
the same in each section.

SILVER OR COHO SALMON.

The silver or coho salmon (0. Jcisutch) is silvery in spring, greenish
on the upper parts, where there are a few faint black spots. In the
fall the males are mostly of a dirty red. The flesh in this species is

of excellent flavor, but paler in color than the red salmon, and hence
less valued for canning purposes. The maximum weight is about 30
pounds, with a general average of about 6 pounds.
The silver salmon is found as far south as Monterey Bay, where

it appears during the month of July, and is taken by the trollers.

From Eel River, in California, north, it is found in most of the
coastal streams. It usually appears in July, and runs as late as
November, the time of appearance and disappearance varying some-
what in different sections. Owing to its kite appearance compara-
tively few, and they usually in the early part of the season, are packed
by the canneries, most of which shut down in August and vSeptember.
This fish also tarries but a short time about the mouth of the stream
it is to enter, and is wary of nets, which makes it rather unprofitable
to fish for the latter part of the season when it is running alone.

HUMPBACK OR PINK SALMON.

The humpback or pink salmon {0. gorbuscha), the smallest of
American species, weighs from 3 to 11 pounds, the average being
about 4 pounds. Its color is bluish above, silvery below, the posterior
and upper parts with many round black spots, the caudal fin always
having a few large black spots oblong in shape. The males in fall

are dirty red and are very much distorted in sliape, a decided hump
appearing on the back, from which deformity tlie species acquires
its name. The flesh is pale, hence its canned name, "pink" salmon.
The southern limit of the fish is the San Lorenzo River, Santa Cruz

County, but only occasional specimens are found here and in the
rivers to the northward until Puget Sound is reached. Plere a large

run appears every other year, the only place on the coast where such
is the case.

The humpback occurs in varying abundance in the waters of

British Columbia, but it is in the waters of southeast Alaska that it

appears in its greatest abundance. Many of the canneries in this

region and some of those operating in central Alaska depend mainly
upon the humpback for their season's pack, and the canned product
now occupies an excellent position in the markets of the world.
The fish spawn in nearly all of the small, short streams.

In western Alaska the runs are much smaller and the humpback
is not much sought after by the cannery men, who are usually able

to fill their cans with the more valuable species.
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In southeast Alaska the run begins in fJune and continues until

September. In western Ahiska the period is somewhat shorter. Jn
Puget Sound it continues until late in the fall, althougli but few are

taken after September 15.

DOG OR CHUM SALMON.

The dog or chum salmon (0. Jceta) reaches a maximum weight of

16 pounds, the average being about S pounds. When it first appears
alonti; tlie coast it is dirty silvery, mmiaculate or sprinkled with
small black specks, the tins dusky, the sides with faint traces of

ojridironlike bars. Later in the season the male is brick red or
blackish, and its jaws arc greatly distorted. Its llesh is light yellow,

especially when canned. It is especially good for freezing, salting,

and smoking.
This species has a wide distribution. It is found as far south as

San Lorenzo River, Santa Cruz County, Calif., but is not utilized

commercially in California except on Eel River. It is found in most
of the coastal streams from here north, being especially abundant
from Puget Sound northward to southeast Alaska, botli inclusive.

In this region it is being utlized in greater abundance each year, as

the market for it widens.
In central, western, and arctic Alaska the species occurs in varying

abundance, but it is utilized sparingly, except by the natives, witli

whom it is the favorite species dried for winter food for their dogs.

The run of dog salmon comes later than that of any other species

except the coho. In iVlaska it begins in June, but the height of the
season does not occur until late in August or early in September, and
fish are found as late as November. In Puget Sound they run from
about the middle of August till late in November, and practically

the same is true in the Columbia River.

STEELHEAD TROUT.

The steelhead trout (Salmo gairdncri) is commonly classed as one
of the salmons by the fishermen of the Pacific coast, and it has been
included in this report on this account. It is said to have receiveil

its common name from the hardness of the skull, several blows of

the club being required to kill the salmon when taken into the boat.
In different localities the average weight is placed at from 8 to 15
pounds, while extreme sizes reach 45 pounds. The excellent quality
of its flesh causes it to be highly prized for the fresh ant! frozen
markets, but owing to its pale color only limited quantities are canned.
The principal c( nter of abundance of this species is the Columbia

River. It is found fromCarmel River, Calif., north to central Alaska,
and ])ossibly has an even wider range in Alaska. As a result of

ext(>nsive plants made during the last five or six y^ears the range lias

been much extended on the Pacific coast as well as elsewhere in this

country. It seems to be found in the rivers during the greater part
of the year. In the Columbia River the spawning season is from
February to May, in Puget Sound in the spring, and in southeast
Alaska in May and flune. The best commercial fishing is in January,
February, and March. In California the catching of this species is

restricted to hook and line fishing.
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AGE OF SALMON AT MATURITY.

As practically all salmon which have the opportunity spawn but
once and then die, knowledge of the age at which this occurs is of

great interest both from an economic and scientific standpoint.
Many attempts have been made to solve the problem with the sockeye
and king salmon, the most important commercially of the five species,

by means of marking artificially reared fry, usually by clipping
one of their fins before they are liberated, as noted elsewhere in this

report, but with unsatisfactory results.

Fortunately, certain experiments carried on in Tomales Bay, Calif.,

and in New Zealand, where king fry were planted in streams not
frequented by the species in question and the return of the adults
noted, have yielded some interesting and accurate information on
the subject. These indicated that the age was four or more years,

as no run was reported until the fourth year.

A more certain method of determining the age of salmon has been
developed in recent years through the adaptation by American
scientists of the discovery by European investigators that the ridges

observed on the scales of certain fishes indicated a period of growth
of the animal itself.

Dr. Charles H. Gilbert, of Stanford University, as early as 1910,
applied this method to the determination of the age of the various
species of Pacific salmon. As to its application to the Pacific salmon
and the general method followed. Dr. Grdbert has the following to say:

While tlie method is new as regards Pacific salmon, it has been experimentally
tested and fully approved by the Fisheries Board of Scotland in the case of the Atlantic
salmon, and is now universally accepted as furnishing reliable data as to the age and
many other facts in the life history of that fish. It has been shown to be applicable
also to various species of trout, and its value has been demonstrated in fishes as widely
divergent as the carp, the eel, the bass, the flounder, and the cod. Descriptions of

this scale structure and its significance have appeared in a large number of papers,
both scientific and popular. It will suffice here to repeat that the scale in general
persists throughout life, and grows in proportion with the rest of the fish, principally

by additions around its border. At intervals there is produced at the growing edge
a delicate ridge upon the surface of the scale, the successive ridges thus formed being
concentric and subcircular in contour, each representing the outline of the scale at a
certain period in its development. Many of these ridges are formed in the course of

a year's growth, the number varying so widely in different individuals and during
successive years in the history of the same individual that number alone can not be
depended on to determine age. For this purpose we rely upon the fact that the fish

grows at widely different rates during different seasons of the year, spring-summer
being a period of rapid gi'owth and fall-winter a season when growth is greatly retarded
or almost wholly arrested. During the period of rapid growth the ridges are widely
separated, while during the slow growth of fall and winter the ridges are crowded
closely together, forming a dense band. Thus it comes that the surface of the scale

is mapped out in a definite succession of areas, a band of widely spaced rings always
followed by a band of closely crowded rings, the two together constituting a single

year's growth. That irregularities occur Mdll not be denied, and this is natural,
inasmuch as growth may be checked by other causes tlian the purely seasonal one.
Also a considerable e.xperience is requisite for the correct interpretation in many
cases, and a small residue of doubtful significance has always remained. This element
is too small to affect the general results, and further investigation will almost certainly
eliminate the doubtful cases altogether."

a Age at Maturity of the Pacific Coast Salmon of the Genus Oncorhynchus. By Charles H. Gilbert
Bulletin, U. S. Bureau of Fisheries, 1912, Vol. XXXII, pp. -1, 5. Washington, 1913.
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As a result of his investigations up to this point, Dr. Gilbert pre-
sented the following conclusions drawn from trie data collected:

1. The sockoyo spawns normally either in its fourth or fifth year, tlie king salmon
in its fourth, fifth, sixth, or seventh year, the females of both species being preponder-
atinply 4-year fish.

2. The young of both sockeye and king salmon may migrate seaward shortly after

hatching, or may reside in fresh wafer until their second spring. Those of the; first type
grow more rapidly tlian the second, but are subject to greater dangers and develop
proportionately fewer adults.

3. Coho salmon spawn normally only in their third year. The young migrate either as
fry or yearlings, but adults are developed almost exclusively from those which migrate
as yearlings.

4. Dog salmon mature normally either in their third, fourth, or fifth years, the
humpback always in their second year. The young of both species pass to sea as soon
as they are free swimming.

5. The term
fish which sparir

in adAance
of the king salmon, coho, and dog salmon are exclusively males: of the sockeye, almost
exclusively males, except in the Columbia River, where both sexes are about equally
represented. The larger grilse meet or overlap in size the smaller of those individuals
which mature one year later at the normal period.

6. Grilse of the sockeye are in their third year, of the king salmon in their second
or third year, of the coho and the dog salmon in their second year.

7. The great differences in size among individuals of a species observed in the
spawning run are closely correlated with age, the younger fish averaging constantly
smaller than those one year older, though the curves of the two may overlap."

Since 1910 Dr. Gilbert has devoted much of his time to investiga-
tions'' along this line, especially on the sockeye, with most interesting

and valuable results.

His observations on the sockeye runs of British Columbia indicate
that they consist principally of four and five year fish and that these
two classes appear during successive seasons in widely differing pro-
portions; that each stream has its distinctive race of sockeye, the
progeny returning at maturity to the parent stream; that sockeye
fry rarely survive when they proceed to sea within the year in which
they are hatched; and that sea feeding, with the consequent rapid
growth, is the most important factor in producing early maturity,
an equal number of years in fresh water producing comparatively
little effect.

MARKING SALMON.

A favorite recreation for quite a number of Pacific coast people has
been the marking of salmon fry in order to find out the age at which
they return to spawn, the rate of growth, etc. Scattered through
the reports of the various State fish commissions, and occasionally
in the reports of the United States Bureau of Fisheries, are to be found
detailed reports of such markings and the sometimes remarkable

1 Age at Maturity of the Pacific Coast Salmon of the Oenus Oncorhvnchus. By Charles H. Gilbert.
Bulletin, r. S. Bureau of Fisheries, 1912, Vol. XXXIl, pp. 21, 22. Washington, 1913.

b Contributions to the Life Historj- of the Sockeye Salmon. (Xo. 1.) By C. H. Gilbert. Report of
British Cohunbia Commissioner of Fisheries for the year ending Dec. 31, 1913, with Appendices, pp. R53-78.
Contributions to the Life History of the Sockeye S'almon. (Xo. 2.) By C. H. Gilbort. Report British
Columbia Commissioner oi Fisheries for llie year ending Dec. 31, 1914, with Appendices, pp. X45-75. Con-
tributions to the Life History of the Sockeye Salmon. (Xo. 3.) By C. H. Gilbert. Report British
Columbia Commissioner of Fisheries lor the year ending Pec. 31, 191.5, with Appendices, pp. §27-64, fi pis.
Contributions to the Life History of the Sockeye Salmon. (No. 4.) By C. K. Gilbert. Report liritish

Contributions to the Life History of the Sockeye Salmon. (No. 6.) By C. H. Gilbert. Report, feritish
Columbia Commissioner of Fisheries for the year ending Dec. 31, 1919, with Appeneices, pp. U35-68, li pis.
Victoria, British Columbia.
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results attained, apparently at varying periods subsequent to the
marking.

All sorts of marks were employed. The favorite was the removal
of the adipose fin, the experimenters appearing to be of the opinion
that the fish would miss this the least oi any. However, the entire

or partial removal of nearly every fin was practiced by some one or

other of the many experimenters. Sometimes a V or a U was
punched out of the tail or the gill cover, and in one or two instances

a tag was employed.
In time these marking experiments became so numerous, and so

imperfect a record was kept of them by any central authority, that

frequently it was impossible to tell, when an apparently marked
specimen was obtained, where and when it was marked, and as a

result but little dependence could have been placed upon them even
had there been no other factors conspiring to vitiate their value.

Fishermen are continually finding in their nets salmon which they
feel sure have been marked by some hatchery. Scores of times in

the course of his various investigations of the fisheries of this coast

the WTiter has been told of or shown specimens which the fishermen
thought had been marked. Many of these marks were on the side of

the fish and represented an M or W, depending upon the angle from
which viewed, and it was impossible, generally, to convince the fisher-

men that this mark was caused by the twine of his gill net pressing

on the side of the fish. The obvious fact that a fish could not survive

when in the fry stage the infliction of such a mark did not occur to

them.
Frequently the scars left by the suctorial organs of the lamprey

have been mistakenly supposed to be hatchery marks. This scar

resembles very closely a date stamp on a canceled letter.

One of the most interesting cases of salmon marking, and one
which drives home the necessity for accepting reports of returns from
such markings with extreme caution, is that of F. M. Chamberlain,
then naturalist of the Bureau of Fisheries steamer Albatross, on the

Naha Stream in Alaska.
In August, 1903, 1,600 red salmon fry, reared for the purpose from

the 1902 eggs, at the Fortmann hatchery of the Alaska Packers
Association, near Loring, Alaska, were marked by Mr. Chamberlain
by excising both ventrals with fine curved scissors. The fry were
released in the Naha River as soon as marked, at which time they
were about three months old.

In 1906 between 50 and 100 adult reds with ventral fins missing

were reported by the superintendent of the hatchery at Yes Bay,
which is located on the northern side of Behm Canal (Naha being on
the southern side) and some 15 miles farther up the canal than the

mouth of Naha Stream. Some of these also had the adipose removed,
this mark having also been used on some of the fry. At the Fort-

mann hatchery, where they were marked, only two of these fish were
obtained in 1906.

From then on until 1912, a period of 9+ years, the return of a

number of these supposedly marked fish is noted each year at the

two hatcheries in question, the number reported in the latter year
being larger than in some of the intervening years. In 1912 Mr.

Chamberlain himself pointed out the impossibility of these all being

from the fry he had marked and no further attention was paid to them.



PACIFIC SALMON FISHERIES. 15

The principal tliini;; that this and sonic^ of tlie other many experi-

ments in salmon markino; prove is that the percentage of salmon
wliich accidentally lose, either through disease or the attacks of tlieir

many enemies, one or more of their fms, or portions of same, is much
larger than most people suppose. Out of the many millions taken
annually in commercial and fish cultural operations it is not surprising

tliat some should be minus such exposed portions of their anatomy
and this percentage would doubtless bo found to be considerable \v(>re

particular attention directed t(nvard it. As it is now. it is only
occasionally that the fisherman notices sucli loss, or mentions the
same when he does, unless his attention has been directed to it by
particular infjuiry. In the Chamberlain exj)eriment, for instance,

after 1907 considerable publicity^ was given to tlie search for such
marked fish, and the Avriter, in his travels through southeast Alaska
durinf^ the succeeding years until the end of 1911, frequently was told

b}- fishermen that they had caught salmon with missing fins. Inquiry
developed that while a few of the lost fins were the same as Chamber-
lain had excised, a number were entirely different fins, showing that
when the attention of flsliermen was directed especially in this line

many deformed fish would be found.
The confusion resulting from the many marking experiments

carried on b}' different people shows the absolute necessity of some
central authority regulating them if an}' real results are to be achieved
from this line of endeavor. In 190S the Secretary of Commerce, under
authority of sections 11 and 12 of the Alaska fisheries law, directed

that any persons desiring to mark and release salmon in Alaska first

consult with and secure the written consent of the Commissioner of

Fisheries or of the agent at the salmon fisheries of Alaska. It would
be an excellent thing if some such control could also be exercised
over these operations in the coastal States.

During the year 191G Dr. Charles H. Gilbert, of Stanford Univer-
sity, assisted by Willis H. Rich, conducted salmon-marking experi-

ments on an extensive scale. Late in the fall of 1915 a consignment
of 100,000 eggs of the red salmon was forwarded to Seattle, Wash.,
from the station of the Bureau of Fisheries at Yes Bay, Alaska, of

which 50,000 were rcshipped to the Anderson Lake hatchery of the
British Columbia Fisheries ])epartment, located on the ocean side of

Vancouver Island. The remaining 50,000 were sent to the Bureau
of Fisheries hatchery at Quinault Lake, near the coast of Washington.
The intention was as soon as the fry, hatched from these eggs, had
developed into fingerlings to mark each lot with a distinctive marking
and plant them in waters near the hatcheries, with the object of

proving that the adult fish would return to the stream in which they
had passed their early existence, no matter where the eggs were taken.

This plan could not be carried out at Anderson Lake, as the young
fish resulting from the eggs, which were sent there, were not strong
enough to survive the experiment. They were therefore liberated

without marking. Those hatched at Quinault Lake were marked,
however, and liberated in the summer of 1916. Dr. Gilbert has
strong hopes that upon the return of the marked fish important
data relating to the life history of the species will be obtained.

During February, March, and April, 1916, some 50,000 yearling
sockeyes, which had been reared at the Bonneville hatchery of the

Oregon Fish and Game Commission from eggs obtained from the Yes
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Bay (Alaska) hatchery of the United States Bureau of Fisheries, were
marked by the removal of the adipose and both ventral fins, and the
fish then liberated in Tanner Creek, a tributary of the Columbia. The
fish were in an apparently healthy condition when liberated. In
order to make sure that they suffered no ill effects from the marking
a few were held until the wounds had healed perfectly, and these
were not affected adversely.

During the summer of 1918 a nimiber of marked fish were reported
to have returned and been caught.
During the same period close watch was kept on the Quinault

River for the return of marked sockeyes from that marking experi-
ment but none were observed so far as known.

OCEAN HOME OF THE SALMON.

All sorts of conjectures have been hazarded as to the ocean home of

the salmon after the young fish have gone to sea and disappeared ap-
parently from the ken of man. Many have conjured up visions of the
vast schools of adult salmon surging along the coast hundreds of miles
seeking for some suitable river m which to spawn, explaining in this

wise the variations in the seasonal runs in different sections. Others
think the fish go out into tlie greater depths of the ocean and there
hide from man until the spawning instinct leads them back to the
coast and thence to the stream in which they were born or planted.

Discoveries of recent years have quite altered this uncertainty, and
we now are reasonably certain that the vast majority of the salmon
are comparatively near our coast line, while others stay in the bays,
straits, and sounds virtually all the time when not in the rivers.

Some years ago it was first noticed that king salmon would take the
hook while in salt and brackish waters. At first only the anglers were
interested in this fact, but as the demand for king salmon for mild
curing became more insistent the commercial fishermen, attracted by
the high prices paid, began to devote some attention to the fish dur-
ing the early spring months, and soon trolling became a recognized
branch of the industry. It was first taken up on a considerable scale

in southeast Alaska in 1905.** As the demand for the fish increased,

the fishermen extended operations until almost all of southeast Alaska
waters were being fished. The length of the fishing season was also

increased until now only the severe weather of winter prevents them
from fishing. However, the halibut trawls occasionally come up dur-
ing the season with king salmon on them, showing that they are still

on the ground.
The above is also true to a certain extent of the waters of British

Columbia and Puget Sound and to a lesser extent, so far as has been
disclosed, of Monterey Bay and the Oregon coast.

It has been knoAvn for some years that the silver, or coho, salmon
would also take the hook under practically the same conditions as the

king salmon, and the only reason this species has not been fished for

to the same extent as the king has been because it was not large

enough to be attractive to the mild curers, and hence there was a

much lesser demand for it.

oReport on the Fisheries of Alaska. By John N. Cobb. Bureau of Fisheries Document No. 618, pp.
19-21. Washington, 1907.
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It had been supposed tliat tlie otlier species did not feed when in

coastal waters, but Marsh and ("obb " state quite dilTerently:

Other .species of salmon, in addition to the king, are found to take the trollin? hook.
For several week-sin .July troller? in [^nion Kay, in southea.=it .\la.''ka, caught a number
of cohoa and humpbacks while troilint; for kings. The humpbacks were caught
mainly with a spoon, no Vtait being used. Most of them appeared to have been feeding
on needlelish and herring, according to the cutter who dressed them. A few red
salmon are reported to have been caught on the trolling line by fishermen operating
for king salmon in the neighborhood of Mary Island, near Dixon Entrance. Several
fishermen report ha\'ing in previous years frecjuently taken dog salmon on a hook in

the bays along Chatham Strait.

In 1900, Mr. J. R. lleckman, of Ketchikan, Alaska, a well-known
cannery man. told the uTiter that, while he was trying to install a
floating trap near Cape Chacon, at the lower end of Prince of AVales
Island, soutlieast Alaska, he on several occasions observed red salmon
feeding (m what he called a red shrimp.

This was also observed in 1912, when Dr. Gilbert reported, in con-
nection with his observations of salmon fishing on Swiftsure Bank. oT
the Straits of San Juan de Fuca, that "during the past summer it

was observ^ed by Mr. J. P. Babcock and the WTiter that the sockeye on
the Bank were feeding extensively on a small shrimp-like crustacean
{Thysanorssa spinifera, Holmes), which floats in incredible numbers
on the tides and forms a favorite food for the other species as well as
for the sockeye." ^ He also found all the other species feeding vora-
ciously in this neighborhood.
The experience of the fishermen operating in and off Port Moller,

in Bering Sea, also affords confirmatory evidence along this line. A
canner}^ was established on Port Moller in 1913, the avowed purpose
of the owmers being to catch what they claimed would be the enor-
mous schools whicli annually resort to the great rivers of Bristol Bay,
some 210 miles to the eastward from Port Moller. This cannery made
a fairly large pack for a season or two, using purse seines in Bering
Sea and traps along the shore. Misled by this, tliree other canneries
were built in 1916 and 1917. In a season or two the catches of the
combined plants had dropped to much less than the catch of the one
carmery when operating alone, thus showing that the fishermen were
operating on a run which was local to that neighborhood. This is

borne out by the fact that the Bristol Bay runs showed no appreciable
diminuti(m when the catch was lowest at Port Moller. The pack of
the Port Moller canneries follows.

Pack of the Port Moller Canneries.

Year.
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These observations would tend to confirm the beUef which has been
steadily growing in favor for some years that the salmon either spend
the greater part of their life in the bays, straits, and sounds, or else in

regions adjacent to the coast line.

The reason they had not been found in this region earlier is doubt-
less due to the fact that during the fall, winter, and spring months the

weather on the north Pacific coast is such that fishing operations can
not be carried on along the open coast, while in summer the fishermen

are all busy on the spawTiing runs and have no time to devote to fish

not yet arrived at maturity, which are probably feeding along the

coast as usual.

FISHING GROUNDS AND HISTORY OF THE FISHERIES.^

WASHINGTON.

Puget Sound.—Strictly speaking, the name Puget Sound should be
restricted to that long, narrow arm extending south from the Strait

of Juan de Fuca, but a practice has developed, and is now common
among fishermen and others, of designating all the great water area

in the State of Washington comprising Puget Sound proper, Strait

of Juan de Fuca, Canal de Haro, Kosario Strait, the Gulf of Georgia,

and the smaller straits, ba3^s, and sounds, as Puget Sound, and this

practice, for the sake of convenience, has been followed in this report.

This great indentation in the coast, with its numerous islands and
many fine harbors, has greatly aided the development of this portion

of Washington and has been specially favorable to the prosecution

of the salmon and other fisheries. Numerous rivers and creeks enter

the Sound, the more important of these being on the eastern shore

and comprising the Nooksack, Skagit, Stillaguamish, Snohomish,
Duwamish, Puyallup, and Nisqually. On the southern and western
shores the tributary streams are nearly all small, the more important
being the Skokomish, Quilcene, Dungeness, and Elwha.
As on other bodies of water on the Pacific coast frequented by

salmon, the Indians were fishing for them when the first whites

visited the country. The natives at this time, and for many years

after, used reef nets and hooks and lines in the salt water, and spears,

dip nets, and weirs in the rivers. Traders first reached the head-
waters of the Fraser River and gradually worked down the same
until they reached the sea.

For many years this region was comparatively isolated from the

rest of the world, and the completion of transcontinental railroads

has not completely changed this, owing to its distance from large

consuming centers. As a result of this isolation, it was necessary

for many years to resort to methods of preparation which would
insure the preservation of the product for indefinite periods. Salting

naturally came first, followed by canning, while the shipping of

fresh salmon has been steadily growing in importance as transporta-

tion facilities increased.

The Northwest Co., a large fur-trading organization, about the

beginning of last century first introduced the salting process and

o For some of the regions the historical data are fragmentary and can not be considered as other than
historical notes. It is hoped that some one will write a history of the industry before all of the pioneers

have passed away.
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this WHS continued ])y the Hudson Bay Co. Both companies carried

on the husiness priniaiily for tlie purpose of provithng a winter stock

for the use of tlieir employees and tor local sale. As shipping de-
on the husiness primarily for the purpose of providing a winter stock

for the use of tlieir employees and for local sale. As shipping de-

veloped on the Pacific, a considerable export trade in salted salmon
was developed with the Hawaiian Islands, Australia, China, and
Japan, and with the eastern United States. Quinnat, or spring,

and sockeye salmon were the principal sjiecies employed in the

earlier years.

After the boundary line between Canada and the United States

had been established in 184{), and what is now the State of Wash-
ington was acknowledged as part of the latter, a number of small

traders and fish packers succeeded the Hudson Bay Co. In the early

sixties several men were engaged in the business at Point Roberts,

according to the Olympia Columbian of September 10, 1853. In 1873,

V. T. Tull, of Olympia, established a salmon fishery at Mukilteo,

principally for putting up fish in barrels. The first year 500 narreis

were packed at Mukilteo, after which the lisnery was moved tem-

porarily to Seattle to take the late run up the Duwamish River,

which is usually large. Fifteen hundred good large salmon have
been taken at oiie haul of the seine in the Puyallup.

Bancroft's "History of Washington, Idaho, and Montana" con-

tains among others the following references" to the early fishermen of

the Sound:

In 1874 Corbette & Macleav, of Portland, founded a fishery at Tacoma. Sixty

barrels were packed in five days, only three men beinp; employed.- New Tacoma
Tribune, November 14, 1874. In 187(3," John Brygp;ot, a Norwcfiian, founded another

fishery at Salmon Bay, (i miles north of Olympia. In 1878 a company of Pupet
Sound men established a fotnth at Clallam Bay. They put up the first season (iOO

casks of salmon and 700 of halibut.—Morse's Wash. Terr., MS., xviii, 17-18. In the

following season I). I). Hume established a fishery near Steilacoom for the pur])ose of

salting salmon. In 1880 H. Levy, of Seattle, went to London %vith 100 barrels to

introduce Puget Sound salted salmon to that market. In 1882 a salmon j)acking

establishment was opened at Old Tacoma by Williams. Salmon ran m great

numbers this year. One boat brought in a thousand fish.

The extension of the railroad to Puget Sound, thus furnishing an
outlet to the rapidly growing population in the Middle West, did

much to aid the industry. This also gave opportunity to begin the

shipping of fresh halibut and salmon to eastern points. ^Unsworth
& Dunn, of Seattle, operating later under the name of the Seattle

Fish Co., were the first successful pioneers in this branch of the

industry, beginning about 1889, and carrying it on until they sold

out in 1901, as noted later.

In 1903 the San Juan Fishing & Packing Co., which had begun the

fresh-fish business in 1899. boufl^ht this business from the Pacific

Packing & Navigation Co., to which it had been sold in 1901

In 1893 A. E. Wadhams, who had operated on the Columbia River
for some years, established a sockeye plant at Point Roberts.

In 1894 both canneries were sold to their present owner, the Alaska
Packers Association, an organization formed not long before this by
a combination of a number of Alaska plants.

About 1894 A. E. Devlin came up from the Columbia River and
established a plant at Friday Harbor, which is now operated by the

Friday Harbor Packing Co.

a History of the Tacific States, W ashington, Idaho, and Montana, 1845-1889, vol. 26, pp. 345-349. By
Hubert Howe Bancrolt.
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In 1895 three new canneries were built at Anacortes—one by Philip

S. Cook Gater owned by the Porter Fish Co. and now by the Anacortes
Fisheries Co.) , one by the Anacortes Packing Co. (now owned by the

Alaska Packers Association), and the other by the Fidalgo Island

Canning Co. In the same year a cannery was built at Port Angeles

by the National Packing Co. In 1902 this plant was sold to the

Manhattan Packing Co., which company was absorbed by the
Gorman interests in 1906.

In 1896 J. R. Young and B. L. Williams built a small cannery at

Blaine. They failed in 1900 through the failure of their trap fisheries

and J. W. & V. Cook Packing Co., of Portland, bought their plant

and put J. L. vSmiley in charge of it. In 1909 Mr. Smiley purchased
this plant from the company and operated it until 19i6, when he
disposed of it to Lee Wakefield and E. Schoenwald, who sold it the

following year to the Wilson Fisheries Co.

As Ainsworth & Dunn found that they were receiving more salmon
than they could dispose of in a fresh condition (they were first, in

1889, to ship fresh salmon from here to eastern points), the firm

built a cannery on the Seattle water front, at what is now Pier 8,

about 1895 or 1896, and about 1897 built another at Blaine.

In 1900 the Blaine Packing Co. built a cannery at Blaine and
operated it nearly every season until 1916, when it was sold to the

Blaine Cannery Co.

In 1901 Ainsworth & Dunn sold all its fresh fish and canned salmon
holdings to the newly organized Pacific Packing & Navigation Co.

When the latter company failed and its assets were sold in 1904, the

firm bought back its former Blaine plant and has operated it ever
since. Mr. Ainsworth, the senior member of the firm, died in 1914,

but the business is still operated under the name of Ainsworth &
Dunn.
The Pacific American Fisheries Co. was incorporated in 1899. The

company purchased at the time of its organization the cannery and
trap properties of the Island Packing Co., San Juan Island, and the

cannery of the Franco-American North Pacific Packing Co., at Fair-

haven. The last-named cannery had been built the previous year.

By 1900 a number of canneries had been erected on the shores of

Puget Sound, most of which were then in active operation. In 1901

the Pacific Packing & Navigation Co. was organized under the laws
of the State of New Jersey, for the purpose of acquiring a number of

salmon canneries on the coast. It was supposed to be backed by
unlimited eastern capital, and its authorized capitalization was as

follows: Common stock, $12,500,000; 7 per cent accumulative pre-

ferred stock, $12,500,000; and 6 per cent debentures, $7,000,000. It

actually issued $6,037,000 conunon stock, $6,963,000 preferred stock,

and $3,000,000 debentures. Subsequently the management effected

an exchange of preferred stock for debentures, increasing the for-

mer to about $7,500,000 and decreasing the debentures to about
$1,650,000.
The new company purchased a number of canneries in Alaska, also

the following Puget Sound plants: Pacific American Fisheries Co.'s

canneries at Fairhaven (now Bellingham) and Friday Harbor, the

Ainsworth & Dunn canneries at Blaine and Seattle, and the Fair-

haven Packing Co. cannery at Fairhaven.
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Tlic company had a very short career, endiiifr up in the bank-
ruptcy courts in 1903, and when all its afTairs were wound up the
stockholders received nothine;, while the })ondholders got hut an
cxceedino:ly paltry sum out of all the money })ut into it.

Most of the canneries secured on Puget Sound were repurchased by
their former owners or by new people.

The Apex Fish Co. was incorporated in 1004 and built a cannery
at Anacortes which has been oj)erated coTitinuously since.

B. A. Seaborg, a well-known (\)lumhia River packer, early in the
century established a cannery in South Bollingham and operated it

under the name of the Washington Packing Co. In 1905 it was pur-
chased by R. A. Welsh, then of Vancouver, British Columbia, and
Loggie Bros., of Bellingham, and has been operated since under the
name of the Bellingham Canning Co.

The Hillside Canning Co.'s plant was built and operated for the
first time at Port Townsend in 1905 by Andrew Weber, H. EUerbeck,
William McKee, and E. C. Seeley.

In 1906 T. J. Gorman, since deceased, purchased the cannery of the
Rosario Straits Packing Co. at Anacortes.

In 1906 E. A. Sims leased the cannery at Port Townsend which
had been built some years earlier by Mr. Cook and operated under the
name of the Port Townsend Packing Co.
A one-line cannery was erected in the spring of 1906 by the

Wadham-Curtis Canning Co. at Blaine, but it burned down the
same vear.

In 1897 the Chlopeck Fish Co. (now the Booth Fisheries Co.),
which had been operating in Portland for several years, started a
fresh fish and freezing })usiness at Seattle.

The first salmon cannery on Puget Sound was erected by Jackson,
Myers & Co., in 1877, at Mukilteo, in Snohomish County. The mem-
bers of this firm had all been engaged previously in salmon canning
on the Columbia River. The first pack was of 5,000 cases, composed
wholly of silver, or coho, salmon. Later at this plant were put uj)

the first humpbacks ever canned. In order to divert the minds of

purchasers from the fact that the meat of the humpback was much
lighter in color than the grades then known to the consuming pui)lic,

the company printed on its label the legend, "Warranted not to turn
red in the can." Even with this shrewd sizing up of the weak side
of the consuming public the demand for humpback:, or pink, salmon
developed very slowly, and it was some years before it became a
factor in the markets.
Within a year or two after the opening of the above plant another

was started at Mukilteo by a man named Bigelow.
In 1880 the Myers's cannery was destroyed by a heavy fall of snow.

It was rebuilt in West Seattle and was operated till 1888, when it

was destroyed by fire. George T. Myers, now sole owner, built a new
cannery at Milton, which was burned two years later, and lie then
came back to Seattle and built a cannery about where Ainsworth Sc

Dunn's dock now stands. He remained here only one season, after
which he moved to where the Pacific Coal Co.'s bunkers are now.
Late in 1901 he sold out his plant to the United Fish Co., which com-
pany moved the plant to the foot of Connecticut Avenue, where they
continued operations for two or three years and then quit.
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In 1889 a man named Morse established a cannery at Seattle and
operated it for only one year.

The first Puget Sound sockeye cannery was built at Semiahmoo,
near Blaine, by J. A. Martin and John Elwood about the year 1891.

It was bought in 1892 for $500 by D. Drysdale, who shortly after-

ward rebuilt and greatly enlarged the plant. In the same year Mr.
Drysdale demonstrated the commercial success of fish traps. Traps
had been in operation before this, however. In 1893 Ainsworth &
Dunn had a trap at Five Mile Rock, just beyond the lighthouse

at Magnolia Bluff (now a part of Seattle), and there had been a

trap or two in Elliott Bay even prior to this. Traps had not been
profitable in this section, however, owing to the cheapness and
abundance of salmon, haul seines being cheaper and more profitable

to operate. A man named H. B. Kirby, who came originally from
Nova Scotia, and another named Goodfellow (now living at Point

Roberts) put in the first trap for Mr. Drysdale.

From this time on the industry fluctuated considerably, 41 can-

neries, an increase of 10 over 1914, being operated in 1915, while 35
were operated in 1919.

During the early years of sockeye canning they were not sold to

the trade as sockeyes, but as Alaska reds and Columbia River salmon,

for which there had been an established market for some years.

H. Bell-Irving & Co., of Vancouver, British Columbia, were the

Eioneers in the labeling of the fish as sockeyes, this being in 1894-95,

like all virtually new products, sockeye salmon had a hard fight

for several years to secure a foothold in the salmon markets, and
it was not until the vSpanish-American War in 1898 caused a heavy
demand for canned foods that its position became finally established.

Soleduck River.—This is a small stream, about 30 miles in length,

which flow^s through the southwestern part of Clallam County and
empties directly into the ocean. The Quillayute Indian Reservation
is located here and the natives formerly caught salmon and marketed
them on Puget Sound, but a small cannery, started at Mora, on this

river, in 1912, furnished a market for the catch up to the end of 1915,

when it was abandoned.
Holi River.—This is a comparatively small river, which is wholly

within Jefferson County, and debouches into the ocean in the north-

western part of the county. It passes through the Hoh Indian
Reservation in its lower reaches. A cannery was built here in 1917
by Fletcher Bros., and has been operated each season since. In

the spring of 1919 it was moved to a more convenient location about
a mile from the original site.

Queets River.—This river, which is about 35 miles long, rises in the
northern part of Jefferson County and empties directly into the ocean
in the northwestern part of Grays Harbor County, within the bounds
of the Quinault Indian Reservation. A small salmon cannery was
built at Queets, in Jeft'erson County, in 1905, and has been operated
every season since.

Quinault River.—This river, which enters the ocean in the north-
western part of Grays Harbor County, has a length from the ocean
to Quinault Lake of about 40 miles, wholly within the boundaries
of the Quinault Indian Reservation.

This stream is especially noted for its long-continued annual run
of Quinault salmon {0. nerJca). These fish, which are noted for
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their especially red-colorod flesh, make their appearanre early in

December, when tlie Indians t:;encrally catcli tlicni for tlicii- own use,

as they fear that, if tlie whites o^ot hold of the lisli, they niijjjht throw
away the hearts. Should a heart be eaten at this time l)y a dog or
chicKen, the Indians believe the run would not come. In January,
when the fish begin to be abundant, all danger of this seems to have
passed, for the Indians then usually have a considerable number for

sale, and these are generally shipped to distant markets in a fresh

condition by the buyers. As soon as the canneries open at Moclips
most of the fish are disposed of at that |)lace. The run continues up
to July 1. May and June are the best fishing months.
There is a fall run of chinooks in this river, which usually arrives

in August and ends about October 15.

The silver salmon appear about October 1 and the run is ginicrally

over by November 15; tlie dog salmon appear a})out November 1

and the run is usually over by the middle of the same month, w4iile

the steelhcad trout run between November 20 and May 1. None of

the latter are canned.
Moclips, the terminus of the railroad, is about 10 miles from the

river, and the fish are all taken by team to this place. Twenty fish,

weighing approximately 100 pounds, are put in each box, and these
are piled onto the wagons until a load has been accumulated. The
team ow^ners get 50 cents a box for hauling the loaded ones to Moclips
and 5 cents a box for bringing the empty ones back.

In 1915 the records of the Indian agent show that the Indians
fishing on the north side of the river caugiit 219,654 Quinault salmon,
valued at $49,820, while those on the south side caught 135,353
of these fish, valued at $30,528.60, or a grand total of 355,007 fish,

valued at $80,348.60. This does not take into account the results
of the fishing for the other species of salmon and steelhead trout,

which c[uite materially sw^ell the total.

Fishing is restricted to the Indians, who also make their own
fishery huvs, with the advice and approval of the Office of Indian
Affairs, as the State law^s lune no force inside the bounds of the reser-
vation. Under the regulations now^ in force, a clear channel of one-
third the width must be left in the middle of the stream, which is

from 250 to 300 yards in width. Each owner of a fishing location
has to fish it in person; provided, however, that widows, orphans,
minor children, old Indians, and those w4io are sick or have orainful

occupations other than fishing, are allowed to lease their locations or
hire some one to fish them, and then only with the approval of the
officer in charge.
During the Quinault season stake nets are used, while the rest of

tiie time, as a result of the freshets, drift gill nets are used in the
eddies. The stake nets are arranged in a rather peculiar manner.
A line of stakes is run out for about one-third the width at right
angles to the shore, and to these are attached a net by short ropes.
From each stake a section of net is run out and downstream, curv-
ing inward like a hook at the end, the latter part being held in place
by three stakes.

The stake nets are 40 to 60 meshes deep, with 5|-inch stretch mesh,
and are set 85 yards apart. A set of these as described above forms
one fishing location.
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The Chinook gill nets are usually 8| to 9 inches stretch mesh and
24 meshes deep, while the gill nets for silvers, dogs, and steelheads

are of 7-inch stretch mesh and 35 meshes deep.

For some years the salmon from the Quinault River were brought
to Hoquiam and Aberdeen for canning. In 1911 W. W. Kurtz, of

the former place, began the erection oi a cannery at Moclips for the
purpose of packing these fish, and the same season his example was
followed by Frank Shafer. Mr. Kurtz still operates his plant, but
the other is now owned by the Pacific Fisheries & Packing Co.

Grays Harbor.—This is the first important indentation on the coast

of Washington south of Cape Flattery. It is about 40 miles long
from east to west and about 20 miles wide in the widest part. The
principal tributary is the Chehalis River, but there are a number of

small streams which debouch into the harbor.

In 1883 B. A. Seaborg, who operated a cannery on the Columbia
River, established a plant at what was later to be the thriving city

of Aberdeen, although at that time it was practically a wilderness.

In 1902 the North American Fisheries Co. built a plant at Aber-
deen. Shortly after it came into the possession of the Grays Harbor
Packing Co., and on June 8, 1903, it was destroyed by fire. It was
rebuilt and operated by this company until 1906, when it was sold

to S. Elmore & Co., who still own it.

The Hoquiam Packing Co. built a cannery at Hoquiam in 1904
and have operated it ever since.

In 1910 two canneries were in operation at Aberdeen and Hoquiam,
respectively; in 1915 there were three at the former place and
one at the latter, while in 1919 there were six in operation.

Willajya Harhor.—The entrance to this harbor, which also includes

Shoalwater Bay, is about 27 miles south of Grays Harbor The har-

bor runs east and west and is about 25 miles long. Shoalwater Bay
extends south from it a distance of about 30 miles, its southern por-

tion ending about a mile from the Columbia River and its west-

ern side l)eing separated from the ocean by a spit varying in width
from three-fourths to 1 mile. The bay is shallow, excepting in the

nuiin channel. The principal salmon streams entering the harbor
are the Nasel and North Rivers, in which most of the pound or tra])

nets are located.

In 1884 B. A. Seaborg, a Columbia River canner, established a plant

on Shoalwater Bay, as the whole of Willapa Harbor was then known.
About 1900 F. C. Barnes established a cannery at vSunshine, en the

Nasel River, but the run of salmon on this river soon became so small

that the plant was abandoned and the machinery moved to Mr.
Barnes's cannery at South Bend.

In 1904 P. J. McGowan, the Columbia River canner, opened a

cannery on the North River. Mr. McGowan, who was over 80 years

of age at the time, had turned the control of his important Columbia
River canning interest over to his sons, but finding idleness not to

his likmg, started this cannery in order to have something to occupy
his time. He operated it for several years and then abandoned the
project.

In 1912 the Chetlo Harbor Packing Co. established a cannery at

Chetlo Harbor, but operated it only that year and m 1914
In 1919 only two canneries, both of them at South Bend, operated

on Willapa Harbor.
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COLUMBIA RIVER.

Tlio Coluinhia, which is llic hir<2;est river of tlie Pacific coast, rises

in British Cokimbia, flows throu<i;h Washington, reaching the north-
ern l)order of Oregon about 75 miles west of ' tlie State's eastern
boundary; from this ])oint the river forms the divicUng Hne between
Oregon and Washington, its general course being westerly. It

empties into the Pacific at Cape Disap])ointment. Its principal

tributaries are the Spokane, YaKima, Snake, John Day, Deschutes,
and Willamette Rivers, and through these the main river drains an
enormous ext(>nt of territory.

Tliis river, which has produced more salmon than any other river

in the wt)rld, has had a most interesting history. Many 3^ears before
the white man saw its waters the Indians visited its banks during
the annual salmon runs and caught and cured their winter's su])ply

of food. Along the shores of the river at The Dalles for 15 miles
were notable fisheries where various bands, who lived south and
north, had their respective fishing locations, and to which all others
were forbidden access. They used spears and dip nets in catching
the salmon, the majority of which were dried and smoked for winter
use. This dip, or basket, net was fastened to a pole about 30 feet

long and slid on a hoop. The Indian filled it by slinging it as far as

possible up the stream and then hauling it up, the weight of the
fish closing the net by drawing it on the hoop.
A favorite preparation of the Indians who resorted to the river

was pemmican. This was the meat of the salmon cleaned of the
bones, pounded i.p fine, and then packed in hempen sacks of home
manufacture. A sack of pemmican weighed from 80 to 90 pounds
and was worth in barter as much as an ordinary horse.

Capt. Wilkes, U. S. N., has the following to say with respect to
salmon fishing by natives at Kettle Falls on the Columbia River near
the present city of Colville, W^ash., at the time of his visit there in

1841:

There is an Indian village on the banks of the j^reat falls, inhabited by a few families,

who are called "Quiarlpi" (basket people), from the circumstance of their usintj

baskets to catch their lish (salmon). The season for the salmon hshery had not yet
(in June ?) arrived, so that our gentlemen did not see the manner of taking the tish;

but, as described to them, the lishing ap})aratus consists of a large wicker basket
supported by long poles inserte.l into it and fixed in the rocks. The lower i)art, which
is of the basket form, is joined to a broad frame spreading above, against which the
fish in attempting to jump the falls strike and are thrown back into the basket.
This basket during the fishing season is raised three times in the day (24 hours), and
at each haul nc! unfrequently contains 300 fine fish. A division of these takes place
at sunset each day under the direction of one of the chief men of the village, and to each
family is allotted the number it may be entitled to; not only the resident Indians,
but all who may be there fishing, or by accident, are equally included in the dis-

tribution."

The fii'st American to engage in fishing on the Columbia River was
Capt. Nathaniel J. Wyeth, of Massachusetts, who in 1832 crossed
overland to Oregon with the purpose of establishing salmon fisheries

in connection with prosecuting the Indian and fur trade. He dis-

gatched a vessel via Cape Horn to the Columbia with trading goods,
ut she was never heard from after sailing. In the meantime Wyeth

o Narrative of the United States Exploring Expedition during the Years 1838, 1839, 184(i, 1S41, and
1842. Bv Charles Wilkes, U. S. Navy, commander of the expedition. In 5 volumes. Vol. IV, pp. 444,
445. Philadelphia, Lee & Blanchard, 1S45.
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had established a station at Fort Hall, on the Lewis River, a branch
of the Columbia.

In 1833 Capt. Wyeth returned overland to Boston, while the rest of

his party dispersed throughout the Columbia Valley. Far from dis-

heartened by the disaster to his vessel, Capt. Wyeth dispatched the
brig May Dacre, Capt. Lambert, laden with trading goods and sup-
plies, to the Columbia River via Cape Horn, while he crossed overland
with 200 men. He established a salmon fishery and fort at the lower
end of Wappatoo (now Sauvies) Island, at the mouth of the Wil-
lamette River.
The salmon fishery did not prove successful and the brig sailed in

1835 with only a half cargo of fish and did not come back. The same
year Capt. Wyeth broke up both the establishment here and on the
Lewis River and, disheartened, returned to Massachusetts, having
found the competition of the Hudson Bay Co. too powerful for him.

In August, 1840, Capt. John H. Couch, in command of the brig
Maryland, which belonged to Cushing & Co., of Newburyport, Mass.,
arrived in the Columbia River. After taking a few salmon the vessel

left in the autumn never to return. On April 2, 1842, Capt. Couch
reappeared in the river w ith a new vessel, the Chenamus, named after

the chief of the Chinooks. With his cargo of goods he established
himself at the present site of Oregon City, the first American trading
house to be established in the Willamette Valley. He also estab-
lished a small fisher}^ on the Columbia River. The vessel returned
to New^buryport in the autumn.
The next American vessel to come in established a far from enviable

record. There is no record of her name, but she w^as commanded by
a man named Chapman and entered the river April 10, 1842. She
came for the purpose of trading and fishing and remained till autumn.
During her presence in the river it is charged she sold liquor to the
Clatsop and other savages, as a result of which much bloodshed and
discord resulted.

About 1857 John West began salting salmon in barrels at Westport,
on the lower Columbia.

In February, 1859, the Washington Legislature passed an act pro-
hibiting nonresidents from taking fish on the beach of the Columbia
between Point Ellis and Cape Hancock.

Bancroft " states:

On the 26th of January, 1861, J. T. Lovelace and W. H. Dillon were granted the
exclusive right to fish in the Columbia for a distance of 1 mile along its banks and
extending from low-water mark half a mile toward the middle of the stream.

In 1861, H. N. Rice and Jotham Reed began packing salted salmon
in barrels at Oak Point, 60 miles below Portland. The first season's
pack amounted to 600 barrels. The venture proved fairly profitable
and was soon participated in by others.

In the spring of 1866 William Hume, who had assisted in starting
the first salmon cannery in the United States on the Sacramento
River in 1864, finding the run of fish in the latter stream rather dis-

appointing, started a cannery for Hapgood, Hume & Co. on the
Columbia at Eagle Cliff, Wash., about 40 miles above Astoria.

a History of the Pacific Stales, Washington, Idaho, and Montana, 1845-1889, vol. 26, p. 349. By Hubert
Howe Bancroft.
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The y(Mir this first cannery operated the following fishermen were
operating in the river: Jotham Keed used a trap antl a small gill

net opposite Oak Point; Mr. Wallace fished a small seine from the

shore of an island of that name a short distance below; John T. M.
Harrington (who was later to establish the Pillar Kock cannery), in

conjunction with a man named Fitzpatrick, operated a seine at

Tenasillihe, as did also a Mr. Welch; P. J. McGowan, who, with his

sons, in 1884 started a cannery at McGowan, and later, at Warrendale,
Ilwaco, etc., operated two small seines at Chinook Beach; and Hap-
good, Hume & Co. had two small gill nets about 125 fathoms in length
and 32 meshes deep. The gill net of Mr. lieed was much smaller than
these. At this period the river literally swarmed with salmon, and
the cannerv had no trouble in packing 4,000 cases, which it increased

to 18,000 the next year and to 28,000 cases in 1868.

In 1867 a crude cannery on a scow was started by S. W. Aldrich,

a ship carpenter. The scow was about 50 by 20 feet, with a cal)in

on it, and in one end of this he constructed a bri(;k furnace in which
he set a large cast-iron cauldron for a cooker. Along one side he
rigged a bench and manufactured the cans. Aldrich was a regular

jac-k-of- all-trades, as he did everything from catching the fish to

canning and cooking them ready for the market.
In 1868 a cannery was built near Eagle Cliff by one of the Humes,

while in 1873 R. D. Hume built another at Bay View, Wasli. He
operated it until 1876, when Mr. Leveridge, of Leveridge, Wadhams
& Co., of San Francisco, bought it and operated it during 1877 and
1878. George W. Hume took it then and a few years later sold it

to David Morgan, jr., who got into financial difficulties, and tlie

plant was ordered sold by the court. C. W. Fulton, of Astoria,

later a United States vSenator, had the matter in charge, but was
unable to find a customer, and finally in desperation offered it to

W. H. Barker, of George & Barker, "for S600. Mr. Fulton closed
with him the same day. It proved a most profitable transaction for

the purchasers, who acquired a million and a half labels which could
be utilized, the macliinery was taken out for other plants, the timber
on the land belonging to the tract sold, and the floating property
sold for a considerable sum, after which the stripped plant and land
were sold back to Mr. Morgan for S600. the purchase price. He
sold it to George W. Hume, who wanted it to correct a title. It

was sold for taxes a couple of years later and was bought in by
B. A. Seaborg, who operated it for two years, since when it has
been idle.

George W. Hume was the first salmon canner to employ Chinese.
This was at Eagle Cliff in 1872. At this oeriod the white laborers
in the canneries were recruited from the riffraff and criminal element
of Portland. He had a Cliinese working for Mm and through this

man secured a Chinese gang from Portland. This labor proved so

satisfactory that the custom soon spread to the other canneries. It

was not found that the Chinese could do the work any better or

quicker than the white laborer, but they proved more reliable in

their work and ^ave less trouble.

Donald and Kenneth Madeay, of Portland, and William Corbitt,

of San Francisco, who were in business in Portland, were the first

to make a direct shipment of canned salmon to Liverpool. This
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was in 1871, and the shipment abroad that year amounted to 30,000
cases.

Of the 35 canneries on the Cokmibia River in 1881, it is said that
about one-half liad been established by the Hume brothers. G. W.
and William Hume were partners in the firm of Hapgood, Hume &
Co., on the Sacramento River, and established the first cannery on
the Columbia. In 1881 William was the proprietor of two canneries,

one at Astoria, Oreg., and one at Eagle Cliff, Wash. R. D. Hume,
a third brother, in the same year had a cannery in operation on the
Rogue River, and established three others, one at Eagle Cliff (then
owned by William Hume), one at Rainier (then belonging to Jackson
& Myers), and one at Astoria. Tiie fourth brother, Joseph, came to

the coast in 1871 and some time later established a cannery on the
river.

One of the pioneer canners on the river was the late F. M. Warren,
operating as the Warren Packing Co., who established a cannery at
Cathlamet, W^asli., in 1869. The same company is still operating
the plant. Later another cannery was established at Warrendale,
Oreg., and it also is still operated by this company. Mr. Warren was
the inventor of a retort, patented on April 10, 1877, which was in use
by the principal canneries on the coast for a number of years.

John West was another pioneer. He built a cannery at Hungry
Harbor, Wash., about 1869. In 1881 he moved his plant to West-
port, on the Oregon side of the river. Mr. West was the inventor
of a packing machine for placing the fish in the cans.

In 1871 the firm of Megler & Jewett established a cannery on the
present site of Brookfield, Wash., and named it in honor of Mrs. Meg-
ler's birthplace. North Brookfield, Mass. In 1876 the plant was
greatly enlarged and J. S. Megler bought out his partners and took
in Mr. Macleay, of Corbitt-Macleay, wholesale grocers, of Portland
and San Francisco, and changed the firm name to J. S. Megler & Co.,

under which title it still operates. In 1879 Mr. Megler bought out
this partner and owned the plant until his death in 1915, since when
it has been operated by his widow.
The fij'st soldering machine used on the Columbia River was in

this plant, while the steam box and lacquering machines were first

put in use on the river in this plant.

In 1874 the Adair brothers, S. D. and John, jr., erected a cannery
at Astoria, the second one to be built there. Before packing began,
A. Booth, the well-known Chicago fish dealer, and progenitor of the
present Booth Fisheries Co., acquired a half interest in the plant,

which was then named A. Booth & Co. John Adair, jr., was the
manager. The brothers established canneries on the Fraser River
and in some seasons exchanged places in operating on the two rivers.

S. D. Adair sold out his cannery on the Fraser and bought one on
the Colur ' ia and operated it mider the firm name of S. D. Adair
& Co. After selling out his interest in A. Booth & Co., S. D. Adair
formed a partnership with Wm. B. Adair under the style of S. D.
Adair & Co. in 1881. The brothers were active in the industry for

a number of years.

J. O. Hanthorn, under the firm name of J. O. Hanthorn & Co.,

established one of the largest canneries on the river at Astoria in

1876. He invented a rotary can washer for washing cans after they
were filled ready for soldering and before the tops were put on.
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In the same year Marshall J. Kinney hegan his long and iiU crest in<^

oaroer in the canning hiisinoss hy ostahlisliing a cannery at Astoria.

One of the most noted men the Columbia River produced was
Mathias Jensen, a Dane, wlio fished there for some years. Tie

achieved especial fame from his important inventions in caiming
machinery. His first iuA-ention, however, was a macliine for fiUing

needles for knitting salmon nets. He next invented a can-fiUing

machine, which is in common use to-day. He also invented the
first topping machine, which was a marked success. The patent
rights of both these machines were sold to the Alaska Packers
Association. The machines were all made at the plant of the Astoria
Iron Works, at Astoria, of which Mr. John Fox was the founder.
The first fish trap or pound on the river was constructed by Mr.

Graham, in Baker Bay, on the Washington shore, in 1879. In 18S1
Mr. P. eT. McGowan built some traps just below the bay. The traps
were very successful at times.

The first purse seine on the river was operated by William Graham
& Co. in 1906.

Below appears a list of the canneries operated on the Columbia
River in 1881, together with the pack of each during the year in

question:

J. Williams (Orogon side) 9. 000
Astoria Packing Co 30. 000
Elmore Tackins: Co 7. 890
A8tx)ria Fishery (M. J. Kinney)

-

26,000
Wm. Hume. .

.' '.
.

.

20, 000
Geo. W. Uume IS, 000
Deylin & Co 20, 000
Occident Packing Co 15, 000
^^"est Coast ^ 15, 000
Badollet & Co 25, 000
Booth & Co 23, 000
Eagle Cannery 17, 300
Timmins & Co 8, 000
Fishermen's Packing Co 19, 000
S. D. Adair & Co 10, 000
Anglo-American Packing Co. . .

.

10, 300
Hanthorn & Co 19, 000
Scandinayian Co 20, 000
J. W. & V. Cook 30, 000

An interesting compilation prepared by the Portland Board of
Trade ** shows the total product in cases, the price per case of 48
pounds, and the price for each fish paid by the canneries to the
fishermen from 1866 to 1881:

F. M. Warren 12,000
J. West 12,000
Jackson & Myers (2 canneries') . . 13, 000
Aberdeen Packing Co. (Wash-
ington Territory side) 17, 000

Jos. Hume, Knappton 20, 225
Pillar Rock Co 15, 000
J. G. Megler & Co 25, 000
Columbia Canning Co 8, 000
KD. Hume&Co 8,300
Cathlamet Cannery 8, 000
Jas. Quinn 5, 000
Cutting & Co 20, 000
Eureka Packing Co 20, 000
Hapgood & Co. 13, 000
Eagle Cliff Cannery 10, 000

Total 549,115

Year.
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The banner year in the canning industry was 1884, when 620,000
cases of chinook salmon were marketed. At this time the runs were
so enormous that tons and tons of salmon were thrown overboard
by the fishermen because the canneries were unable to handle them.
As in other sections, there came a time when the market began to

be glutted by the packs of the numerous canneries, and it was found
necessary to combine some of the plants in order to operate more
cheaply and also to reduce the output.

In 1885 W. H. Barker and George H. George, who had been con-
nected with various canneries, formed a partnership as George &
Barker and purchased the Astoria cannery of the Port Adams Packing
Co., then 2 years old.

Shortly before this a combination which was named the Eureka &
Epicure Packing Co. had been formed and comprised the following
plants: Knappton Packing Co., Knappton; North Shore Packing
Co., just below Knappton; and the Eureka Packing Co. This
combination got into financial difficulties, and the reorganizers per-

suaded George & Barker to join the combination and take charge.
In 1887 the Eureka & Epicure Packing Co., the plants of Samuel

Elmore, M. J. Kinney, and J. W. Seaborg, all of Astoria; J. O. Han-
thorn & Co., Astoria ; Fishermen's Packing Co., Astoria ; Scandinavian
Packing Co., Astoria; Columbia Canning Co., and J. W. & V. Cook,
Clifton, were combined under the name of the Columbia River
Packers Association. In 1889 the association built a new cannery
at Rooster Rock. Mr. George was with the association until his

death, but Mr. Barker left it to become general manager of the
British Columbia Packers Association, where he is at present, the
dean of the Pacific coast cannerymen.

Early in the eighties the California Can Co. was engaged in the
business of making cans in San Francisco. Later the Pacific Sheet
Metal Works absorbed the company. A factory was started at Asto-
ria, with Mr. F. P. Kendall in charge. The latter, who is one of the
deans of the industry, has had a long and interesting connection with
all branches of the industry and in most sections. The American
Can Co. later on bought the Pacific Sheet Metal Works, and the
Astoria plant was moved to Portland.
The American Can Co. was the first to install sanitary can-packing

machinery in the salmon industry, the venture being made in 1911,

at the Sanborn-Cutting plant in Astoria.

At the present time (1919) there are 21 canneries in operation on
the river, while large quantities of sahnon are also frozen, mild cured,

pickled, smoked, and sold fresh in the markets of the world.
Conmiercial fishing is carried on mainly between the mouth of the

Columbia and Celilo, a distance of about 200 miles, and in the Wil-
lamette River. The most of it is in the lower part of the river, within
about 40 miles of its mouth. Bakers Bay, on the Washington or

north side, and just within the river's mouth, is the favorite groiuid

for poimd-net fishing. The principal gill-net drifting ground is from
the river's mouth to about 20 miles above Astoria, but drifting is

done wherever convenient reaches are found much farther up the
river. Most of the drag seines are hauled on the sandy bars in the
river near Astoria, which are uncovered at low water. Wheels are

operated in the upper river above the junction of the Willamette
with the main river.
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Astoria is the principal center for all branches of the inckistry, hut
more especially lor cannin<r. Other places in addition to Astoria at

which canneries are located are Ilwaco, Eagle Clilf, Altoona, Brook-
field, Pillar Rock, Cathlanict, on the Washinf;;ton shore, and at

Warrendale, Rooster Hock, and Seuferts, on the Oregon shore.

OREGON.

Necanicum Creek.—This short stream is in Clatsop County and
enters the Pacific Ocean about 10 miles south of the Columbia Kiver.

Its fisheries are of small importance.
Nehalcm River.—The Nehalem is a small coastal river that rises

in the mountains of Clatsop and Columbia Counties, and flows into

the Pacific Ocean in the nortbern part of Tillamook County. As early

as 1887 there was a small cannery here, and the business has been
followed ever since. In 1911 an additional plant was built and both
have operated each year since, except in 1913, when one was shut
down.

Tillamook Bay and River.—TiWamook River is a very short stream
which enters Tillamook Bay, the latter being in Tillamook County
and about 45 miles south of the mouth of the Columbia River.

Fishing is carried on mainly in the bay. The earliest record we
have of canneries on this bay is of 1886, when two were in operation.
From 1891 to 1910 but one was operated, but in 1911 another plant
was started. In 1915 a third cannery was built, and all three oper-
ated until 1918, when only one was in operation. In 1919, two
operated.

Nestugga, River.—This stream enters the ocean in the southwestern
part of Tillamook County. A cannery operated here in 1887 and the
business has been carried on each season with but one intermission
since 1905.

Siletz River.—This river has its source in the mountains of Polk
County and enters the ocean in the northern part of Lincoln County.
The commercial development of the fisheries was hampered for many
years owing to the fact that the river was \vithin the boundaries of

what was then the Siletz Indian Reservation. The first cannery
was established here in 1896. An additional one was built in 1918.

Yaquina Bay and River.—The Yac[uina (*' crooked") River is

about 60 miles long; its general course is nearly west through the
coimty of Benton. The river is narrow throughout the greater part
of its length. A few miles from its mouth it suddenly broadens out
into an estuary from one-half to three-fourths of a mile wide, which
is commonly called Yaquina Bay. The river enters the Pacific about
100 miles south of the Columbia.
Salmon canning was begun on this river in 1887, when two small

canneries were constructed. The next year an additional plant was
erected. The business has fluctuated considerably since then and
there is now but one cannery, which has not been operated since 1911.
In 1917 this plant was consolidated with the one at Waldport.
The fishing grounds are all in the bay and the lower section of the

river. The fishermen of this section are fortunate in that they have
railroad communication with the outside world.

Alsea Bay and River.—iilsea River rises in the southwestern part
of Benton County, and flows in nearly a northwesterly direction to
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the Pacific, a distance of about 60 miles. Like the Yaqiiina, the
"bay" is merely a broadening out of the river just inside its mouth.
The first cannery was estabhshed in 1886 and by 1888 there were

three in operation. For many years but one was operated. In 1911
and each season since two canneries have been operated.
The best fishing grounds are from the mouth of the river to about

5 miles inland.

Siuslaw River.—-This river has its source in the mountains of Lane
County, and its course lies first in a northwesterly direction and to

the westward until the Pacific is reached. Through part of its

course it is the dividing line between Lane and Douglas Counties.

In 1915 a railroad line from Eugene to the mouth of the Siuslaw
River, at which point it connected with a line to the CoquiUe River,
was opened for traffic.

As early as 1878 there were two canneries operated on this river,

but from 1879 till 1888 there are no data available showing the extent
of the fisheries. In 1888 the Florence Canning Co., the Lone Star
Packing Co., and the Elmore Packing Co. each operated a cannery.
In 1896 A. W. Hurd built a cannery which was destroyed by fire in

1908. At present there are two canneries, but of recent years only
one has been operated. The opening of a railroad line from Eugene
to here, thus furnishing an outlet for fresh salmon shipments, will

doubtless greatly help in developing its fisheries.

The salmon fishing grounds extend from near the mouth of the

river to about 20 miles upstream.
Umpqua River.—With the exception of the Columbia this is the

largest and longest river in Oregon. It is formed by north and
south forks, which unite about 9 miles northwest of Roseburg, and
the river then flows northwestwardly and enters the Pacific. Prac-
tically aU of this river is within the boundaries of Douglas County,
one of the largest counties in the State. A railroad has recently been
built along this river and in time there will doubtless be a large de-
velopment of the fisheries of this region owing to the opportunities
which will be offered for shipping fresh fish.

With the exception of Rogue River, this is the only river in Oregon
south of the Columbia River in which a spring run of chinook salmon
occurs.

As early as 1878 there were two canneries located on the Umpqua,
one of which was built by George W. Hume. Tho number has never
been larger than this, and usually there has been but one operating.

In 1912 there was but one at Gardiner. In 1919 one was operated.
In 1918 the Reedsport Fish Co., of Reedsport, purchased the can-

nery of the Umpqua Cooperative Co., at Gardiner.
Coos Bay and River.—Coos Bay is a navigable semicircular inlet

of the ocean with numerous arms or branches. There is much
marshy ground in the bay, and a number of sloughs, or small creeks,

which empty into the bay from both sides. Coos River proper is an
unimportant stream, but a few miles in length. North Bend, Marsh-
field, and Empire are the principal towns on the bay. A branch
railroad is being built to these points from the main line of the South-
ern Pacific Railway, and as soon as this is completed the fishing in-

dustry will receive a great impetus. Heretofore this region has de-

pended upon steamers and sailing vessels plying to Portland and
San Francisco for its communicatiou with the outside world, and
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(.his slow and infrequent means of shipment has ven' seriously handi-

capped the fisheries.

Sahnon canning began here in 1887, when two canneries opened for

business. The business lias fluctuated considerably since, most of

the time but one cannery being operated; none was operated in 1919.

Fishing is carried on mainly in the bay. A few set nets are operated
in the river.

CoquiUe River.—^This river is formed by three branches, called the

North, Middle, and South Forks, which rise in the Umpqua Moun-
tains and unite near Myrtle Point, the head of tidewater, about 45
miles by river from the mouth of the stream. It is a deep and slug-

gish river, with no natural obstructions to hinder the free passage of

fish. Its fisheries have been seriously hampered by the lack of rail-

road communication, but this has recently been remedied, as the rail-

road to Coos Bay connects with a short line now in existence between
the Coquille River and Coos Bay, and thence on to the Siuslaw and
from there to Eugene.
The principal towns on the Coquille River are Bandon, Prosper,

Coquille, and Myrtle Point. Bandon is the shipping port.

Pickled salmon were cured and shipped from this river very early,

the first recorded instance of any considerable quantity being in 1877,

when 3,000 barrels of salmon were sent to San Francisco. The salt

shipments were important until within recent years. The first salmon
cannery was erected in 1883, at Parkersburg. In 1886 another was
built at the same place, and the following year still another was
erected close by. This wa> the largest number ever in operation in

any one year. Since 1909 two canneries have been operated, both at

Prosper. In 1916 the Macleay estate took over the Coquille River
Fishermen's Cooperative Co.'s cannery near Bandon.
The fishing grounds are from the mouth to Myrtle Point, about 45

miles inland.

Sixes River.—This small river is located in the norther part of

Curry County, and is about 40 miles in length, onterinr t e Pacific

a very short distance above Cape Blanco. The salmon caught here

are either salted or shipped fresh to the canneries on the Coquille

River.
EUc River.—This is another small stream about 40 miles in length,

which enters the Pacific just south of Cape Blanco. As on the Sixes

River, the salmon are either salted or sold fresh to the canneries on
the Coquille River.
Rogue River.—This river has as its source Crater Lake in the Cas-

cade Mountains, on the western border of Klamath County, flow-

ing a distance of about 325 miles to the ocean, which it enters at

Wedderburn. Its principal tributaries are the Illinois, Applegate,
and Stewart Rivers. Owing to can3'ons and falls in the main river

between the mouth of the Illinois River and Hellgate, the latter

near Hogan Creek which runs through the town of Merlin, naviga-
tion and fishing are impossible in that section. Except at the mouth
of the river the population is very sparse until about the neighbor-
hood of Hogan Creek, where the river approaches the railroad, and
from here on for some miles there are numerous growing towns.

Owing to the fact of there being both a spring and a fall run of

salmon in this river, the fisheries early became of importance,

11312°—21 2
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althougli sadly hampered because of being compelled to depend
wholly on vessel communication with San Francisco, many miles

away. In the early years the salmon were pickled and shipped to

San Francisco. Strong, Baldwin & Co. started in the busmess as

early as 1859. In 1877 R. D. Hume, who had been canning salmon
on the Columbia River, removed to the Rogue River, and established

near the mouth a cannery which he operated every season (except

1894, when the cannery burned down) until his death in November,
1908, after which date it was operated by his heirs. Mr. Hume also

operated a large cold-storage plant at Wedderburn for several years.

The development of the fisheries of the lower Rogue River was
very much hampered by the monopoly which Mr. Hume acquired
and maintained until his death. He bought both shores of the river

for 12 miles from its mouth, and also owned an unbroken frontage on
the ocean shore extending 7 miles north from the mouth of the river.

As a result of this, independent fishermen could find no convenient
places for landing, which was necessary in order to cure, handle, and
ship the fish caught. Since Mr. Hume's death the property has been
sold to the Macleay estate, but the people of Oregon, upon an initia-

tive and referendum petition, votea in 1910 to close Rogue River to

all commercial fishing, and it was so closed in 1911 and 1912 but re-

opened in 1913. A second cannery was built here in 1915 by the
Seaborg Canning Co.
In the upper river ranchers living along the banks have engaged in

fishing for a number of years, the catch for the most part being sold

fresh. In recent years, as the country has developed, this fishery has
become fairly important.

Chetco and Windchuck Rivers.—These two unimportant streams
empty into the Pacific in the lower part of Curry County, not far

from the California line. The former is about 20 miles and the latter

about 25 miles in length. Both have runs of salmon, and small fish-

eries have been maintained for some years, the catch bemg either

pickled or sold to the California canneries.

CALIFORNIA.

Smith River.—This river, which is the most northerly one in the

State, rises near the Siskiyou Mountains, and runs in a westerly
direction to the Pacific Ocean.
The river has only a spring run of salmon, and the early recorded

history of the fisheries is fragmentary. The pickling of salmon was
the main business at fu'st and has been important ever since, as the
cannery, which was first established in 1878, operated irregularly,

and seems to have shut down entirely in 1895. Canning began again
in 1914 by H. E. Westbrook and has been prosecuted each year
since.

lUamath River.—This is the most important river in California

north of the Sacramento. It issues from the Lower Klamath Lake
in Klamath County, Oreg., and runs southwesterly across Siskiyou
County, passes through the southeastern section of Del Norte County,
keeping its southerly course into Humboldt County, where it forms
a junction with the Trinity River, and thence its course is directed

to the northwest until it reaches the Pacific Ocean.
The Klamath River is important as a salmon stream because it has

both a spring and fall run of salmon. In 1888 a cannery was estab-
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lished at I\oqua. at the month, and this lias hoon operated occasion-

ally ever since. The pickling of salmon has heen done hero for a

numher of years. Some years part of the catch has been shipped
fresh to the cannery on Smith Kiver or to the Rogue River (Ore^.)

cannery. Since 1908 the cannery has been operated continuously by
the Klamath River Packers Association,

Hvmholdt Bay and trUmtanes.—The shore lino of Hum])oldt County
is bold and high, except in the vicinity of Humboldt Bay, where it

is rather flat. The latter is the only harbor along the county shore,

and it is ouite dilTicult of access, owing to the bar at the entrance

upon whicn tlie sea l)reaks quite heavily. The bay is about 12 miles

long and about 3 miles wide. Mad River, which lias its rise in the

lower part of Trinity County, runs in a northwestly direction, then
makes a sharp turn and enters the bay from the north side. Eel

River, wiiich has its rise in Lake County, far to the southeast, runs in

a northwesterly direction and enters the bay at its southern extrem-
ity. Small railroads running soutli from Eureka traverse the shores

of both rivers for some miles. A railroad now runs from the north

side of San Francisco Bay to Eureka, and it has aided very materially

in extending the market for salmon caught in those rivers.

Mattole River.—This is a small and unimportant river in the south-

ern part of Humboldt County, and is said to have a good run of

salmon each year, but no commercial fishing has as yet been carried

on here.

Noyo River.—In 1915 salmon fishing bo^an at Fort Bragg, in

Mendocino County, where the Noyo River del)ouches into the ocean.

The building of a branch railroad to this point made the shipping

of salmon a possibility. In 1915 and 1916 considerable salmon
were caught and shipped fresh. In 1917 the Tillamook Ice & Cold
Storage Co.. built and operated a camiery here, while the Columbia &
Northern Fishing & Packing Co., in the same year built and operated
a cold-storage and mild-curing plant.

Sacramento and San Joaquin Rivers.—^These two rivers are the

most important rivers in California. The Sacramento is quite crooked,

the distance by river from Red Bluff to San Francisco being about
375 miles, while the distance by rail between these two places is only
225 miles. The river rises in several small lakes in the mountains
about 20 miles west of Sisson, in Siskiyou County, and for nearly

half its length flows through a narrow canyon. The upper portion

is a typical mountain stream, with innumerable pools and rapids. A
little aDove Redding the river emerges from the canyon and widens
into a broad shallow stream. Below Sacramento it runs through a

level country and is affected by tides. Sloughs are numerous in this

stretch, some connecting it with the San Joaquin. The Sacramento
and San Joaquin Rivers join as they empty into Suisun Bay.
The principal tributaries of the Sacramento which are frequented

by salmon are the Pit and McCloud Rivers and Battle Creek. At one
time salmon frequented the American and Feather Rivers, but min-
ing and irrigation operations along these streams either killed them
off or drove them away.
The San Joac^uin River has its source in the Sierra Nevada Moun-

tains. Flowing westerly and forming the boundary between Fresno
and MadcTa Counties for a considerable distance, it then turns

abruptly to the north just where it is joined by Fresno Slough, which
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drains Lake Tulare. From here its general course is northwesterly
until it joins tlie Sacramento River, near the latter 's mouth. The
Chouchilla and Fresno Rivers are the principal tributaries of the
San Joaquin.
The principal fishing grounds for salmon are Suisun Bay, the

lower part of San Joaquin River, and the Sacramento River as
high as the vicinity of Sacramento. Drift gill nets are used almost
exclusively in this section. From Sacramento to Anderson there is

considerable concmaercial fishing, more particularly with haul seines.

Owing to the early and excellent railroad facilities which the fish-

eries of the Sacramento River have enjoyed, they have not been
handicapped so seriously as most of the other Pacific coast rivers in
finding j^rofitable outlets for the catch. Soon after the first trans-
continental line was opened the shipping of fresh salmon to eastern
points began, and it has been an important feature of the industry
ever since.

The chief event in the history of the salmon fisheries of this river

is the fact that the canning of salmon on the Pacific coast had its

incej)tion here in 1864. The chcumstances leading up to this event
and its consummation are interestingly told by R. D. Hume in the
following words

:

The first salmon cannery of the United States was located at Washington, Yolo
County, Calif. A part of the building was originally a cabin situated on the river

bank outside of the levee just opposite the foot of K Street, Sacramento City. It was
built in 1852 and occupied by James Booker, I'ercy Woodsom, and William Hume.
William Hume came to California in the spring of 1852, bringing with him a salmon
gill net which he had made before leaving his home at Augusta, Me. In company
with James Booker and Percy Woodsom, Mr. Hume began fishing for salmon in the
Sacramento Pdver just in front of the city of Sacramento. William Hume had been
salmon fishing in the Kennebec River in the State of Maine with his father, where hia

father and grandfather had been engaged in the same business since 1780, and their

ancestors in Scotland had for pleasure pm-sued the sportive salmon on the Tweed and
Tay for centuries before. In 1856 William Hume went back to Maine, and on his

return to California the sam.e year was accompanied by his brothers, John and
G. W. Hume, who also engaged in salmon fishing in the Sacramento River. Among the
schoolmates of G. W. Hume was one Andrew S. Hapgood, who had learned the tin-

smith's trade, and who a short time after G. W. Hume left for California went to Bos-
ton and entered the employ of J. B. Hamblen, a pioneer in the canning business,

and was sent by him to Fox Island on the coast of Maine to engage in canning lobsters.

The canning of lobster was a new and growing industry, and Mr. Hamblen, to increase

his business, a short time after sent Mr. Hapgood to the Bay of Chaleur, an arm of the
sea which divides the Province of Quebec from that of New Brunswick, where, in

addition to the canning of lobster, they also canned a few salmon. I believe this was
the first salmon canned on the American Continent, and I am informed that the busi-

ness in a small way is still carried on in that section of the country. In 1863 G. W.
Hume went back to Maine, and while there visited Mr. Hapgood at Fox Island, to

which place he had been again sent by J. B. Hamblen to take charge of the works at

that place. During the visit of G. W. Hume to his friend Hapgood a talk about salmon
was had, and it was agreed that if salmon on the lacific coast were as plentiful as

represented by Mr. Hume much money could be made in a salmon-cannery business.

The plan decided on was that G. W. Hume, on his return to California, should try and
induce his brother William to engage in the business with them, and, if he succeeded
in so doing, Mr. Hapgood should pirrchase the necessary machinery and come cfut to

California in time for the spring season of 1864. William Hume being agreeable to

take part in the enterprise, Mr. Hapgood set out on the journey and arrived at San
Francisco on March 23, 1864, and a few days later at the location where the operations

were afterwards conducted.^

a The description of the machinery used and the methods of canning have been quoted in full under
'Canning" elsewhere in this report.
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For a ronsidorablo time after tlie salinou-rannine; business was inatiRiirated the park-

era suspended operations in the early i>art of July of each year as at that time the

market \voul<l lake only goods which showed a rich oil and the best food xalues."

The business languished after the firm established its cannery on
the Colunil)ia Ilivcr, but in 1874 was renewed again by others and
continued with varying success until 1905, when it ceased tempo-
rarily, owing to the smaller quantity of fish available and the difii-

culty of competing with the mild-cure packers antl the fresii-fish deal-

ers. Several times since small packs liave been made when, for

some reason, mild-curiiio; was unprofitable.

Monterey Bay.—The first harbor soutli of wSan Francisco is Mon-
terey Bay, a large indentation cutting into Santa Cruz and Monterey
Comities, Only a portion of it is well sheltered, however. For a

number of years it had been known that salmon frequented the
waters of this bay for the purpose of feeding on the 3"0ung fishes

which swarmed there. Sportsmeii frequently caught them with rod
and reel, but it was not until the early eighties that the industry
was established on a commercial basis. It has since grown very
rapidly. The catch has either been mild cured at Monterey or

shipped fresh. A few have been canned in recent years.

ALASKA.b

Alaska is the most favored salmon-fishing region. Many rivers,

some of great length and draining enormous areas, intersect the dis-

trict in every direction, while the number of small creeks is countless.

Almost every one of these have runs of salmon of varying abundance.
The principal streams entering Bering Sea are the Yukon, Kus-
kokwim, Togiak, Nushagak, Kvichak, Naknek, Ugaguk, and
Ugashik; in central Alaska the Chignik, Karluk, Alitak, Susitna, and
Copper Kivers are the main streams, while in southeast Alaska are

found, among many others, the Anklow, Situk, Alsek, Chilkat, Chil-

koot, Taku, Stikine, and Unuk Rivers. Most of the fishing in Alaska
is carried on in the bays into which these rivers debouch. In south-
east Alaska, which is composed largely of islands, the fishing is carried

on mainly in the bays, sounds, and straits among these.

Even before the purchase of the district from Russia in 1867 our
fishermen occasionally resorted to southeast Alaska and prepared
salted salmon. The salmon fisheries did not become important, how-
ever, until canning was begun.

SOUTHEAST ALASKA.

One of the most favorable sections for carrying on fishing

operations is southeast Alaska. Here a narrow strip of main-
land, about 30 miles wide, separates British Columbia from salt

water and forms the " panhandle '' of Alaska. Outside this is a fringe

of numerous islands, large and small, close to the coast line, conform-

a The First Salmon Cannery. By R. 1). Uume. Pacific Fisherman, Seattle, Wash., Vol. II, No. 1,

January, 1901, pp. 19-21.
*> The material for the history of the salmon fisheries of Alaska for the period from the inception ofsalmon

cannintr to 1900 was obtained almost wholly from the following excellent and valnalile reports by Capt.
JeiTerson 1". Moser, to whom I am deeply indebted for this and other \ aluable data:
The Salmon and Salmon Fisheries of Alaska. Report of the Operations of the United States Fish Com-

mission Steamer .1 Ibatross for the Year ended June 30, 1898. By Jefferson F. Moser. Bulletin, U. S. Fish
Commission, ls9S, Vol. XVllI, pp. 1-17S. Washington, 1899.

Alaska Salmon Invcstipatinns in 1900 and 1901. 15y Jefferson F. Moser. Bulletin, U. S. Fish Oommis-
sion, 1901, Vol. XXI, pp. 173-398. Washington, 1902.
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ing to its irregularities and separated from it and from each other
by deep straits and channels. These islands, about 1,100 in number,
extend from the coast an average distance of about 75 miles and along
the general contour for about 250 miles. Some of these islands are

very large, indented with deep bays and sounds, and they in turn
fringed with smaller islands.

The largest streams in this region are the Unuk, Stikine, Taku, and
Chilkat, all of which take their source in the interior and drain con-
siderable areas. The other rivers are usually streams, and the greater
number are simply outlets to a lake or system of lakes.

All species of salmon are to be found in this region, but the hump-
back is by far the most abundant.

This region has been the favorite fishing ground for the smaller
operators, although a few of the largest canneries in Alaska are

located here. Of recent years transportation facilities have been
exceedingly good and fairly cheap, while the nearness to the States

and the considerable resident population which could be drawn upon
for labor have been big factors in its development.
The Russians did considerable salting of salmon. Petroff, in his

report in the Tenth Census on the "Population, industries, and re-

sources of Alaska," writes as follows of the Redoubt near Sitka:

"The once famous Redoubt or deep-lake salmon fishery on Baranof
Island, which at one time during the Russian rule supplied this

whole region, and whence 2,000 barrels of salmon were shipped in

1868, now lies idle."

Bancroft" in speaking of the king salmon of Alaska says: "So
choice is its flavor, that during the regime of the Russian American
Co. several barrels of the salted fish were shipped each season to St.

Petersburg for the use of the friends of the company's officials."

One of the earliest operators in southeast Alaska was a Greek, or

Slav, named Baronovich, who married the daughter of Skowl, one
of the old-time chiefs of the Kasaans, and received from him the

fishery on Karta Bay, a part of Kasaan Bay, and one of the best red
salmon streams south of Wrangell Narrows. Baronovich built a

saltery here, kept a store and traded with the Indians. He died some
years ago, and for some time after his death his sons operated it.

It finally collapsed a couple of years ago.

For a number of years a saltery was operated at Klawak, on the

west coast of Prince of Wales Island. In 1878 the North Pacific

Trading & Packing Co. purchased the saltery and erected the first

cannery in Alaska here. A pack was made the same year, and the

plant has operated every year since. In 1899 the canner}^ burned
down, but it was immediately rebuilt on the opposite side of the bay.

For some years this plant was operated almost exclusively with
native labor, and at present the majority employed are natives.

The same year that the above cannery was established the Cutting
Packing Co. built a cannery at old Sitka, and operated it in 1878 and
1879, then it was closed down. In 1882 the machinery was taken
by another company to Cook Inlet.

In 1882 M. J. Kinney, of Astoria, under the name of the Chilkat
Packing Co., built a cannery on the eastern shore of Chilkat inlet and
made a pack the same year. The cannery changed hands several times

o History of Alaska, Vol. XXXHI, p. GOl. By Habere Howe liaiicroft. San Francisco, 1886.
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and finally was burned in 1892, and not rebuilt. The cannery packed
every year from 1883 to 1891, both inclusive, except in 1888, when
it was closed.

In 1883 the Northwest Trading Co. built a cannery on Pyramid
Harbor, a little bay on the western side of Chilkat Inlet. It was
operated by this company in 1883 and 1884, was idle in 1885, and in

1888 was sold to D. L. Beck & Sons, of San Francisco, and operated

by that firm. In the spring of 1889 it was burned, but was rebuilt at

once and a pack made that year. In 1893 it joined the Alaska
Packers Association, which operated it, except in 1905, until the end
of the season of 1908, when it was finally abandoned.
On the north shore of Boca de Quadra, about 8 miles from the

entrance, a cannery was built in 1883 by M. J. Kinney, of Astoria, and
operated under the name of the Cape Fox Packing Co. from 1883 to

1886. Late in the last-named year it was sold and moved to Ketchi-
kan, operating there mider the name of the Tongass Packing Co.

during 1887, 1888, and until August, 1889, when it was burned and
not rebuilt.

In 1886 Rhode & Johnson erected a saltery at Yes Bay. The fol-

lowing year the firm became Ford, Rhode & Johnson. In 1887 work
was ])egun on a cannery which was finished in 1888. Packing was
begun in 1889 under the name of the Boston Fishing & Trading Co.

In 1901 it was included in the Pacific Packing & Navigation Co. con-
solidation, and when that concern failed was purchased in 1905 by
the Northwestern Fisheries Co. In 1906 the cannery was purchased
by C. A. Burckhardt & Co., who have operated it each year to date,

either under that name or subsequent incorporations known as the
Yes Bay Canning Co. and the Alaska Pacific Fisheries.

In 1887 the Aberdeen Packing Co. of xVstoria, Oreg., built a can-
nery on the Stikine River, about 8 miles above the mouth. In 1889
the cannery was moved to Point Highfield, on the northern end of

Wrangell Island, and operations commenced under the name of the
Glacier Packing Co. In 1893 it joined the Alaska Packers Associa-
tion, ^yho have operated it continuously, except in 1905.
The Loring cannery of the Alaska Packers Association was built in

1888 by the Alaska Salmon Packing & Fur Co., of San Francisco, and
operated by the Cutting Packing Co. The company was incorporated
in 1 883 and operated a saltery until the cannery was built. When the
Alaska Packers Association was formed in 1893 it joined that organi-

zation. The cannery has operated every year since it was built, and
in some seasons has made the largest pack of any in the Territory.

Shortly after William Duncan and his community of Tsimpsean
Indians had settled, in 1887, on Annette Island, which island had
been set aside by the Federal Government as a reserve for them,
plans were under way for a salmon cannery, but funds came in so

slowly that it was not until 1890 that any pack was attempted. In
1891 it was in full operation, and operated from then continuously
until 1913, when the plant was shut down for that and the two suc-
ceeding years. Much dissatisfaction had been expressed by the
natives over the operation of tliis and other industrial plants on the
island, and finally the Federal authorities took possession of prac-
tically everything, as guardian of the natives, and early in 1916
leased the cannery to P. E. Harris & Co., of Seattle, the understand-
ing being that they were to employ natives when available. Un-
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fortunately the plant burned down on May 17, just before the fishing
season began. In 1918 the Annette Island Packing Co. built and
operated a cannery here.

For the piu-pose of assisting the natives of Annette Island in
operating this cannery the President in 1916 issued a proclamation
making a fishery reserve of the island and among other things pro-
vided that

—

the waters within 3,000 feet from the shore lines at mean low tide of Annette Island,
Ham Island, Walker Island, Lewis Island, Spire Island, Hemlock Island, and adja-
cent rocks and islets, located within the area segregated by the broken line upon the
diagram hereto attached, and made a part of the proclamation, also the baj^s of said
islands, rocks, and islets, are hereby reserved for the benefit of the Metlakahtlans
and such other Alaskan natives as have joined them or may join them in residence
on these islands, to be used by them under the general fisheries laws and regulations
of the United States as administered by the Secretary of Commerce.

One white trap net owner refused to remove his trap from the
waters in question, and when decision was rendered against him in
the lower court, carried the case to the United States Supreme Court,
which, in December, 1918, upheld the right of the President to grant
exclusive fishing rights in public waters.
James Miller operated a saltery on Burroughs Bay, on Behm:

Canal, in 1886 and 1887. In 1888 Andrew and Benjamin Young,
of x\storia, Oreg., built a cannery here and operated it under the
name of the Cape Lees Packing Co. in 1888, 1889, and 1890. It

was closed in 1891 and 1892. In 1893 it became a part of the Alaska.
Packers Association, and was dismantled the following year.

About 1888 a saltery was established 'on Thorne Bay, Prince of
Wales Island. The following year it was sold to the Lormg cannery.
In 1892 it was sold to Robert Bell, who moved it to the upper end of
the northwest arm, on the western shore. Salting was not carried
on each season, as it was sometimes found to be more profitable to

sell the fish fresh to the canneries. The plant was finally abandoned.
In 1889 Messrs. Sanborn and Ellmore, of Astoria, built a cannery

in Pavlof Harbor, Freshwater Bay, on the eastern side of Chichagof
Island, and operated it under the name of the Astoria & Alaska
Packing Co. It made a pack that year and in the spring of 1890
was moved to Point Ellis, on the eastern side of Kuiu Island, pack-
ing that year and also in 1891. It was burned in May, 1892. Only
one building was left standing, and it and the site were purchased by
John H. Mantle, of Wrangell, who operated a saltery on each arm of
the bay. Mr. Mantle began operations here in 1893.

In 1889 the Baranof Packing Co. built and first operated a can-
nery at the Redoubt, about 12 miles below Sitka. It was also oper-
ated in 1890 and then moved to Redfish Bay, on the western coast
of Baranof Island. It made its first pack here in 1891 and was then
operated every year until 1898, when it was sold to the Alaska
Packers Association and dismantled.

In 1889 the Thlinket Packing Co., organized at Portland, Oreg.,,

built a cannery at Point Gerard, on the mainland opposite Point
Highfield, at the head of Wrangell Island. It was operated that
and the subsequent year.

In 1901 this company built another cannery at Santa Anna, on
the north side of Cleveland Peninsula, and made a pack the same
year.
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In 1001 both plants bccnmo pari of tlio Pacifio Packing & Navi-
gation Co. In 1902 the Gerard Point plant was closed and was not

opened again. In 1003, 1904, and 1905 the Santa Anna plant was
closed also. Early in 1905 these plants were purchased by the

Northwestern Fisheries Co. at the assignee's sale of the old corpora-

tion's properties. The Santa Anna plant was operated in 1906 and
has been operated each year since.

Tlic Chilkat Canning Co. put up a plant at Chilkat village, on
Cliilkat Inlet, in 1889. It was operated from 1889 to 1893, and
then sold to the Alaska Packers Association. It was held in reserve

for some 3'ears but was finally dismantled.

In 1889 D. Blauw, of Tacoma, Wash., built a saltery on Grouse
Island, Boca de Quadra, and dry-salted dog salmon. He operated
only one season.

In 1890 a cannery was built by the Bartlett Bay Packing Co. on
Bartlett Bay, Icy Straits, and operated b}^ Williams, BrowTi & Co.,

of San Francisco. A salter}^ was constructed here prior to that date,

and in 1889 a pack of 4,300 cases was made in a crude way. In
1891 the ice piled up in Glacier Bay to such an extent that the cannery
could do almost nothing. It was not operated after this date. In
1893 it became a part of the Alaska Packers Association and was
dismantled in 1894.

About 1890 a saltery was established on the north shore of the
mouth of Quadra Stream, on Boca de Quadra, by Clark & Martin.

It was operated intermittently until about 1898, when it was aban-
doned. The same parties also established a saltery at Ketchikan
shortly after the one on Quadra Stream was built, and operated this

until about 1898, when the plant was turned into a steamer wharf
and warehouse for the new town of Ketchikan which was building

up around it.

In 1896 the Pacific Steam Whaling Co. built a cannery on the
northern side of Hunter Bay, near the southern end of Prince of

Wales Island, and made a pack the same year. ^liller & Co. had a

saltery at this place and it was purchased by the company and re-

moved to make room for the cannery. Miller & Co. also had a saltery

on Nutqua Inlet, which was built in 1896, and this also was sold to

the canning company. In 1901 the cannery became a part of the
Pacific Packing & Navigation Co. It was closed in 1904. Upon the
dissolution of the company in 1905 this plant was purchased by the
Northwestern Fisheries Co., which company, after keeping it closed

in 1905 and 1906, has operated it each season since.

The Quadra Packing Co. built a cannery on Mink Arm, in Boca
de Quadra, in the spring of 1896 and made its first pack that year.

In 1901 the plant was purchased by the Pacific Packing & Naviga-
tion Co. It was closed in 1904, 1905, and 1906. Upon the dissolu-

tion of the company in 1905 the plant was piu-chased by the North-
western Fisheries Co. It was reopened in 1907 and has been oper-
ated each season since.

In 1897 a saltery was built on Taku Point, near the head of Taku
Inlet. In 1898 and 1899 it was operated by the Quadra Packing Co.
In 1900 the Icy Straits Packing Co. operated it.

In 1897 a small saltery was in operation by Cyrus Orr at Point
Barrie, Kupreanof Island. In the same year Walter Kosmikoff
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operated a small saltery at Shipley Bay, on Prince of Wales Island.
In 1900 he sold it to the Icy Straits Packing Co.

Fred Brockman in 1897 built and operated a small saltery on
Sarkar Stream, Prince of Wales Island. Mr. Brockman operated
.this saltery intermittently until his death in 1915.

In 1897 Banter & West were operathig a saltery at Sukkwan, on
Sukkwan Island. In the same year Miller & Co. started another
saltery on Kassook Inlet, on Sukkwan Island, while Thomas Mc-
Cauley was operating a saltery on Whale Passage.

In 1899 the Icy Straits Packing Co., consisting of stockholders of

the Quadra Packing Co., built a cannery and sawmill at a point on
the southeastern shore of Wrangell Narrows, about a mile south of the
northern entrance to same, and named the town site Petersburg. The
cannery was ready and operated in 1900. In 1901 it became a part
of the Pacific Packing & Navigation Co. It was closed in 1903, 1904,
and 1905. In 1905 it was purchased at the sale of the company's
properties by the Northwestern Fisheries Co. In 1906 the Pacific

Coast & Norway Packing Co., which had been operating a cannery
at Tonka, on Wrangell Narrows, purchased this plant and transferred
its activities to the latter. In 1915 the plant was leased to the
Petersburg Packing Co., composed of stockholders of the old company.

In 1900 the Western Fisheries Co., of Portland, built a cannery at

the head of Dmidas Bay, and made a pack the same year. In 1901
it became a part of the Pacific Packing & Navigation Co. It was
closed in 1904. At the assignee's sale of the company's properties in

1905 this plant was purchased by the Northwestern Fisheries Co. and
operated in 1905 and each subsequent year.

In 1900 the Fidalgo Island Packing Co. built a cannery on the
southern side of Ketchikan Creek. A pack was made the same year.

The plant was closed in 1903, only a little salting being done that year,

was reopened in 1904, was closed again in 1905, and was reopened in

1906, smce when it has been operated each season to date, except in

1909.

In 1900 the Pacific Coast & Norway Packing Co. operated a floating

saltery while prospecting for a cannery location. In 1901 the com-
pany built a cannery at Ton.ka, about midway of Wrangell Narrows,
on the western side, and made a pack in that and subsequent years

until 1906. In that year the company purchased the Petersburg
cannery and thenceforth operated from there. The Tonka plant was
dismantled a few years later.

In 190*0 the IIoyer-Warnock Packing Co., of San Francisco, built

a small caiuiery on Beecher Pass, which connects Duncan Canal with
Wrangell Narrows, using the old Buck saltery for the cannery proper.

It operated only the one season. It was a hand-pack plant.

The Taku Fishing Co. m 1900 built a cannery on the southern side

of the entrance to Port Snettisham, and made a pack in that year. In
1901 it became a part of the Pacific Packhig & Navigation Co. The
plant was closed in 1902 and not reopened again.

In 1900 the Taku Packing Co., organized in Astoria, Oreg., built a

cannery on the western shore of Taku Inlet and made a pack the

same year. In 1901 it became a part of the Pacific Packing &
Navigation Co. It was closed in 1904 and not reopened again.

In 1905 it became the property of the Northwestern Fisheries Co.
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Iti 1900 the Chilkoot Packing (^o., organized at Aberdeen, Wash.,
built a cannery at the head of Chilkoot fnlet, and operated the same
year. In 1901 it became a part of the Pacific Packing & Navigation

Co. It was closed in 1904 and not reopened again.

In 1900 the Great Northern Fish Co. operated a floating saltery.

Its principal business was salting dog salmon for the Japanese
trade, and it operated only one season. J. E. Rice, of Whatcom,
Wash., in the same year packed dog salmon on Karta Bay for the

same trade.

The Pacific Packing & Navigation Co. (an account of whose incep-

tion, operation, and failiu'e appears under Puget Sound) was organ-

ized in 1901 and acquired the followhig canneries in Alaska: Can-
neriies of Pacific Steam Whalhig Co. at Nushagak, Bristol Bay; Chig-

nik, Alaska Peninsula; Uyak, Kodiak Island; Kenai, Cook Inlet;

Orca, Prince William Sound; Hunter Bay, southeast Alaska. Also

"the Hume Bros. & Hume canneries at Chignik and Uyak; the Thhnket
Packing Co. with canneries at Gerard Point and Santa Aima; the

Western Fisheries Co. cannery at Dmidas Bay, Icy Straits; Chilkoot

Packing Co. cannery at Chilkoot Inlet; the Taku Packing Co. can-

nery at Taku Inlet; the Taku Fishing Co. cannery at Port Snet-

tisham; the Boston Fishiiig & Trading Co. cannery at Yes Bay; the

Chatham Straits Packing Co. cannery on Sitkoh Bay; the Icy Straits

Packing Co. cannery at Petersburg, Wrangell Narrows; and the

Quadra Packhig Co. cannery at Mink Ai'm, Boca de Quadra.
The company met with financial disaster in 1904, and at the

resulting sale most of its properties were bought by the North-
western Fisheries Co., a corporation formed for the purpose. Of the

Alaska canneries the Sitkoh Bay plant was sold to George T. Myers &
Co,, while the Orca plant was leased to Cant. Omar J. Plumplu-eys,
from whom the Northwestern Fisheries Co. later on secured it.

The San Juan Fishing & Packing Co., of Seattle, established a
cannery and cold-storage plant in 1901 at Taku Harbor, a small bay
on the mainland a short distance south of Taku Inlet, and made a
pack the same year. This plant was purchased in 1903 by the

Pacific Cold Storage Co. and operated by it in 1903, 1904, and 1905.

In 1906 it was leased and operated by the Taku-Alaska Packing Co.

From 1907 to 1911 the plant was leased and operated by Jomi L.
Carlson & Co. In 1911 tne plant was purchased by Mr. Carlson and
the name changed to the Taku Canning & Cold Storage Co., under
which name it has been operated each year since. In 1918 it was
purchased by Libby, McNeill & Libby.

In 1901 the Chatham Straits Packmg Co. built a cannery on Sitkoh
Bay, Chichagof Island. The same year this cannery became apartof
the Pacific Packing & Navigation Co. Upon the dissolution of the
latter, early in 1905, this plant was purchased by George T. Myers &
Co., which company has operated it to date witnout a break.

In 1901 F. C. Barn.es, oi Portland, Ore^., built a cannery at Lake
Bay, on the east side of Prince of Wales Islan.d, and made a pack that
season. This canncr}^ was operated in 1902, but was closed in 1903.

It was reopened in 1904, and operated each season after that. In
1910 it was incorporated under the name of F. C. Barnes Co.
In 1901 the Union Packing Co., organized in Tacoma, Wash., built

a cannery on Kell Bay, an arm of Affleck Canal, on the southern side
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of Kuiu Island. In 1904 this plant was moved to the Kvichak
River in Bering Sea.

Buhring & Heckman operated a small saltery in Union Bay, on the
north side of Cleveland Peninsula, in 1901. Packing was carried on
aboard a barge.
In 1901 the Muir Glacier Packing Co. put up a saltery on Ideal

Cove, Dry Pass, near Wrangell. It has operated mainly as a mild-
cure station. It was closed down in 1903 but was opened in 1904.

It was then closed in 1905, 1906, and 1907. It was opened in 1908 hj
K. J. Johansen and operated in 1908 and 1909.

In 1902 the Kasaan Bay Co. built a cannery on the north side of

Kasaan Bay, Prince of Wales Island, and made a pack the same year.
It was shut down in 1904 and 1905, but reopened in 1906 by Gorman
& Co., of Seattle, who had purchased control of the company. Shortly
after the closing of the packing season the plant burned down, but it

was rebuilt in time to operate the following season. In 1909 the plant
was closed, but was reopened in 1910. On September 12 of that year
the plant was again destroyed by fire, but was rebuilt in time to operate
the following season. On October 29, 1911, the plant was once
more destroyed by fire, but was rebuilt in time to operate in 1912.
In 1915 the plant was purchased and operated by the Anacortes
Fisheries Co., a subsidiary of the Booth Fisheries Co.

In 1902 the Alaska Fish & Lumber Co. built a cannery at Shakan,
on Kosciusko Island, near the head of Prince of Wales Island, and
made a pack the same year. It was shut down in 1904. In 1905 the
property was taken over by the Shakan Salmon Co., a new company
composed largely of members of the old corporation, who operated il

that season. In 1906 Gorman & Co., of Seattle, obtained control of

this cannery and operated it each season under the name of the Sha-
kan Salmon Co. until 1915, when it was sold to the Anacortes Fish-
eries Co., a subsidiary of the Booth Fisheries Co.

In 1902 the Columbia Canning Co. built a cannery on the southern
side of Chilkoot Inlet, and made a pack that year. In 1910 C. A.
Burckhardt & Co., under the name of the Chilkoot Fisheries Co., pur-
chased and operated this plant. In 1911 the name was changed to

the Alaska Pacific Fisheries. Early in 1919 the plant was totally

destroyed by fire.

The only cannery in this section lost to Alaska by action of the
Federal Government was that of the Wales Island Pacldng Co., which
was built on Wales Island, near Dixon Entrance, in 1902. When
the Alaska Boundary Arbitration Commission declared Wales Island

a part of Canada in 1903, this cannery automatically ceased to be an
American one. After the change of government it lay idle for some
time, but is now in use once more by Canadian parties.

In 1902 the Thlinket Packing Co. built a cannery on Funter Bay,
on the west side of Admiralty Island, and made a pack that year and
every subsequent year to date.

The same year the Pillar Bay Packing Co. built and operated a

cannery near Point Ellis, on Kuiu Island, and operated it until 1918,
when it was sold to the Fidalgo Island Packing Co.

In 1902 the Alaska Fisheries Union, organized in Seattle, built a

cannery on the east side of Chilkat Inlet, and made a pack that year.

Aiter operating to 1905, the plant was in that year leased to and
operated by the Lynn Canal Packing Co. The plant was purchased
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in 1906 by the Pacific American Fisheries. In 1908 it was moved to
Excursion Inlet and lias hecn operated each season to date.

The Tacoma Fishing Co. in 1902 established a saltery and halibut
station at Tee Harbor, on Lynn Canal, and made a pack that year.
Later it became the property of the International Fisheries Co. In
1910 the plant was purchased by the Tee Harbor Packing Co., which
established a cannery and operated first in 191 1 . It has been operated
each season since, being sold to the Alaska Pacific Fisheries Co. in
1920.

The Seattle-Scandinavian Fish Co. built a saltery on Snug Harbor,
Tenakee Inlet, Chichagof Island, in 1902, and made a pack, it packed
in 1903 also, but shut down in 1904. The plant was leased in 1905,
and then shut down for good.
The Alaska Fish & Mining Co. built and operated a saltery at

Kevilla, on Tongass Narrows, during the single season of 1902, while
the Rice Fisheries Co., in the same year, built and operated a saltery
on Boca de Quadra.
The United Fish Co., of Seattle, salted at Tolstoi Bay, east side

of Prince of Wales Island, 1903 and 1904.

In 1907 the Alsek Fisheries Co. did some salting on the Alsek River.
Malcolm Campbell was interested in the above compan}'^ and in sub-
secpient years operated under his own name. In 1910 the St. Elias
Packing Co. established a cannery near the saltery and made a pack
the same year, and in 1911 and 1912. Since then the plant has been
closed and was sold in 1916 to Libby, McNeill & Libby.
The Astoria & Puget Sound Packing Co., in 1908, built and operated

a cannery on Excursion Inlet. It was closed the following year, but
has been operated each year since. It was burned in 1917, but was
rebuilt in time to operate the following season.
The year 1911 witnessed a considerable increase in the number of

canneries. Among the new plants built and operated were the follow-
ing: Hidden Inlet Camiing Co., Hidden Inlet, Portland Canal; Hawk
Fish Co. (later changed to P. E. Harris & Co.), Hawk Inlet, Admiralty
Island; Lindenberger Packing Co., Roe Point, Behm Canal; Deep
Sea Salmon Co., Cape Edwards, Chichagof Island; L. Gustave & Co.,
Skowl Arm, Prince of Wales Island (changed in 1912 to Skowl Arm
Packing Co.), and M. E. Lane (a small hand-pack plant), Myers
Chuck, Cleveland Peninsula.
An innovation in Alaska salmon canning this year was when the

old ship Glory of the Seas was fitted out as a floating cannery by the
Alaska Fish Co., and operated in Hawk Inlet, Admiralty Island, and
at Ketchikan. Quarters for the crew were built over the cabins on
the quarter deck, the latter being reserved for officials. The remain-
der of the upper deck was used for receiving, dressing, and cleaning
the fish, which were brought on board by means of a portable elevator
attached to the side of the ship. The "iron chink" and the sliming
and cleaning tanks were also on this deck. The fish were carried in

chutes to the second deck, where a line of sanitary machinery had
been installed. The retorts were placed on the forward part of the
second deck. The third deck was used for cooling and storing the
pack. No lacquering or labeling was carried on aboard the vessel.

In 1912 this plant and the ship William H. Smith, the latter by the
Welding & Independent Fisheries Co., of Seattle, were operated.
The William H. Smith also did some freezing of salmon.
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In 1913 the Olory of the Seas was sold to the Glacier Fisheries Co.,

which operated it as a cold-storage plant. The floating cannery and
cold-storage ship William H. Smim was not operated in Alaska during
this season.

In 1912 still more canneries were built, among these being the fol-

lowing: Admiralty Trading Co., Gambler Bay, Admiralty Island;
Alaska Sanitary Packing Co., Wrangell'; Canoe Pass PacJving Co.,

Canoe Pass ; Herbert Hume Packing Co., Nakat Inlet, Portland Canal

;

Hoonah Packing Co., Hoonah, Icy Straits; Irving Packing Co.,

Karheen; Kake Packing Co., Kake; Kuiu Island Packing Co., Point
Beauclaire, Kuiu Island; Lindenberger Packing Co., Craig, Fish Egg
Island; Oceanic Packing Co., Waterfall; Point Warde Packing Co.,

Point Warde, Bradfield Canal; Pure Food Fish Co., Ketchikan;
Revilla Fish Products Co., Ketchikan; Sanborn-Cram Co., Burnett
Inlet; Starr-Collinson Packing Co., Moira Sound; Sunny Point Pack-
ing Co., Cholmondeley Sound; Swift, Arthur & Co., Heceta Island;
Walsh-Moore Canning Co., Ward Cove, and Wiese Packing Co., Rose
Inlet.

In 1913 the plant of Swift, Arthur & Co. was used as a mild-cure
station alone, while the name was changed to the vSwift-Arthur-

Crosby Co. The Alaska Fish Co. absorbed the Oceanic Packing Co.
and transferred its activities to the former company's cannery at

Waterfall. The following other plants were shut down: Canoe JPass

Packing Co., Herbert Hume Packing Co., Point Warde Packing Co.,

and the Revilla Fish Products Co.
In 1914 one new cannery was built. This was erected on George

Inlet, Revillagigodo Island, by the George Inlet Packing Co. The
canneries of the Point Warde Packing Co., located at Point Warde,
and the G. W. Hume Packing Co. (formerly the Herbert Hume
Packing Co.), at Nakat Inlet, which were not operated in 1913, were
reopened in 1914. The cannery of the Swift-Arthur-Crosby Co. was
also reopened. The Walsh-Moore Canning Co. changed its name to

the Ward Cove Packing Co., while the Sanborn-Cutting Co. took over
the cannery operated by the Kake Packing Co. The canneries of the
Admiralty Trading Co. and the Skowl Arm Packing Co. were closed in

1914. The plant of the Kuiu Island Packing Co. burned down in the
fall.

In 1915 the Admiraltj^ Trading Co. did not operate. Late in the
summer it was sold to the Hoonah Packing Co., which company
operated it in 1916 and succeeding years. The new canneries in

1915 were the Doyhof Fish Products Co., at Doyhof, on Wrangell
Narrows, and Edward Verney & Son (a hand plant), at Metlakahtla.
The name of the Irving Packing Co. was changed to the Karheen
Packing Co. The vStraits Packing Co. purchased the Skowl Arm
cannery of the Skowl Arm Packing Co. and operated it.

In 1916 the following new canneries were construc,ted and put into
operation: Auk Bay Salmon Canning Co., Auk Bay; Beegle Packing
Co., Northland Packing Co., and J. li. Smiley & Co., all at Ketchikan;
Sanitary Packing Co., George Arm; Seattle Packing Co., floating
plant in Idaho Inlet; Tenakee Fisheries Co., Tenakee; and Union
Bay Fisheries Co., Union Bay.
The George W. Hume Co. 's plant at Nakat Inlet, formerly operated

by the Herbert Hume Packing Co., burned down shortly after the
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season's operations had begun. It was rebuilt in time to operate in

1917.

Late in 1916 the Lindenberger Packing Co. sold its Roe Point
plant to the Northwestern Fisheries Co. and its Crai^j plant to the
Columbia Salmon Co. About the same time the Seattle racking Co.
disposed of its floating cannery Amelia to the Northland Fish Co.,

which operated it at Mctlakahtla in 1917. Tlie Sanitary Packing
Co. changed to the Ketchikan Packing Co., while the Sunny Point
Packing Co. took over all the interests of the Northland Packing Co.,

and in 1917 operated the cannery also located at Ketchikan.
In 1917 the heavy demand throughout the world for foodstuffs

caused a considerable increase in the number of new canneries in

Alaska. In the southeast Alaska section, nine were built and
operated as follows: Alaska Herring & Sardine Co., Port Walter;
Alaska Pacific Herring Co., Big Port Walter; Baranof Packing Co.,

Red Bluff Bay; R. L. Cole & Co., Tokeen; Haines Packing Co.,

Letinkof Cove; Lane & Williams, Moira Sound; Northland Fish Co.
(floating plant Amelia), Metlakahtla; Sitka Packing Co., Sitka;

and Robert Scott, a floating cannery at Craig. The two first named
were built in 1916 but were not then engaged in canning salmon.
On September 13, 1917, the cannery of the Sunny Pomt Packing

Co., at Sunny Point, was totally destroyed by fire, while on October 2

the same fate befell the cannery of the Astoria & Puget Sound
Canning Co. at Excursion Inlet. Wilson Fisheries Co., oi Chicago,
took over the J. L. Smiley & Co. plant at Ketchikan.

In 1918 the following new canneries were put into operation:
Alaska Clam Canning Co., Petersburg; Alaska Packing & Navigation
Co., Pavlof Harbor; Columbia Salmon Co., Tenakee Inlet; Hidden
Inlet Canning Co., Hood Bay; Hunter & Dickinson, Washington
Bay; T. E. P. Keegan, Douglas; J. H. Long Packing Co. and North-
ern Packing Co., -luneau; Noyes Island Packing Co., Noyes Island;

Pybus Bay Fish & Packhig Co., Pybus Bay; Pyramid Packing Co.
and Sitka Packing Co., vSitka; Southern Alaska Canning Co., Quadra;
Todd Packing Co., Peril Strait; and H. Van Vlack & Co., Petersburg.
The name of the Sanborn-Cram Co. was changed to Burnett Inlet

Packing Co. The Deep Sea Salmon Co. established a new plant at

Port Althorp and used part of the equipment of its former Knik Arm
cannery in equipping it. G. W. Hume Co. purchased the Doyhof
Packing Co. cannery at Scow Bay. The Marathon Fishing and Pack-
ing Co. operated the barge Amelia at Petersburg. The Southern
Alaska Canning Co. took over the Rose Inlet plant of the Wlese
Packinoj Co.
The following new plants were constructed and operated in 1919:

Alaska Salmon & Herring Co., Tyee; Alaska Sanitary Packing Co.,

an additional plant at Cape Fanshaw; Beauclaire Packing Co., Port
Beauclaire; Cape Fanshaw Fishing & Packing Co., Cape Fanshaw;
J. L. Carlson & Co., Auk Harbor; Douglas Island Packing Co.,

Douglas; Hood Bay Packing Co., Hood Bay; Olympic Fisheries Co.,

floating barge at Ketchikan, etc.; Petersburg Packing Corporation,
Washington Bay.
The Southern Alaska Canning Co. took over the Alaska Pacific

Herring Co., while the Alaska Clam Canning Co. changed its name to

the Mountain Point Packing Co. The American Packing Co. took
over the J. H. Long Packing Co.
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In 1919 the Northwestern Fisheries Co. did not operate its Santa
Ana, Hunter Bay, and Roe Point canneries, while the Anacortes
Fisheries Co. shut down its vShakan cannery. Other canneries which
did not operate were the following: Craig cannery, of Columbia
.Salmon Co.; T. E. P. Keegan, Douglas.
At one time salteries were of considerable importance in this sec-

tion, but the establishment of canneries, with the consequent heavy
demand for fresh salmon, induced most of the salteries to sell their
high-grade fish to the canneries and pack only the cheaper grades.
Many of them quit the business as a result of the competition, while
others were forced out by the low prices prevailing at times for salted
salmon. As many of the salters moved from place to place, and fre-

quently changed their operating name, it has been difficult to keep
track of them, and in this review only those are listed who attained to
some prominence either through longevity or largeness of pack.
James Millar, one of the earliest whites to take up his residence here

after the purchase of Alaska, and his sons were very active in starting
and operating salteries, and it was an unusual thing during the period
previous to 1910 when one of the family was not operating such a
plant.

Jacob liouth established a saltery on the south arm of Moira Sound
about 1900 and operated it for some years.
John C. Frey established a saltery on Etoline Island in the nineties

and ran it until his death in 1904, when John H. Mantle purchased
and operated it until about 1910-

Anderson & King built a saltery on Cholmondeley Sound, Prince of

Wales Island, in the nineties. In 1904 it was operated under the
name of A. E. King. After Mr. King's death his widow operated it

from 1906 to 1909. In 1910 the saltery was purchased by C. A.
Burckhardt & Co., who built a cannery on the site and began opera-
tions in 1911. In 1912 the name was changed to the Alaska Pacific

Fisheries.

The Alaska Fish & Development Co. built a saltery on Pleasant
Bay, Admiralty Island, in 1903, and operated it from 1903 to 1905.
In 1907 it was operated by the Alaska-American Fish Co., but has
been closed since.

Yakutat Bay is the only harbor available for vessels from Cape
vSpencer to Prince William vSound. In 1902 C. A. Fredericks & Co., of

Seattle; Mulvey & Wilson, of Yakutat; Jewell Fish Co.; and Ankow
Fish Co. all established salteries here. While their primary purpose
was the salting of herring, considerable salmon was also salted.

These plants operated only the one season.
In 1904 the Yakutat & Southern Railway Co. built a cannery here.

This plant is noted for being the only one that hauls its fish by railway
from the fishing streams to the cannery. The railroad is a little over
9 miles in length, and for some years an engine which had seen service

on the elevated railroads of New York City and was discarded when
the latter were electrified was used. A more modern engine is now in

use. The fish are carried in open freight cars. Later this company
was purchased by Gorman & Co., and now is the property of Libby,
McNeill & Libbey, although operated under the original name.
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PRINCE WILLIAM SOUND AND COPPER RIVER.

The great indentation known as Prince William Sound, and the
Copper Uiver delta, a short distance south of the sound, were not
exploited as much as many other portions of Alaska until about 1915,

due largely to the limited mi>ans of transportation and the consequent
heavj^ expense of operation.

The prmcipal source of salmon supply is the Copp<T River, a glacial

stream about 300 miles long, which empties into the Gulf of Alaska
t]u*ough a delta nearly 40 miles in wiath and extending upstream
about 25 miles.

Owing to the constantly shifting shoals in the delta, special knowl-
edge is needed in navigating them, whiU^ special flat-bottomed vessels

are required as run boats. The gill net and dip net are the only
important apparatus in use in the river. In Prince William Sound
traps and purse seines catch most of the salmon.

In 1889 a company knoAVTi as the Central Alaska Co. built a can-
nery on Wingham, or Little Kayak Island, about 15 miles west from
Cape Suckling. It made a pack that year, and the following spring
was moved to Thin Point, on the southern side of the Alaska Penin-
sula.

The Peninsula Trading & Fishing Co. built a cannery on the same
island in 1889. In 1891 it was moved to one of the sloughs of the
Copper River delta, known as Coquenhena, and operated in 1891. It

was closed in 1892 and 1893. The Pacific Steam Whaling Co. oper-
ated it until 1897, when it was abandoned.

In 1916 the Hoonah Packing Co. built and operated a cannery on
Bering River.

Louis Sloss & Co., of San Francisco, built a cannery under the title

of Pacific Packing Co. in 1889 at the extreme eastern end of the
sound, close by the present site of Cordova, and called it Odiak. The
cannery was closed in 1892. In 1893 it joined the Alaska Packers
Association and was operated each season until 1905. In 1906 the
buildings and site were sold to the Copper River & Northwestern
Railroad Co., which was preparing to build a railroad from Odiak to
the headwaters of the Copper River.

In 1889 the Pacific Steam Whaling Co. built a cannery close by
the Odiak plant, but in the spring of 1895 it was moved to the spot
now known as Orca, about 3 miles north of Cordova. It was closed
in 1892, and has been operated ever since except in 1919 and 1920.
In 1901 it was taken into the Pacific Packing & Navigation Co. com-
bination. When the 1 after 's assets were sold in 1904, this cannery
was not included in the sale, as at the time the plant was under lease

t(> Capt. Omar J. Humphrey. In 1 905 it was sold to the Northwestern
Fisheries Co., which had purchased most of the Alaska plants of the
defunct compan}", and they have operated it since.

In 1915 the Copper River Packing Co. built a canner\^ on the Cop-
per River at Mile 55, and made a pack the same year. The cannery
uses no run boats, but has an arrangement with the Copper River &
Northwestern Railroad Co. to haul the fish from the fishmg stations
to the cannery, and bring the finished product to Cordova for ship-
ment by steamer. In 1918 the name was changed to the Abercrom-
bie Packing Co.

11312°—21 4
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The Canoe Pass Packing Co., which had built a cannery at Canoe
Pass, southeast Alaska, in 1912, and had not operated it subse-
quently, in 1915 moved the machinery to Cordova and installed it in

a rented building and made a pack. It built its own cannery at

Shepard Point, near Cordova, in 1917.

In 1916 the Carlisle Packing Co. built a cannery at Cordova, while
the Clark-Graham Co. built one at Eyak, a few miles away.
In 1917 the following new canneries were operated: Valdez Pack-

ing Co., Valdez; Copper River Packing Co., Port Nellie Juan; Light-
house Canning Co. and Moore Packing Co., Cordova; and San Juan
Fishing & Packing Co., Seward. The latter plant was also equipped
for freezing salmon and other fishes. The Lighthouse Canning Co.
was canning clams in 1916, the first year of its operation. The Alaska
Sea Food Co. took over the Turner cannery, which had been built in

1916 and used in packing clams. The plant was destroyed by fire on
April 4, but was rebuilt the same year, although not operated with
salmon until 1918.

A number of salmon salteries v/ere started in Prince William Sound
after 1915. Charles Matthews in 1916 operated a salmon saltery at

Seward; The Kenai Fishing & Trading Co. in 1916 acquired the J.

Bettles saltery on Eshamy Bay. In 191 8 the company expanded into

a canning plant. A. C. Hoodenpyle operated a saltery at Port Wells
in 1918.

In 1919 the follov/ing new canneries were started: Franklin Pack-
ing Co., Port Ashton; and Pioneer Packing Co., Cordova (this plant
had been operating on clams for a couple of seasons). The Eyak
River Packing Co. took over the Clark-Graham Co., while the Hillery-

Scott Co. succeeded the Lighthouse Canning Co.

COOK INLET.

While this great inlet has an abundant supply of salmon, it is one
of the most difficult sections in all Alaska in which to fish successfully.

The tides and currents in the inlet are strong and treacherous, increas-

ing in height and force as its head is approached, where the tide

comes in with a bore which is extremely dangerous to small craft.

Shoals make out a long distance from shore and are continually
changing.
The fu'st cannery to be built on the inlet w^as in 1882, when the

Alaska Packing Co., of San Francisco, built one at Kasilof, on the right

bank of the Kasilof River at the mouth, utilizing the available machin-
ery from the cannery built by the Cutting Packing Co. at old Sitka
in 1878. In 1885 this cannery was sold to the Arctic Fishing Co.
In 1890 the loss of its cannery ship forced it to close that season.
In 1893 it joined the Alaska Packers Association. At the height of

the season of 1905 the plant was burned. It was rebuilt the next
spring and has been operated each year since.

The cannery of the Northern Packing Co. was built in 1888 on the
eastern side of Cook Inlet, at Kenai, at the mouth of the Kaknu
River. It was operated up to and including 1891. In 1893 it joined
the Alaska Packers Association, but has not been operated since 1 891.

In 1897 the Pacific Steam Whaling Co. built a cannery at Kenai,
but did not install the machinery and operate it until the next year.

In 1901 this cannery was taken over by the Pacific Packing & Navi-
gation Co. In 1903 the plant burned down. Upon the sale of it
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assets in 1005 the site passtrd to the Northwestern Fisheries Co. In
1910 the company put up a new plant h<'re and has operated it con-
tinuously since. During the period when the site Wiis unused a mild-
cui'ing estahlishm<int was op(>rated here by the San Juan Fishing &
Packinjj; Co. in 1907 and 1908. This plant burned doA\ni just before
the lishing season of 1916 began, but was rebuilt in time to operate
in 1917.

In 1890 Greorge W. Hume, of San Francisco, built a cannery at
Kasilof, on the right bank of the river, about half a mile above its

mouth. It was operated in 1890, 1891, and 1892. In 1893 it joined
the Alaska Packers Association and was consolidated with the plant
of the Ai'ctic Fishing Co.

C. D. Ladd operated a saltery on the left bank and at the mouth of
the Chulitna River, about 6 miles above Tyonek. This saltery was
purchased by the Alaska Salmon Association in 1899. The follow-
ing spring it erected a cannery hero and made a small pack. It was
operated also in 1901 and 1902, and then abandoned.

In 1907 J. A. Herb(^rt & Co. established a saltery at English Bay
and operated it until 1910.

In 1911 the Seldovia Salmon Co. built a cannery at Seldovia and
operated it until late in 1915, when the company went into the hands
of a receiver. In 1916 it was reopened by the Columbia Salmon Co.
In 1917 it was bought by the Northwestern Fisheries Co. and oper-
ated in this and the succeeding year, but was closed in 1919.
In 1912 the Fidalgo Island Packing Co., which already operated a

cannery at Ketcliikan, in southeast Alaska, built a cannery at Port
Graham, at the lower end of the Kenai Peninsula. A pack was made
that year and each ycox since.

The same year Libby, McNeill & Libby built a cannery at Kenai
and operated that year and each subsequent year.

In 1915 the Deep Sea Salmon Co., which operates a cannery in

southeast Alaska, bidlt a plant near Knik, on the west side of Cook
Inlet, and made a small pack. This plant was abandoned at the end
of 1917 and part of the equipment sold to a new plant in southeast
Alaska.

Of recent years considerable salting of salmon has been carried on
in Cook Inlet. In 1916 Dr. Knut A. Kyvig, of Anchorage, did some
salting at Swanson Creek, Turnagin Arm, under the name of the
Kyvig Packing Co. In 1917 the Beluga Whaling Co. salted salmon at

Beluga, In 1918 Dr. Kyvi^ disposed of his interest in the Kachemak
Bay plant to the Kachemak Canning Co.

AFOGNAK ISLAND.

Afognak Island lies to the northwest of Kodiak, and it is separated
from it by a narrow strait.

In 1889 the Royal Packing Co. built a cannery at the head of

Afognak Bay and operated it in 1889 and 1890. It became a mem-
ber of the Alaska Packers Association in 1893. It has not been
operated since 1892.

The Russian-American Packing Co. in 1889 built a cannery imme-
diately above that of the Royal. It was operated in 1889 and 1890.

In 1893 it became a member of the Alaska Packers Association. It

has not been operated since 1890.
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In accordance with an act of Congress approved March 3, 1891, the
President, by proclamation of December 24, 1892, set aside the whole
island and within 1 mile from the shores thereof as a fish-cultural

reserve for the use of the United States Commission of Fish and Fish-
eries. As a result of this action both canneries were forced to move
from the island entu-ely.

KODIAK ISLAND.

This island has been the scene of some of the best fishing in Alaska.
The Russians early settled here, one of the most fertile spots in the
usually sterile soil of Alaska, and undoubtedly they must have
prosecuted the fisheries from an early date, although but little data
are extant showing their operations in this line.

Karlnlc River and Lagoon.—One of the greatest salmon streams in

the world is the Karluk River, and although its importance is much
diminished now through long continued and heavy fishing, it still

produces annually a large pack of canned-salmon, and has the dis-

tinction of having produced more salmon than any other river in

Alaska.
It will doubtless surprise most readers to hear that the river

which has yielded so many countless thousands of salmon is only

16§ miles in length. It has its source in two lakes, the larger of

which is about 8, the smaller, 3 miles long. The mouth of the river

is about 2 miles above the canneries, and spreads out here into a
lagoon. This lagoon has at the head a width of about 300 yards, and
gradually widens until it is nearly half a mile across as it approaches
the spit. The lagoon has a general east and west direction, is about
2 miles in length, and, except for the shingle spit which is thrown
across its mouth by the action of the sea, its shores are bluff, rising

from about 50 to 100 feet. The spit is three-fourths of a mile long
with an average width of about 200 feet. The outlet of the lagoon
is only 90 feet wide at its mouth. The western side of the mouth of

the lagoon is Karluk Head, a precipitous mountain mass about 1,600
feet high.

The outer side of the spit is where the fishing is carried on. Haul
seines are used exclusively. As bowlders used to be common here
it was necessary to remove a number of them in the early days when
a seine shore was to be prepared. The red salmon run here is an
exceptionally long one, the season extending from about the middle
of June to about the middle of September. The other species of

salmon also run here; sometimes humpbacks appear in large numbers.
As the beach is open to Shelikof Strait, in which storms are frequent,

seining is often interrupted.

As early as 1867 the salting of salmon was carried on at Karluk.
In 1870 the Alaska Fur Trading Co. and the Alaska Commercial
Co. began to salt salmon and continued this on a gi-adually expanding
scale.

In 1882 Smith & Hirsch, who had been engaged in salting on
Karluk Spit, built the fu'st cannery on Kodiak Island. After opera-
ting it until 1884 it was organized under the title of the Karluk
Packing Co., and packed under that name every year until 1911,

when canning operations were transferred to the new cannery in

Larsen Bay. In 1893 it joined the Alaska Packers Association.
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The Itodiak Packing Co. in 1888 built a cannery on the eastern
side of the spit and operated it in 188S, 1889, 1890, 1891, and 1893.

It joined the Alaska Packers Association in 1893, but has not been
operated since that season.

The Hume Packing Co. built a cannery on the spit about 400 yards
westward of Kodiak cannery in 1889. In 1892 it was consolidated
with the Aleutian Islands Fishing & Mining Co., which had built a
cannery about 100 yards westward of the Hume cannery in 1888.
In 1893 the consolidation became a member of the Alaska Packers
Association. This plant was not operated in 1900.

In 1888 the Alaska Improvement Co. built a cannery on the left

bank of the outlet, opposite the point of the spit and facing the
Shelikof Strait. It was ready to pack in 1888, but was not operated
on account of the loss of its cannery ship, the Julia Ford. In the
spring of 1897 it was sold to the Alaska Packers Association and has
since oeen operated by that company.

In 1893 the Hume Canning & Trading Co. built a cannery on the
beach under Karluk Head, about three-fourths of a mile northward
of the Alaska Improvement Co., in what is known locally as Tangle-
foot Bay. It was operated in 1893 and 1894, and in 1895 it was sold

to the Alaska Packers Association and operated by that company.
It has been closed since.

The great increase in the number of canneries in Alaska in 1888
and 1889 caused such an enlargement of the ])ack that the markets
became glutted, and it was soon apparent that steps would have to

be taken to reduce the output if the operators were to avbid bank-
ruptcy.

Capt. Moser in "Salmon and Salmon Fisheries of Alaska"" thus
describes the attempts of the canners to find a working solution of

this important problem and the final result of their endeavors:

In 1800 the three canneries at Chignik combined under an operating agreement
known as the Chignik Bay Combination, under which the plant of the Chignik Bay Co.
was operated , the three canneries sharing the expense and dividing the output equally.
This arrangement remained in force during the seasons of 1890 and 1891. Its evident
success in 1890 probably led to the local combinations on Kodiak Island in 1891, and
then to the association which now exists.

The large packs during this period and tlxe glutted market caused the cannery inter-

ests to devise some scheme to meet the conditions. The combination at Chignik in
1890 permitted the pack to be made there at a lower rate and, as previously stated,

it was continued in 1891. The same year (1891) the canneries at Karluk, Uyak, and
Afognak entered a combination, under the name of the Karluk River Fisheries, under
which it was agreed that each cannery should have a quota of fish from the several

localities, based upon the average packs of each cannery in 1889 and 1890. The
estimated pack for the canneries interested was placed at 250,000 cases, and upon this

estimate the apportionment of the work at each cannery was made. Under this
agreement four of the eight canneries were closed, their quota being packed in the other
four canneries as follows, viz, that of the Royal at the Karluk, of the Arctic at the
Kodiak, of the Aleutian Islands at the Hume, and of the Russian-American at the
Alaska Improvement.

In the summer of 1891 the Kodiak Packing Co. and the Arctic Packing Co., both
at Alitak Bay, also had a mutual agreement under which only one cannery, the Arctic,
was operated, the quota of fish of the Kodiak being packed in the Arctic cannery.
By these combinations the full pack of the Karluk district was made in half the number
of canneries and the expense of packing very considerably reduced.

In September, 1891, the Alaska Packers Association was formed to dispose of the
unsold salmon of that season's pack (some 363,000 cases) and five trustees were ap)-

1 The Salmon and Salmon Fisheries of Alaska. Report of the Operations of the U. S. Fish Commission
Steamer Albatrnsx for the Year ended June 30, 1S9S. By Jefferson F. Moser. Bulletin, U. S. Fish Com-
mission, 1898 Vol. XVm, pp. 18-21. Washington, 1899.
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pointed to manage the business. This association was not incorporated and expired

after the salmon were sold.

The successful operation of these arrangements led, in 1892, to an arrangement in

which nearly all (31) of the canneries joined, entering under the name of the Alaska

Packing (not Packers) Association, for the purpose of leasing and operating and
therefore controlling the canneries and reducing the Alaska pack for that year, it

being found too great for the market's demands. All the canneries in operating

condition in 1892 were members of this association except the following: Metlakahtla

Industrial Co., at Metlakahtla; Boston Fishing & Trading Co., at Yes Bay; Baranoff

Packing Co., at Redfish Bay; Chilkat Canning Co., at Pyramid Harbor; Alaska

Improvement Co., at Karluk; and the Bering Sea Packing Co., at Ugashik.

The association was regularly incorporated on January 13, 1892, and shares were
distributed on the basis of 1 for each 2,000 cases packed in 1891, and the profits were

divided equally on all shares, regardless of the amount of profits derived at the differ-

ent points. Of the 31 canneries, 9 were operated by the association, while the others

were closed, the Alaska pack being reduced one-half.

The year 1893 found the Alaska Packers Association organized and incorporated

February 9. This association was formed from the canneries that had joined the

Alaska Packing Association of 1892, except the Pacific Steam Whaling Co., at Prince

William Sound, and the Peninsula Trading & Fishing Co., the latter's cannery

having been moved from Little Kayak Island to the Copper River delta in 1891.

The"agreement of 1893 was similar to that of 1892, except that the amount of profit

was taken into consideration in addition to the probable average quantity which

could be packed at the different points. This was subject to adjustment for each

district, and no arbitrary rule was followed. Each cannery entering the association

was obliged to purchase an additional amount of stock, equaling two-thirds of the

number of shares received by it for its plant; that is, a company which received 1,500

shares for its plant was required to purchase 1,000 shares additional. The money
received from this sale of extra stock was used as working capital. No shares were

Bold to the general public, the owners of canneries subscribing for the full amount.

This association was then and is now (1920) the Jargest operator

in Alaska, and, with its tliree canneries on Puget Sound, is also a

factor in that region.

At a number of its canneries the association has always main-

tained physicians, whose services and supplies have been free to its

own employees and to all natives applymg for medical advice and
medicines. This service has been of incalculable benefit to the latter,

a large proportion of whom suffer from disease in some form or other.

No canning has been done at Karluk since 1911, when a new can-

nery was built at Larsen Bay, a branch of Uyak Bay, and the equip-

ment remaining in the plants on the spit removed to it. This was

done because frequent storms had caused havoc to vessels anchored

in the open straits opposite the mouth of the lagoon. Since then

fishing has been carried on as usual, the fish being carried to the

canneries on Uyak Bay. The Alaska Packers Association and
Northwestern Fisheries Co., the only operators now, have an agree-

ment to divide the fish on the basis of seven. to the former for every

three given to the latter.

Alitalc Bay.—Aiitak Bay, or the "South End," as it is termed

locally, is a deep indentation, with several arms, on the south-

western end of Ivodiak Island, about 65 miles from Karluk, The
seine is the principal apparatus used here.

In 1889 the Arctic Packing Co. built a cannery in the southwest

bight of Olga Bay, which is a branch of Mitak Bay and is connected

with it by a lon^, narrow passage. In 1893 it entered the Alaska

Packers Association.

In 1889 the Kodiak Packing Co. built a cannery at Snug Harbor,

a cove in the passage coimecting Olga Bay with AUtak Bay, and op-

erated it in 1889 and 1890. Its quota of fish was packed by the
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ArctK' Parking Co. in 1S91. Tn 1S93 it joined the Alaska Packers
Association and the same yonr was disniaiitlod.

In 1918 the Ahtak Packing Co. built a cannery on Alitak Bay.
Uyak Bay.—Uyak Bay is on the northwestern side about the

middle of Kodiak Island and is a considerable body of water with
ramifying arms. On the western shore, near the entrance and about
18 miles from Karluk, is Uyak Anchorage. The harbor is formed by
the main shore of the island and Bear and Harvester Islands, and is

frequently used as an anchorage by cannery ships and the steamers
from Karluk during bad weather. As there are no red sahiion

streams in Uyak, fishing is carried on elsewhere. Most of it is at

Karluk Spit.

In the spring of 1897 the Pacific Steam Whaling Co. and ITume
Bros. & Hume built canneries on the main shores at ITyak Anchorage.
In 1901 both plants became a part of the Pacific Packing & Naviga-
tion Co. and were operated by it. In 1905 the Uyak plants were
purchased by the Northwestern Fisheries Co., and the same year one
of the plants was destroyed by fire and was not rebuilt. The remain-
ing plant has been operated each year since.

Five miles southeast from Uyak Anchorage is a narrow arm "called

Larsen Bay. It is 4 miles long. Immediately mthin the entrance
on the northern shore is the site of the cannery of the Arctic Pack-
ing Co., which was built in 1888, and operated m that year and 1889
and 1890, since which date it has been closed. In 1893 it became a
part of the Alaska Packers Association and in 1896 it was dismantled.
As the association had lost several ships while loading at Karluk,

it finally decided to move its plants from that place, and in 1911 a
cannery was built at the old site on Larsen Bay, and from that time
all cannery operations formerly carried on at Karluk have been per-

formed at this plant.

Uganuk Bay.—This bay is next to the eastward of Uyak. For
several years a saltery was operated here by Oliver Smith, who sold
it to the Alaska Packers Association in 1896. The same year the
latter built a cannery on the bay. It made a pack in 1S96 and a
partial pack in 1897. This cannery was abandoned in 1900.

Kodiak.—Salting operations have been carried on at this old

Russian settlement for a number of years.

In order to furnish work for the natives, the Alaska Commercial
Co. and Blodgett & Blinn salted the catches made by them in 1906
and subsequent years until 1912, when the Kodiak Fisheries built a
cannery and has operated it each year since.

The Woman's American Baptist Home Missionary Society had
carried on a home and school for native children on Wood Island,

close to Kodiak, for some years. In 1902 the society established a
salmon salter}'^ here in order to furnish employment for the natives.

No data are recorded in the official reports of further activities on
the part of this plant.

CHIGNIK BAY.

Chignik Bay is on the southern side of. the Alaska Peninsula and
is the first important indentation after leaving Cook Inlet on the way
to the westward. The bay is about 150 miles southwest of Karluk.
On the westward side of the bay is a small deep bay known as Anchor-
age Bay. Several of the canneries are located here, and the trans-
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porting vessels of all the canneries make their anchorage at this

point. In the extreme southwest corner of Chignik Bay is the
entrance to Chignik Lagoon. At the head of this lagoon, from
which all the canneries draw their supplies of red salmon, is the
mouth of the stream up which go the schools.

Chignik liiver is about 6 miles long, with an average width of 100
yards, and its depth is such that a boat can ascend onl}^ at high
water. It has its rise in two lakes, each about 10 miles long
Red salmon predominate in the runs, although all five species are

to be found. A run of very small red salmon, weighing about 2
pounds, and known as Arctic salmon, appears here every year.

Practically all of the fishing here is with traps, although gill nets
and seines have also been used at times.

This bay, next to Karluk Spit, has been the scene of more bitter
fights for supremacy in canning than any other place in Alaska.

In 1888 the Fishermen's Packing Co., of Astoria, Oreg., sent a party
to Chignik Bay to prospect for fish, and they returned in the fall with
2,160 barrels of salt salmon.
The next year, this company, operating under the name of the

Chignik Bay Co., built a cannery on the eastern shore of the Lagoon,
2\ miles from the entrance.

The same year the Shumagin Packing Co., composed of capitalists

from Portland, Oreg., and the Chignik Bay Packing Co., of San
Francisco, built and operated canneries close to that of the Chignik
Bay Co. All three of these companies soon arrived at a working
agreement and finally combined into one organization. All were
operated in 1889, 1890, and 1891. In 1892 they all joined the pool
of the Alaska Packing Association, and the cannery of the Chignik
Bay Co. alone operated. In 1893 they all became members of the
Alaska Packers Association.

Since 1891 only the cannery of the Chignik Bay Co. has been oper-
ated. The Shumagin building has been moved alongside the former
and the machinery consolidated, so as to form practically one large
cannery.

In the spring of 1896 Hume Bros. & Hume built a cannery on the
eastern side of Anchorage Bay and made a pack that year and m
1897.

The same spring the Pacific Steam Whaling Co. built a cannery
one-foui'th of a mile south of the Hume cannery, and made a pack
that year and in 1897. In 1901 this plant, also that of Hume Bros.
& Hume, became part of the Pacific Packing & Navigation Co. The
failure of this company in 1904 threw its properties onto the market
and most of them, including the two Chignik canneries, were pur-
chased by the Northwestern Fisheries Co., which in 1905 shut down
the Hume Bros. & Hume plant for good and has operated the other
plant ever since.

In 1910 the Columbia River Packers Association built and operated
a cannery on Anchorage Bay, and has operated it every year since.
The three companies operating here have an amicable agreement

under which they each operate the same number of traps and divide
equally the salmon caught.
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AI.ASKA PENINSULA, SOUTH SIDE.

Oznnoy.—In 1S89 a cannery, undor tho title of the Western
Alaska Packing Co., was built at Ozcriioy, on tho western side of

Stepovak Bay, south side of the Alaska Peninsula. It packed that

year and in 1890, but the fish were so scarce that the cannery was
dismantled hi 1891 and the site abandoned.

Nothing was done with it for some years, but about 1905 Bostrop
Omundsen located there and estaV)lished a saltery. In the winter of

19 12-1 3 August Lindquist purchased a half hiterest in the plant and
it was operated under their joint names until the death oi the sen-

ior partner in the fall of 1915; shice then it has been operated by
Lindquist alone.

Thin Point.—Thin Point is on the southern side of the Alaska
Peninsula, near its extreme western end. A saltery was operated

here for several years, until the Thin Pohit Packing Co. was organized

by I^ouis Sloss & Co., of San Francisco, and the cannery was built

hi 1889. It w^as operated in 1889, 1890, and 1891, and was closed

after that date. In 1890 the cannery ship Oneida, en route for this

place, struck on the Sannaks in April and nearly all of the 77 Chinese
on board w^ere lost. In 1893 the plant became a member of the

Alaska Packers Association. In 1894 the cannery was moved to

the Naknek River, in Bering Sea, and became a part of the cannery
of the Arctic Packhig Co.
The Alaska Packers Association operated a saltery at Thin Point

hi 1894, 1895, and 1896, and then abandoned the place.

The cannery of the Central Alaska Co. was moved m 1890 from
Little Kayak Island, near Katalla, to Thm Point. It operated
during 1890 and 1891, was closed m 1892, and in 1893 jomed the

Alaska Packers Association, but was no longer operated. In 1895
the available machinery was moved to Koggiung, on the Kvichak
River, in Bering Sea.

In 1908 Osmund & Andersen established a salter}^ at Thin Point
and operated it in 1908, 1909, and 1910.

In 1911 the Pacific American Fisheries built a cannery at King
Cove, on the south side of the Alaska Peninsula, a few miles east oi

Thin Point, and in the fall purchased the saltery. The cannery was
operated m 1911 and each year smce.

In 1917 the Pacific American Fisheries built and operated a new
cannery at Ikatan, on Isanotski Strait, at the eastern end of Unimak
Island. The Sockeye Salmon Co. built and operated in the same
year a new cannery on Morzhovia Bay, a few miles from the strait,

and on the Alaska Peiunsula. In 1920 the latter was moved to the
Unimak Island side of the strait.

SHXTVIAGIN AND SANNAK ISLANDS.

Small salteries have boon operated at different places on the Shu-
magin and Sannak groups. The plants have usually been rude and
primitive affairs and w^ore operated whenever the price of salted

sahnon was high enough to justify same. As tho ownership, and the

location in many instances changed frequently, no attempt has been
made even to list them.

In 1920 the Shuniagin Parking Co. installed the necessary machin-
ery in its saltery and put up a pack of canned salmon.
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BERING SEA.

Bristol Bay.—The great redfish producing section of the world is

in the Bristol Bayjportion of Bering Sea. This bay lies in the eastern
section of Bering Sea, inside of a line drawn from Port Moller to Cape
Newenham, and a number of important rivers debouch into it, in all

of which the annual runs of salmon, especially reds, are important.
Bristol Bay is considerably off the line of steamship travel, and as

a result the companies operating here are compelled to have ships in

which to bring up their employees and supplies in the spring and to

take back the men and prepared products in the late summer or

early fall when the season has ended.

Cannery ships belonging to the Nushagak plants are taken into the
bay and anchored as near the canneries as jDossible. Owing to shoals

this can not be done on Kvichak Bay and the Naknek and Ugaguk
Rivers. In the early days of the fisheries the ships running to the
latter canneries were brought as close to the plants as possible, un-
loaded by moans of scows, and then taken to the Nushagak for shelter.

When their numbers were too great to permit of this they were
moored in the open about 5 miles off the point separating Kvichak
Bay and Naknek River, where the anchorage is good and the vessels

have very little trouble in riding out storms. Usually the captain

and a boy are left aboard the ship.

NUSHAGAK RIVER AND BAT.

The Nushagak River, sometimes called the Tahlekuk, with its

tributaries, and the Wood River, which enters the head of Nushagak
Bay close by the mouth of the Nushagak, form a favorite resort of

the red salmon, while all other species also ascend them.
But little is known of the upper courses of the Nushagak River,

except that thoy drain the region between Lakes Clark and Iliamna
on the east and the Kuskokwim on the west.

The river is said to be 200 miles long to the first lake, a large one.

Beyond tliis lake there are three other smaller lakes, all connected
by short stretches of river. The largest tributary of the river is the

Malchatna, which enters it about 100 miles from the mouth. There
are also Severn 1 small tributaries, two of these being Tikchik River
and Portage Creek. There are three or four Indian villages on the
Nushagak, Kaknak bemg the largest. A lamich drawing 3 to 3i feet

of water can navigate about 120 miles from the mouth. It is neces-

sary to use a "bidarka" to go into the upper reaches. There are four

rapids, around which a portage must bo made in each case.

The river on its lower course is large, and flows a great quantity of

water into the head of Nushagak Bay.
Wood River is about 24 miles long from its mouth to the first lake.

Shoals and bars are frequent in the river, the depth on these at low
water being 2h feet and at high water 4 feet.

Aleknagik Lake, the first of the cham of three, is about 24 miles

long, and has an average width of about 2 miles.

Wood River is noted especially for the interesting counting exper-

iment the Bureau of Fisheries is carrying on here. This very im-
portant work was first taken up in 1908, as an indirect result of the

order closing Wood and Nushagak Rivers to the commercial fisher-
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men, as noted holow, and has heon continued, with tlie exception of

1914, to the present time. This work is made possible ])j the gen-
erosity of the Alaska Packers Association of San Francisco and the
Alaska-Portland Packers Association of Portland, Ore<]j., who furnish

the material and erect tlve barricade, also the labor needed throughout
the season, while the Bureau of Fisheries furnishes the personnel
required to carry on tlu^ direct work of counting the fish and making
other observations.

A rack or trap is constructed across the foot of Lake Aleknagik, at

a constriction in the lake contour something more than 200 yards
wide, for the purpose of intercepting all salmon entering the lake and
passing them through gates or tunnels at such a rate and in such a

manner that an aceui'ate estimate of their numbers can be obtained.
The pot of the trap is located near the left bank, and this has throe

gates by wliich the salmon can be passed from the pot into the lake
Each gate is 2 foot in width, and its bottom rests on a wooden plat-

form covered with white oilcloth, so that the fish can readUy be seen
as they pass over it when the gate is raised. When fish are passing
through a gate a small wooden frame witli a ^lass center is arranged
so it ^vill float on the water, and in order to hold it in position it is

fastened to the framework of the gate. This is for the purpose of

making the water smooth so the fish can readily be seen even though
the surface be disturbed by ripples, etc.

When the fish are coming rather slowly, every one is counted by
means of a tally register as it passes out thi'ough the gates. When the
largo run comes the following method is employed: An actual tally

of every salmon passing through is made for one minute, and this is

repeated 15 minutes later, the number passing through for 1 mmute
bemg regarded as the average for 15 minutes. A sheet witli the whole
day divided into quarter hours is kept ready at the gate and the
number for one minute as taken from the tally register is immediately
entered thereon by the attendant who made the tally. From these
figures the total for the day is obtained. During only a small part
of the season has it boon found necessary to resort to this method of

estimating the rmi.

The following table shows for each year since 1908 the commercial
catch of salmon made in Nushagak Bay, the number of fish passing
from Wood River into Lake ^Ueknagik, the total of both and the per-
centage of salmon that escaped the fishermen

:

Year.
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Snake Kiver, a tributary of Nushagak Bay, is about 30 miles in

length, very crooked, and has its rise in a single lake close by x\lekna-

gik Lake. There is an Indian village on the river just below the lake.

Red salmon are abundant in this stream.
Igushik River is about 50 miles in length and enters Nushagak Bay

about 4 miles above Nichols Hills. So far as known it has its source
in two. lakes—Amanka and Ualik. A short distance below the first

lake there are rapids and a small falls. The quite large Indian village

of Yacherk is located here, and the natives do most of their fishing m
the rapids. Peter M. Nelson established a saltery about 10 or 12

miles above its mouth in 1902, and operated it until he sold it to the

Alaska Fishermen's Packing Co., wHo have operated it since. There
is a small Indian village close by the saltery.

Nushagak Bay, in which practically all the fishing is carried on,

is about 35 miles long and from 5 to 15 miles in width. Sand bars

and mud flats, which are visible at low water, occupy the greater

part of its area.

The drift gill net is the favorite apparatus in this bay, although a

few traps are also used. The fish begin to run very early here.

Kings usually appear about June 5, reds about June 5 to 8, cohos
either late in June or early in July, dog salmon about the middle of

June, and humpbacks about the same time. The reds do not run in

large numbers until late in June.
Considerable fishing was carried on in both the Nushagak and

Wood Rivers until in 1908, when, as a result of a hearing held by
the Secretary of Commerce and Labor on December 16 and 17, 1907,

it was decreed that beginning January 1, 1908, "it is hereby ordered
that until further notice Wood River, a tributary of Nushagak Bay,
in the district of Alaska, and the region within 500 yards of the

mouth of said Wood River be closed to all commercial fishing, and
that all commercial fishing be prohibited in Nushagak River proper."

The earliest fishing by whites in the Bristol Bay section was for

salting purposes by the trading companies, more particularly the

Alaska Commercial Co., which had an important station at Fort
Alexander on Nushagak Bay. Petroff, in the census report of 1880,

refers to exports from this section of "from 800 to 1,200 barrels of

salted salmon per annum from the Nushagak River."
In 1883 the schooner Neptune visited the Nushagak on a salting

trip. The next year the Arctic Packing Co. erected a cannery here
and made a trial pack of 400 cases. This was the first cannery to

operate in Bering Sea. It was located close to the Moravian mission.

This cannery eventually became a member of the Alaska Packers
Association, and has not been operated for several years.

The second cannery to be built was by an Astoria company, the
Alaska Packing Co., and it was erected on the western side near the
head of the bay and about 1^ miles below the junction of the Wood
and Nushagak Rivers. It has been operated every year to date,

being since 1893 a member of the Alaska Packers Association. It is

popularly known as the "Scandinavian" cannery.
In 1886 the Bristol Bay Canning Co. was organized by San Fran-

cisco parties, and built a cannery on the western shore of Nushagak
Bay in a bend about 2 miles below the cannery of the Alaska Packing
Co., at a place called Dillingham. It became a member of the Alaska
Packers Association in 1893 and was operated each year until 1907.
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A couple of voars lator it was dismantled. This plant was popu-

larly known as the "Bradford" cannery.

Tlie Niishap;ak Canninp; Co. built a cannery on the eastern shore

of Niishagak Ray in 188S, at a place known as Clark Point, 5i miles

below Fort Alexander. This cannery also became a member of the

Alaska Packers Association in 1893, but from 1891 to 1901 was not

operated, but held in reserA'o. In the last-named year a large double

cannery was built here and put into operation and has been operated

each year since.

This company also built and operated a saltery on the Igushik

River in 1886. Three years later it was moved to the mouth of the

Nusliagak. In 1893 C. E. Whitney & Co. purchased an interest in

it and by 1899 owned it all. In 1902 the saltery was sold to the

Alaska Packers Association, which closed it down.
In 1899 the Pacific Steam Whaling Co. built a cannery and com-

menced canning on the eastern shore of Nushagak Bay at Fort Alex-

ander, or Nushagak village. This cannery was purchased by the

Pacific Packing t^ Navigation Co. in 1901. and upon the sale of its

properties in 1904 became a part of the Northwestern Fisheries Co.

It has been operated each year since the latter company acquired it.

The same year the Alaska Fishermen's Packing Co., of Astoria,

built a cannery immediately below that of the Pacific Steam Whaling
Co., and operated it every year to date, control of the company
passing to Libby, McNeill & Libby in 1913.

In 1901 the Columbia River Packers Association, the Alaska-
Portland Packers Association, and the Alaska Salmon Co. all built

canneries on the Nushagak and have operated them to date, except
the last named in 1909, when its supply sliip was wrecked. The
Alaska Fishermen's Packing Co. also built a saltery here. The
latter plant was abandoned in 1904.

In 1903 the North Alaska Salmon Co. operated a new^ cannery on
the Nushagak, a few miles below Clark Point.

In 1910, on August 10, shortly after the packing season had ended,
the plant of the Alaska-Portland Packers Association was completely
destroyed by fire. The plant was rebuilt in time to operate the next
season.

KVICHAK RIVER AND BAY.

The Kvichak River is about 80 miles in length, varies from 100

yards to a mile in v.ddth, and discharges a vast quantity of water
The influence of the tide is felt 30 miles from the mouth. The cur-

rent is very swift, running in places as much as 7 miles an hour.

The upper half of the river is filled wath low, grassy islands, the
channels in many places being quite narrow. A launch drawing 3

feet of water can reach Lake Tliamna with very little difficulty. In
most sections there are over 2 fathoms of water in the channels. The
river drains Iliamna Lake, the largest lake in Alaska, which is about
90 miles long and about 30 miles wide, and Lake Clark. There are a

number of Indian villages along the shores of the river and lakes.

Practically all of the fishing here is carried on in Kvichak Bay,
gill nets being the only form of apparatus in use. As it is not con-

venient for the fishermen to take the catch to the canneries, large

house lighters and scows are moored in convenient places and the

fishermen live aboard the former, while the fish are put aboard the
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latter and taken to the canneries by the run boats. The numerous
shoals in the bay seriously impede both fishing and navigation.
The first fishing operations on the Kvichak were in 1894, when the

Prosper Fishing & Trading Co. and the Alaska Packers Association
each established a saltery and operated that year and in 1895; in

1896 the latter purchased the plant of the former and consolidated
the two.

In 1895 the Point Roberts Packing Co., which was owned by the
Alaska Packers Association, built a cannery at Koggiung, the site of

the former saltery, and operated it the next year.
In 1900 there was a considerable development in this region. The

Kvichak Packing Co., owned by the Alaska Packers Association,
built a cannery on the northern point of entrance to Bear vSlough,

while the North Alaska Salmon Co. built two canneries about 1,000
feet apart on the left bank of the Kvichak, about 6 miles above
Koggiung.
The latter company built a cannery at Hallerville on the Lockenuck

River, a tributary of the Kvichak, in 1904. In 1913 a large new can-
nery to take the place of the Hallerville plant was built on the lower
side of Pedersen Point, lower down on Kvichak Bay. In 1916 all

the plants of this company were purchased by Libby, McNeill &
Libby and have been operated by that company since.

The second plant of the Alaska Packers Association, known as the
Coffee Creek plant, was burned down in 1906. It was rebuilt in 1908
and operated again in 1909, and has been operated continuously
ever since.

In 1904 the Union Packing Co. established a cannery on the left

bank a little distance above the canneries of the North Alaska Salmon
Co., having moved this plant from its original location on Kell Bay,
in southeast Alaska. It was operated until 1907, when it was aban-
doned.
About 1905 the Northwestern Packing Co. built a saltery on the east

side of the bay. In 1908 it was sold to and operated by Nelson,
Olsen & Co., who in 1910 sold it to the Alaska Fishermen's Packing
Co., which the following year turned it into a cannery. In 1913
Libby, McNeill & Libby bought this and the Nushagak plant, and
continued to operate them under the old name. This cannery was
destroyed by fire in the spring of 1915. It was rebuilt and operated
in 1916.

NAKNEK RIVER.

But little is known of the Naknek River for more than 10 or 15
miles from its mouth. It is said that the river is about 60 miles
long, and has its rise in a lake which is of considerable size. With
the exception of a short series of rapids, up which it is possible to
haul a boat with a rope from the shore, the river is navigable for

small craft. Shoals and banks, many of which uncover at low water,
are abundant in the lower courses oi the river.

Red salmon is the principal species entering this river, although
all the other species are tobefomidherein lesser abundance. They
appear here a little later than in the Nushagak Bay. Only gill nets

are used in fishing.

The first commercial fishing on the Naknek River was in 1890, when
the Arctic Packing Co. built and operated a saltery on the east bank
about 4 miles from the mouth. This plant was sold to the Alaska
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Paclvors Association in 1S03. The next yenr the latter built a
cannery here, made the first pack in 1895, and has operated the can-
nery every year since. Ultimately the saltery was merged with the
cannery.

In 1901 the association built another cannery about a mile nearer
the mouth, and in 1911 still anotlier was built close to the mouth.

In 1890 L. A, Pcdersen built and operated a small saltery on the
right bank about 3 miles from the mouth. In 1894 the Naknek
Packing Co. purchased the saltery and erected a cannery a short
distance above. This saltery and another built on tlie shore of
Kvichak Bay in 1897 were operated for some years. In 1907 the
latter was turned into a cannery and operated by Mr. Pedersen under
the name of the Bristol Bay Packing Co. The Naknek Packing Co.
cannery has been operated to date.
In 1916 the Red Salmon Canning Co. built and operated a can-

nery on the river about 2 miles above the plant of the ISfaknek Packing
Co.
In 1918 the Northwestern Fisheries Co. operated a new cannery

on the river about 2 miles below the plant of the Naknek Packing Co.
In 1919 the Alaska-Portland Packers Association operated a

new cannery on the river several miles above the upper camiery of
the Alaska Packers Association.

UGAGUK RIVER.

According to the natives this river, which is frequently called the
Egegak, or Igagik, is about 80 miles long from the mouth to Lake
Becharof, at the head. The lake itself is about 45 miles long and 15
miles wide. The river is navigable for small boats to within 10 miles
of the lake, whence there is a succession of rapids, around which it

is necessary to portage. The lower part of the river has numerous
shoals, some of which are exposed at low water. King Salmon River,
the principal tributary, enters about 7^ miles from the mouth.
The red salmon is the principal species, although all the other

species are found in much lesser abundance. Gill nets alone are

used here.

In 1895 the Alaska Packers Association established a fishing sta-

tion on the right bank about 5 miles from the mouth and operated
as a saltery until 1900, when the apparatus was moved to the cannery
site.

In 1899 the Alaska Packers Association, under the name of the
Egegak Packing Co., commenced building a cannery on the left bank
opposite and a little above the salting station. This plant was finished

in 1900 and packs were made that year and each succeeding year
except 1905 and 1906.

In 1903 the North Alaska Salmon Co. built and operated a can-
nery on the opposite shore from the Alaska Packers Association, and
has operated it each year to date, of late years under the name of its

new owners, Libby, McNeill & Libby.

UGASHIK RIVER.

This river has its rise in a chain of two lakes, but with the excep-
tion of that portion below the upper cannery, about 25 miles, it is

very little kno^n to the whites. The river is very tortuous in its
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course. It has two known tributaries—King Salmon River, which
enters through the left bank about 17 miles from the bar at the mouth,
and Dog Salmon River, which enters through the left bank about 37
miles from the bar. From Smoky Point to the capes at the mouth
the river widens very greatly, being about 20 miles across at the

mouth. Shoals are numerous, but there is a channel with about 9

feet at low water. Gill nets exclusively are used here.

This river is essentially a red salmon stream, but the other species

are also taken in small numbers, although the humpback is very

scarce. This river is noted for the great falling off in the run of red

salmon of recent years, 769,002 red salmon being taken in 1901,

1,640,973 in 1902, 1,703,536 in 1903, 564,492 in 1904, 432,779 in 1905,

and 152,140 in 1906. About 1916 the run showed signs of improve-
ment and during 1917 and 1918 was excellent, but the run of 1919

was small, the same as elsewhere in Bristol Bay.
C. A. Johnson was the first man to operate commercially on this

river, having erected a saltery on the left bank, about 23 miles above
Smoky Point, in 1889, and operated it continuously from 1889 to

1898, both inclusive. This saltery was merged in the cannery of the

Bering Sea Packing Co. In 1894 Mr. Johnson established and oj)er-

ated another saltery on the right bank of the river, about 12 miles

from the bar, which he sold in 1899 to the Alaska Packers Association,

who absorbed it in their cannery plant.

The Bering Sea Packing Co., a branch of the Alaska Improvement
Association, in 1890 built the first cannery on the river, this being

located on the left bank near the first Johnson saltery. A small pack
was first made in 1891. The plant was closed in 1892 and 1893,

and as the location had proven far from suitable, it was, in 1894,

moved to a point on the left bank, about 15 miles above Smoky
Point, where it was operated until 1896. The next year it was solH

to the Alaska Packers Association. The machinery and equipment
were utilized in the latter company's cannery, and the old location

abandoned.
In 1893 Charles Nelson established a saltery on the left bank of

the Ugashik, immediately above the last site of the Bering Sea Pack-
ing Co. It was operated in 1893 and 1894, and then sold to the

Alaska Packers Association, who closed it down.
In 1893 the Alaska Packers Association also built a saltery on the

left bank of the river about a mile below the last site of the Bering

Sea Packing Co. It was operated each year until 1895, when it was
merged into the association's cannery.

In 1895 the Alaska Packers Association built a cannery^ known as

the Ugashik Fishing Station, on the right bank of the river imme-
diately above the pilot station, which is about 12 miles from the bar.

It made the first pack in 1896 and packed every year until 1907,

when it was closed. In 1906 its outfit was destroyed in the San
Francisco fire, and it was decided to operate it as a saltery, but the

burning down of the Coffee Creek cannery of the association on the

Kvichak changed the plans, and a part of the saved outfit of the latter

was sent to the Ugashik and the plant operated as a cannery.

The Bristol Packing Co. built a cannery on the left bank of the

river about 25 miles from Smoky Point in 1900. A pack was made
the same year and the plant operated continuously until 1906, when
it was shut down, and a small salting crew operated a portion of the
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pl.inl. Eventually the plant was dismantled without operating
again as a cannery.

In 1901 the Alaska Packers Association built and put into opera-
tion another cannery about 15 miles up the river from the other one.

In 1906 this plant was shut down and eventually it was dismantled.
In 1901 the Red Salmon Canning Co. also built and operated a

cannery still farther up the river and has operated it continuously
to date.

ALASKA PENINSULA, BERING SEA SIDE.

Of recent vears canneries have been locatinl on the Bering Sea
side of the Alaska Peninsula, outside of Bristol Bay proper, but it is

probable that their numbers will not be large in the future, as the
hsheries tributary to them are not very extensive, and are also very
much scattered, making transportation expensive.

Port Heiden.—This important indentation on the Bering Sea side
of the Alaska Peninsula, about midway between the Ugashik Kiver
and Port Moller, has never figured to any considerable extent in fish-

hig operations. In 1912 and 1913 Gorman & Co. had the schooner
Harriet G. located here throughout the season, engaged in salthig

salmon. The Illnik Packing Co. operated a saltery here in 1918.

Port Moller.—This great indentation in the Alaska Peninsula, be-
tween Port Heiden and Nelson Lagoon, was neglected for manj^ years
for the more profitable Bristol Bay region.

About 1902 the Bering Sea Packing & Trading Co. (there seems to
be some confusion between this name and that of the Peninsular
Packing Co., the latter being the name the company was known by
after the first year or two in the oificial records), established a saltery
on Bear River, which debouches a little east of Port Moller, and
operated it until 1906, after which operations were suspended and
but little is now left of the plant.

In 1912 the Pacific American Fisheries erected a cannery on Port
Moller, but it was not operated until 1913. This concern has been
successful mamly because of its introduction of purse seines in fishing.

In 1916 the Bering Sea Packing Co. built and operated a cannery
on Herendeen Bay, a branch of Port Moller. In 1917 two new can-
neries were built and operated here, that is, the Fidalgo Island Pack-
ing Co. and the Phoenix Packing Co. In 1918 the Bering Sea Pack-
ing Co. was taken over by the Everett Packmg Co. In 1919 all three
Herendeen Bay canneries, as a result of the exceedingly slight runs
of the two previous seasons, combined forces for the season and put
up all the fish caught at the plant of the Fidalgo Island Packing Co.

Nelson Lagoon.—Nelson Lagoon is on the Bering Sea side of the
Alaska Peninsula, is about 6 miles in length and about 2 miles in

width. At its western end debouches the Nelson River, which is

about a mile wide at its mouth. About 18 miles from the mouth the
river divides, both branches havmg their rise in lakes. There is an
easy portage from the lakes to Pavlof Bay, on the Pacific side of the

feninsula, and this route is used frequently by both white men and
ndians. The run is mainly of red salmon, ana gill nets and traps are

utilized. Durmg the last few years purse seines have been used in

this region with considerable success.

11312°—21 5



66 U. S. BUEEAU OF FISHEEIES.

In 1902 Charles Johnson, who had operated on the Ugashik River,
estabhshed a saltery here and operated it under the name of the
Lagoon Salmon Co., and made a pack that and the succeeding year.

In 1904 and 1905 it was shut down. It was reopened in 1906 and con-
tinued to operate until it was sold in 1914. In 1915 the new owners,
the Nelson Lagoon Packing Co., built a cannery here which was
oparated until 1920, when it was shut down.

Vnalask.a Island.—In 1916 the Pacific American Fisheries, having
obtained a permit from the Department of Commerce, built a can-
nery at Unalaska, on Unalaska Island. This cannery is located

inside of the Aleutian Islands reserve, and permit was given for its

building and operation so that it might be possible for the Indians of

Unalaska and Dutch Harbor to obtain work at home and save them
the loiig trip to the Bristol Bay plants. It ceased operations at the

end of the 1917 season.

KUSKOKWIM RIVER.

This, one of the great rivers of Alaska, has been but little exploited

as yet. Very little accurate data have been obtainable about the

river until witliin the last couple of years, and this relates mainly to

the bay and a few miles of the adjacent river, which the United
States Coast and Geodetic Survey has charted.

We know that the river has considerable runs of salmon, but
usually ice conditions have been such in the spring that a cannery
crew frequently could not get in in time to prepare for the run. In
1906 a salting outfit was sent here by Seattle dealers, but arrived too

late for the run of fish. The outfit was cached at Bethel.

During the last seven years some mild curing of king salmon has
been carried on here, but the lack of cold storage, both ashore and on
the vessels operatmg to and from the river, has prevented any con-

siderable development of this industry.

YUKON RIVER.

The 1918 report of the Alaska agent of the United States Bureau of

Fisheries " contains the following account of the development of the

salmon fisheries of the Yukon River:

The development of the Yukon salmon fisheries began in 1918 with the establish-

ment of a floating cannery at Andreafski. The season's operations resulted in a pack
of 13,463 cases of salmon, divided as follows: Oohos 2,661, chums 6,471, humpbacks
107, and kings 4,224 cases. In addition to this, 10,400 pounds of cohos and chums were
dry-salted. The total catch of salmon for the cannery was 115,531, of which 26,144

were cohos, 73,921 chums, 3,227 humpbacks, and 12,239 Idngs. Fishing was carried

on from the mouth of the Yukon to a point above the junction of Clear River, chiefly

in that part of the Yukon delta known as Kwikluak Pass. The fishing seasons were
as follows: Kings, Jane 26 to August 17; chums, June 28 to September 8; humpbacks,
July 7 to July 29; and cohos, August 3 to September 8, Some of the cannerymen and
others frequently refer to salmon of one kind by the name "Yukons" or "Yukon
salmon." In so doing they mean bright or fresh-run chums.
An investment of $48,000 was made in the plant. One stern-wheeler, the Martha

Clow (65 tons net), one gas boat, the Alihea (17 tons net), and three smaller power boats

were operated in connection with the cannery. Salmon were taken with 124 gill nets

aggregating 9,869 fathoms, and 6 wheels of the two-scoop pattern. Employment was
given to 169 men, 55 being fishermen, 102 slioresmen, and 12 transporters. Of these

36 were natives, 13 of whom were listed as fisliermen.

a Alaska Fisheries and Fur Industries in 1918. By Ward T. Bower. Appendix VII, Report, U. S. Com-
missioner of Fislieries, 1918, pp. 29-30. Washington, 1919.
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Stokos it Stokea operated a yinall sallery on the lower Yukon, paokinp; 15 barrels of

chum salmon. Their plant wa.-^ valued at $1,^)00. E(|uipment eoiisLstod of one
pow.T lioat and 300 fathoms of ^iH net^. They rcjwrt liavinjj; located too f<ir up tlie

river, hut l>efore another season will move to a point lower down.
Warden ('. F. Townsend reported that one Sei)ella operated a saltery on the Yukon

about 12 miles from salt water and t1)at a i)ack of 1 10 l)arrels of chums and cohos was
made. Salmon were taken witli gill nets and one wheel. Mr. Townsend also advised

that the Delta Fishing Co. was in the field in a small way.
StatLstics compiled at the close of the season of 1918 indicate that exclusive of gear

operated by the cannery and salteries near the mout!>. of tlie river, the whites and
natives on the Yukon and tributary waters used 393 fish wheels, valued at $19,G50, and
130 gill nets aggregating 3,2')() fathoms, valued at .'?;r),r)00. The estimated catch for

local requirements was 1,-100,000 salmon, wliich when dried represented approximately
700 tons of fish, valued at $140,000.

The total population of the Yukon region of Alaska, dependent in some measure on
the fisheries, was estimated late in 1918 as being 10,907, of which number 0,638 were
whites and 4,269 were natives. The number of dogs in the region was estimated at

6,183.

Prior to the season of 1918 the size of the run of salmon in the Yukon was an almost
unkno\TO quantity. The belief was expressed in some quarters that a comparatively
small run ascended its waters, but others who were interested in the commercial
exploitiition of its fisheries held the opinion that a run aggregating many millions of

salmon annually ascended the river. The necessity of maintaining the fisheries is

paramount at all times, and if it is reasonable to suppose that a serious depletion o^' the
sii]jply by unrestricted fishing seems imminent, limitations must necessarily be
imposed. " This was done on December 1!, 1918, by the promulgation of regulations

affecting commercial fishing for salmon in tlie Yukon River. The closing order which
is publislied in full on page 11 in tlds report became effective January 1, 1919.

MISCELLANEOUS PLACES.

At times small quantities of salted salmon have been packed in

Bering Sea in the neighborhood of Nome and St. Michael. In 1917

the Arctic Fish Co. operated on a large scow on Golovin Bay, near
Nome.

ARCTIC OCEAN.

Although it is kno^\^l that there are good nms of salmon in some
of the rivers debouching into the Arctic, the ice and other conditions

have deterred people from attempting to extend tlieir operations

into this region. In 1912, however, the Midnight Sun Packing Co.

built and operated a small cannery on Kotzebue Sound, in the Arctic

Ocean. A small pack, mostly of Dolly Varden trout, was made in

that and subsequent years. The plant was not operated in 1919.

BRITISH COLUMBIA.a

Fraser River.—This, the Largest river in British Columbia (over

1,000 miles in length), has been important from a fishery standpoint
ever since salmon canning was taken up commercially.

The Hudson Bay Co., the first to prepare salmon for commercial
urposes, bought the fish from the Indians and piclded them in

arrels for export, mainly to the Hawaiian Islands and Asia.

Howav,* in his work on "British Columbia," after describing

briefly the fishing operations carried on by the Hudson Bay Co. in

the Fraser River, has the following to say with respect to the develop-

a The author is indebted to Henry Doyle, of Vancouver, British Cohimbia, for practically all of the
historical data relating to the canninc industry of British Columbia, and hereby exi)resses his deep appreci-

ation for this and manv other courtesies.
6 British Columbia, "from the earliest Times to the Present. By F. W. Iloway. 4 vols.,illus. Van-

couver, 1914.
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ment of the commercial salmon fisheries and the preparation of the

catch by salting and canning on the part of the mdependents who
succeeded the company:

SALMON CANNING INDUSTRY.

No sketch of our history could be called complete without containing some reference

to the origin and development, during the early stages, at any rate, of the industry of

salmon canning.
By its charter tiie Hudson Bay Co. was granted "the fishing of all sorts of fish, whales,

sturgeons, and all other royal fislies in the seas, bays, inlets, and rivers, witliin the
premises ithat is witliin the undefined area surrounding Hudson Bay), and the fish

taken therein." Though no similar grant was contained in the exclusive license of

trade witli the Indians west of the Rocky Mountains, which was the only title the

company had in this region, yet it claimed and exercised a monopoly of the salmon
fisliing on the Fraser River.

Reference has already been made to the salmon fishery carried on by the company
at San Juan Island. In August, 1829, at Fort Langley (the name of this place has since

been changed to Derby) 7,544 salmon were obtained from the natives at a cost of £13
17s. 2d. in goods. The trade increased; in 1835 and for many years thereafter 3,000

or 4,000 barrels of salt salmon were exported, principally to the Hawaiian Islands.

With the revocation of the license in 1858 this claim of monopoly fell.

Capt. William Spring, in 1863, began salting and curing salmon at Beechy Bay.
In the following year Mr Annandale, \\dth whom Mr. Alexander Ewen was associated,

opened a salmon saltery on Fraser River. This venture was almost a complete failure

owing to the attempt to use the Scotch trap nets instead of drift nets. The former

werefound utterly unsuited to the conditions on Fraser River. When this enter-

prise failed, Mr. Ewen introduced drift nets and carried on an extensive business in

salted salmon mth the Hawaiian Islands and Australia.

The first attempt, on the Fraser River, to preserve salmon in hermetically sealed

cans was made in 1867 by James Symes. This was not a commercial effort, but a mere
experimental test to ascertain the possibility. A few cases were prepared, filled, and
cooked by boiling on an ordinary kitchen stove. The result was most encouraging.

The product was shown at the agricultural exhibition held in New Westminster in

October, 1867, and was pronounced excellent, the directors making special mention
of it.

About the same year Donald McLean established another salmon-curing establish-

ment at New Westminster. Besides salted salmon, he put up pickled salmon, salmon
boiled and preserved in vinegar, and smoked and kippered salmon.

The canning of salmon as a business was first undertaken on the Fraser by Alexander
Loggie & Co. The persons interested were Alexander Loggie, Alexander Ewen.
James Wise, and David S. Ilennessy. Mr. Wise was an experienced fisherman;

Messrs. Loggie and Hennessy had had experience in the canneries of New Bruns^^ick,

In June, 1870, these persons built, in connection A\ith a salmon saltery, the first salmon
cannery in British Columbia. It was located at Annieville, about 3 miles below New
Westminister. The cannery was a very primitive affair; the cylinders upon which
the cans were shaped were of wood covered with sheet iron ; the trays were small wooden
contri\ances holding about three dozen one-poimd cans. There was practically no
machinery ; the operations were almost entirely by hand . The fish after being put into

the cans was preserved by boiling in large wooden vats. Great difficulty was experien-

ced in thoroughly cooking the tish, the boiling point of ordinary water not proving

sufiicient; to overcome this, salt was added to the water, and by this means the tempera-

ture was raised to 230°. The room in which the cooking was performed was, in tempera-

ture like a Turkish bathroom; no windows or doors were allowed to be opened, except

of necessity, under the mistaken idea that the cold currents of air would injure the

product.
Capt. Stamp, who has been frequently mentioned in the foregoing pages, also

entered the business at the same time. His cannery was located at Sapperton, New
Westminster. He did not attempt to manufacture his cans, but obtained his supply
from Mr. Deas, a tinsmith of Victoria.

About 1873, Loggie & Co. removed their cannery to New Westminster, where in the

meantime Messrs. Lane, Pike, and Nelson had established themselves in the same
business. These latter persons conceived the plan of canning the salmon whole; the

sockeyes, being of an almost uniform size, lent themselves readily to this attempt. It

was, hovever, a failure, as owing to the great vacuum in the cans, they became much
distorted.
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In 1 872 IIoll)rook & Co. purchased a small cannery which had been
started at Sapperton by Capt. Stamp some time before, and operated

it for a few years.

In 1870 there were three canneries running, consisting of Holbrook
& Co., Ewen & Co., and the British Columbia Canning Co. (Deas
Island).

The following year this was increased by English & Co. and Fin-
layson & Lane, the lattor (|uitting after one season, boin^ succeeded
in 1878 by Lane, Pike & Nelson. King & Co., the British Columbia
cannery (Annieville), and the Delta cannery also commenced opera-

tions the latter year.

In 1879 Holbrook & Co., and Lane, Pike & Nelson dropped out,

and Haigh & Sons (succeeded in 1884 by the Bon Accord Packing
Co.) commenced operati(ms.

King & Co. were burned out in 1880, and Adair & Co., afterwards
known as the Wellington Packing Co., commenced. A year later

Laidlaw & Co. commenced operations.

In 1882 the British Union Packing Co., afterwards known as the

Ilai'lock Packing Co., commenced packing salmon. The British-

American cannery and J. H. Todd & Sons (Richmond cannery) also

began operations.

Joseph Spratt started a floating cannery, known as "Spratt's Ark,"
in 1883; he retired at the end of two j^ears. E. A. Wadhams also

began operations in 1883. In 1887 the Holly cannery was built on
Lulu Island opposite Deas Island. The high water of June, 1894,

paTtially destroyed it and the site was abandoned.
No more additic nal plants were built until Hobs( n & Co. started in

1889. The Canoo Pass Canning Co. also started the same year, as

did J. H. Todd & Sons with their Beaver cannery.
The Anglo British Columbia Packing Co. was formed in 1891, tak-

ing over the canneries formerly operated by the British Columbia
Packing Co. (old Annieville plant), E. A. Wadhams, British-American
Packing Co., Canoe Pass Canning Co., Di n an & Batchelor (Britannia
cannery), and English & Co. (Phoenix cannery).

In 1892 the Terra Nova Canning Co. began operations, and the
next year the Lulu Island Canning Co., Steveston Canning Co.,

Pacific Coast Packing Co., Canadian Pacific Packing Co., Short &
Squair, and Butimar & Dawson (at Steveston) all commenced oper-
ation.

In 1894 the Gulf of Georgia Canning Co., Dinsmore Island Canning
Co., Sea Island Packing Co., and the Fishermen's Packing Co. all

built and began to operate canneries.

The Allianco Canning Co., Atlas Canning Co., Boutiliar & Co., and
the Star Canning Co. commenced operations in 1895.

There was considerable development in 1896, when the Anglo-
American Canning Co., Eraser River Industrial Co., Hume & Co.,

Provincial Canning Co., Westham Island Packing Co., Westminster
Packing Co., and the Vancouver Packing Co. all started canning.

In 1897 the Premier Canning Co., Sinclair Canning Co., Western
Fisheries, Cleve Canning Co., Welsh Bros., C\irrie, McWilliams &
Fowler, Butimar & Dawson (at Canoe Pass), Colonial Canning Co.,

and the Eraser Canning Co, all began operating.
The English Bay cannery was added to the list in 1898, but the

Sinclair Canning Co. and Western Fisheries plants were both de-
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stroyed by fire at New Westminster and not rebuilt. The plant of

the wSteveston Canning Co. was absorbed that year by the Federation

Brand Salmon Canning Co. and the cannery renamed the "Light-

house" cannery.
In 1899 the Greenwood Canning Co., Scottish Canadian Canning Co.,

St. Mungo Canning Co., Wurzburg & Co., and Acme Canning Co. all

began active operations, while in 1900 the Great Northern Canning
Co. was the only addition to the list. In 1900 the United Canneries

(Ltd.) was formed to take over the Gulf of Georgia, English Bay, and
Scottish Canadian plants, and the Canadian Canning Co. this year

also absorbed the Star, Fraser, and Vancouver canneries. In 1901

the National Packing Co. built at Ea^le Harbor.
Like the other canning sections, British Columbia suffered in 1901

from an oversupply of canned salmon, due to the large number of

plants which had been erected and which were producing more
salmon than market could be found for. At this juncture the British

Columbia Packers Association was formed. It embraced 29 out of

the 48 plants on the Fraser River and 12 of those situated in Northern
British Cohimbia waters, Including the following plants: Ewen & Co.,

Delta, Ilarlock, Wellington, Lulu Island, Terra Nova, Pacific Coast,

Canadian Pacific, Short & Squair (Imperial cannery) , Brunswick can-

neries at Steveston and Canoe Pass, Dinsmore Island, Sea Island,

Fisherman's Packing Co., Reliance cannery. Atlas cannery, Boutiliar

& Co., Hume & Co., Anglo-American, Provincial, Westham Island,

Westminster Packing Co., Premier, Cleve, Welsh Bros., Currie, McWil-
liams & Fowler, Colonial, Greenwood, Wurzburg & Co., and the Acme
Canning Co. In 1914 the corporation style was changed to the

British Columbia Fishinoj & Packing Co. (Ltd.).

In 1902 the Fraser River Industrial cannery was sold to C. S.

Windsor; in 1905 this plant was sold by Mr. Windsor to Peter

Birrell.

In 1905 the Burrard Canning Co., Steveston Canning Co., Butimar
& Dawson, Unique cannery, and the Vancouver Fish & Canning Co.

were all built and operated. The latter was burned in the middle of

the season. The same year the Great Northern cannery was pur-

chased by McPherson & Wilkinson.

In 1906 the Great West Packing Co. cannery was built at Steves-

ton; the Nye Canning Co. operated for part of the season on False

Creek in Vancouver, and the Capital City Canning Co. Imilt a plant

at Victoria. The same year the Lighthouse cannery was leased for

the season by the Royal Packing Co.; while in the following year the

Unique cannery was dismantled.

In 1909 the Gulf of Georgia cannery was sold to M. Desbrisay &
Co.; Peter Birrell sold the Industrial cannery to the Glen Rosa
Canning Co., who have since operated it; the Lighthouse cannery was
leased for the season by Kildala Packing Co.; the Gosse-Millerd

Packing Co. purchased the Steveston Canning Co.'s plant; while the

following year the Lighthouse cannery was leased for the season by
I;ee Coy.

In 1912 the Lighthouse cannery was sold to C. S. Windsor and asso-

ciates. The Scottish-Canadian cannery was also sold to C. S. Windsor
and associates, by whom it was operated under the name of the

Scottish-Canadian Canning Co. until 1914.
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In 1013 the Groat Northern cannery was leased for the season to the

English Fisheries (Ltd.), while in the follow ini; year the Gosse-

Millerd Packing Co. bought the Vancouver and Fraser canneries

froni the receiver of the Canadian Canning Co. The Jervis Inlet

Canning Co. acquired the Lighthouse cannery the same year.

The Scottish-Canadian cannery was acquired in 1915 by the

Graham Co., while the Great Northern cannery was sold to the

Defiance Packing Co.

In 1916 a new cannery was built at Liverpool, South Westminster,
by the Liverpool Canning Co.

In 1917 the Gosse-Millerd Packing Co. purchased the Star cannery
which hud been lying idle since 1913; the Booth Fisheries Co. leased

the Scottish-Canadian cannery for the season. They held an option

to purchase same, but did not exercise it, and the plant has since been
closed down. The Clifl-Lowman Packing Co. acquired the Light-

house cannery from the Jervis Inlet Canning Co.

In 1918 the Canadian I''ishing Co. built at Vancouver, and while

their plant is not on the P>aser River it is classed in that area, as

its pack will be largely secured from Fraser River fish.

Early in the spring of 1919 fire destroyed the Star, Steveston, and
Liglithouse canneries, none of which have been rebuilt.

Skeena River.—The first cannery to be built on the Skeena River
was in 1S77, when a man named Neill built one at Inverness. In
1878 the Windsor Canning Co., consisting of Henry Saunders, W. H.
Dempster, and John Wilson, of Victoria, established a cannery at

Aberdeen.
There were no additions until in 1883, when the Balmoral cannery

the British-American, and Robert Cunuingliam canneries were started.

In 1889 the North Pacific was started and in 1890 the Standard.
In 1891 the Anglo-British Columbia Packing Co. bought the British-

American cannery and the North Pacific Canning Co. cannery. In
1892 the Claxton, and m 1895 the Carlisle, canneries were built. In
1899 the Claxton cannery was purchased by the Wallace Bros.
Packing Co. The Peter Herman (afterwards the Skeena River Com-
mercial Co.) and TurnbuU canneries were built in 1900. The last

named operated only four seasons.

In 1902 the British Columbia Packers Association acquired the
Balmoral, Cunningham, and Standard canneries.

In 1903 the Cassiar cannery was built. The next year the Alex-
andria Packing Co. was started. It was later acquired by the

British Columbia Packers Association, as was also the Dominion can-
nery, which was built in 1906.

The Carlisle cannery was sold in 1906 to the Kildala Packing Co.

In 1911 the Wallace Fisheries (Ltd.) purchased the Claxton can-
nery from the Wallace Bros. Packing Co., while in 1913 the Canadian
Fish & Cold vStorage Co. built a cannery at Tucks Inlet, where their

supply of salmon is obtained from the Skeena fishermen.

In 1916 the Gosse-Millerd Packing Co. built their Sunnyside plant.

In 1918 the Northern British Columbia Fisheries (Ltd.) purchased
the Skeena River Commercial Co.'s plant at Port Essington, and also

erected a new cannery at Port Edward.
Rivers Irdet.—The first cannery to be built and operated on Rivers

Inlet was in 1881 by Shotbolt & Draney, afterwards the British
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Columbia Canning Co. The Wannuck cannery was built in 1884,

the Good Hope in 1895, the Brunswick in 1896, the Wadhams and
the Vancouver in 1897.

There were no changes until 1902, when the British Columbia
Packers Association acquired the Wadhams, Brunswick, Wannuck,
and Vancouver, the two latter being dismantled and the two former
enlarged correspondingly.

In 1906 the Beaver cannery was built by J. H. Todd & Sons, the

Kildalla cannery by the Kildalla Packing Co., and the Strathcona
cannery by Bain & Wilson, the latter afterwards bemg acquired by
the Wallace Fisheries (Ltd.).

In 1911 the Strathcona Packing Co.'s plant was purchased by
Wallace Fisheries (Ltd.). In 1917 the Provincial Canning Co. built

a plant, and in 1918 the McTavish Canning Co. also built one.

Nass River.—The first cannery to be built on the Nass River was
by Henry Croasdale in 1881, and it operated for four years. The
Douglas Packing Co. built a cannery here in 1882 and operated it for

two years. Both were then shut down owing to the fact that the

locations were too far up the river for steamers to move the packs.

In 1888 the plants were dismantled and removed to Nass Harbor and
Mill Bay, respectively. In 1889 the Cascade Packmg Co. commenced
operations, but the plant was dismantled in 1893.

In 1903 the Pacific Northern cannery was built near the mouth of

Observatory Inlet, and in 1905 it was purchased by John Wallace,

who moved it to Arrandale. In the latter year the Port Nelson

Canning & Salting Co. started. In 1908 the Mill Bay cannery was
purchased by the Kmcolith Packing Co. In 1911 the Arrandale and
Port Nelson canneries were bought by the Anglo British Columbia
Packing Co., and in the following year the Nass Harbor cannery was
bought by the British Columbia Packers Association.

The Wales Island cannery, which became Canadian property under

the Alaska boundary award, was in 1911 p.urchased by M. Desbrisay

& Co., by whom it has since been continuously operated.

In 1916 the KincoHth Packing Co.'s Mill Bay plant was purchased

by the Kmcolith Fisheries (Ltd.), while in 1918 the Northern British

Columbia Fisheries (Ltd.) purchased the Mill Bay cannery from the

Kincolith Fisheries (Ltd.) and built a new plant at Kumeon. The
Western Salmon Packing Co. also built a new plant at Surmnerville

the same year.

Queen Charlotte Islands.—In 1912 the British Columbia Fisheries

(Ltd.), a concern promoted by Sir George Doughty, M. P., of Grimsby,

England, built a cannery at Aliford Bay, Skidegate Inlet, and operated

same for two seasons. The British Columbia Fisheries (Ltd.) then

went into insolvency, and the plant remained idle mitil 1916, when
it operated mider lease to the Western Salmon Packing Co. In 1917

the cannery was purchased by the Maritime Fisheries (Ltd.), the

present owners.
The Wallace Fisheries (Ltd.), built at Naden Harbor in 1912,

and operated that and the following seasons. The cannery was not

in commission during 1914 or 1915, but ran in the years 1916 to 1918,

inclusive. It was found that Masset Inlet would be a more suitable

location, and in 1919 the plant removed from Naden Harbor to a

new site on the shores of the Inlet.
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A cmincry was Imilt at Lockoport in 19 IS by the Lockeport Can-
ning Co. I'ho same yoar the Western Salmon Packing Co. (Ltd.)

built a plant at Lagoon Bay.
Miscellan^oufi places.—A cannery was built at Metlakatla in 1882

by Rev. John Duncan for the Metlakatla Indians, fish being obtained
from Skoena River. The plant was dismanth^d in 1886.

John Rood built the first cannery on Smiths Inlet, in Quachela
Lagoon, in 1883. It was closed in 1SS4, and the plant moved to
Wannuck, Rivers Inlet, to which place also the Smiths Inlet fish were
subsequently transported for packing purposes. In 1902 the Wm.
Hickey Canning Co. built a new plant on Smiths Inlet, selling same
in 1912 to the Wallace Fisheries (Ltd.). The Western Packers (Ltd.)
also built at Marguerite Bay m 1917.

A cannery was built at Lowe Inlet in 1890 by the Lowe Inlet
Cannuig Co. It was sold to the British Columbia Packers Association
in 1902.

In 1890 a cannery was built at Gardiner Canal -by a man named
Price and his associates. It ran until 1893, when it was dismantled
and closed.

Robert Draney built at Namu in 1893, selling out in 1912 to the
Draney Fisheries (Ltd.), who in turn sold out to the Northern British
Columbia Fisheries (Ltd.) in 1918.

Robert Draney built the Kimsquit cannery in 1901, and in 1907
the Kildalla Packing Co. built the Manitou cannery. The latter is

stiU operating, but u\ 1912 the Draney Fisheries (Ltd.) purchased
the Kimsquit cannery, and in 1918 sold it again to the Northern
British Columbia Fisheries (Ltd.).

In 1900 the Bella Coola cannery was built by John Clayton and
sold by him hi 1902 to the British Columbia Packers Association, who
have operated it ever suice. In 1917 a new cannery was built by
the Tallheo Fisheries (Ltd.) and sold by them in 1918 to the Northern
British Columbia Fisheries (Ltd.).

Toms, Morris & Fraser built at China Hat in 1900 and sold to the
British Columbia Packers Association in 1902. The latter dis-

mantled and closed the plant in the faU of that year.
A cannery was built at Warke Island in 1911 by John W^iUace,

principally for packing Gardiner Canal fish. Plant was purchased
m 1917 by the Western Packers (Ltd.), who have since operated it.

A camiery was built at Bella Bella in 1912 by the East Bella Bella
Canning Co. It was sold in 1915 to the Gosse-Millord Packing Co.,
who have since operated it.

The cannery built at Alert Bay in 1881 by S. A. Spencer was pur-
chased in 1902 by the British Columbia Packers Association, who
have since operated same.
Cannery was built at Clayoquot in 1895 by Earle & Magneson.

It was purchased by the Clayoquot Sound Canning Co. in 1902, by
whom it has since been operated.
A cannery was erected at Bute Inlet in 1890 by C. S. Windsor and

George Hobson, but only operated the one season.
The West Coast Packing Co. was built and operated at Nootka

Sound in 1896, but only secured 112 cases. The plant was dis-

mantled and abandoned. In 1917 a new plant was erected by the
Nootka Packing Co., who have since operated steadily.
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Dawson & Buttimer built at Alberni Canal in 1903. They sold

out to the Wallace Fisheries (Ltd.) in 1911, and the latter have
operated steadily ever since.

Pidcock Bros, built a small cannery at Quathiaski Cove in 1904.

They operated it that and the following year and then sold to T. E.
Atkins in 1907. This plant was destroyed by fire in 1909, and the
following year the Quathiaski Canning Co. built a new plant, which
has operated steadily since.

A small cannery was built at Pender Harbor in 1906 by P. H.
Alder. It operated for two seasons and was then closed down and
dismantled.

J. H. Todd & Sons and the Capital City Canning Co. both built at

Victoria in 1905 (the former at Esquimalt). Messrs. Todd & Son
still operate, but the Capital City Canning Co. plant was closed and
dismantled in 1914.

Capt. R. E. Gosse built at Knight Inlet in 1907 at Sargeants
Passage, but moved the plant to Glendale Cove in 1910, and at the
close of that season sold the cannery to the Anglo British Columbia
Packing Co., who have since operated it.

The Wallace Fisheries (Ltd.) built a cannery at Quatsino Sound
in 1911, but dismantled it in 1914.

The Goletas Fish Co. built at Shushartis Bay in 1914, and after

operating for three seasons sold the plant in 1917 to the Western
Packers (Ltd.), the present owners.
The Gilford Fish Co. built a cannery at Kingcombe Inlet in 1914.

After operating it that season they sold to the Preston Packing Co.,

the present owners.
The Jervis Inlet Canning Co. built a cannery at Jervis Inlet in 1912,

operating it that and the following season. In the fall of 1913 it

was destroyed by fire. In 1917 the C. L. Packing Co. erected a new
plant at Green Bay, Jervis Inlet.

The Nanaimo Camiing Co. started at Nanaimo in 1913 and operated

until 1916, in which year the plant was acquired by the Nanaimo
Canners & Packers (Ltd.).

The Quathiaski Camiing Co. was built at Blind Cove in 1916; the

Gulf Island Fish Co., at Lasqueti Island, in 1916; and the Sidney
Camiing Co., at Sidney, in 1916.

The Redonda Island Camiing & Cold Storage Co. built a cannery
at Redonda Island in 1917, while the Lummi Bay Packing Co. built

a cannery at Nitnat in 1917.

In 1918 the Defiance Packing Co. built a cannery at Port Renfrew,
while in 1919 the Gosse-MiUerd Packing Co. built one at San Mateo.

SALMON FISHING IN THE HEADWATERS.

Considerable salmon fishing is carried on in the headwaters of cer-

tain of the larger rivers of the coast, of which no accoimt appears in

the data of the commercial fisheries. This is due to the fact that the

fishing is usually of a desultory character, the fisheries are few in

number and scattered widely, and while the catch in the aggregate is

considerable it does not amount to much in any one spot.

The Colmnbia River is a typical example of such a stream. Com-
mercial fishmg is usually considered as ending at Celilo, about 150

miles from the mouth. As a matter of fact, salmon fishing for market
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or for home iiso is carried on to a considerable extent along the main
river and also on the Snake and the Yakima, tributaries of the
Columbia. In nearly all cases hook and line and spears are used
alone, but on the Snake River, near Lewiston, in Idaho, are several

rather important haul-seine fisheries. Fishing is carried on at those
places in the spring for steelhead trout and in the fall for chinook and
silver salmon and stoeLhoad trout. As many as 25 salmon have been
taken at one time. While this may seem a small number to one
habituated to the large catches farther down the river, in the flggre-

gate it amounts to a considerable quantity.
Considerable local fishing is carried on along the various Oregon

streams above the sections usually fished b}' commercial fisliormon.

Most of this is done by ranchers living along the streams, and while
by far the greater part is for home consumption a small proportion
is sold.

On the Yukon River and its tributaries considerable salmon fishing

is prosecuted. Much of this is done by natives for the use of them-
selves and their dogs, but at places white fishermen operate for a
portion of the year and sell their catches in near-by settlements or at

the mining camps. No effort has ever been made to secure statistics

of tile extent of this fishery.

APPARATUS AND METHODS OF THE FISHERIES.

GILL NETS.

Tlie o^ill net is tlie oldest and most popular form of apparatus in

use in tlie salmon fisheries of the Pacific coast. There are two kinds,

drift and set, these names clearly expressing the difference between
them. Fine flax or linen twine is generally used in their manufac-
ture, although in some places cotton twine is employed, and it has
usually 12 threads and is laid slack. They are hung in the ordinary
manner—to a rope w^ith cork floats tosupport the upper portion of the
gear, and to a line with lead sinkers attached, which keeps the net
vertical in the water and all its meshes properly distended. The
nets are tanned, usually several times each season.

Drift nets vary greatly in 1-cngth and depth, depending upon the
width of the fishing channels, the depth of water, etc. On the Sac-
ramento River they average about 300 fathoms in length, are 45
meshes deep, and have a stretch mesh of from 7^ to 9^ inches. On
the coastal rivers of Oregon these nets average about 125 fathoms in
length, and are about 36 meshes in depth, the mesh varying with
the species of salmon sought. On the Columbia River the nets aver-
age about 250 fathoms in length and have a stretch mesh for
chinooks of 9 to 9^ inches. On the Willamette River, the principal
tributary of the Columbia, they average about 75 fathoms in length,
with meshes of 8 and 9^ inches. On Willapa Harbor drift gill nets
run from 100 to 250 fathoms in length, are 30 meshes deep, with
stretch meshes of 7 and 8h inches. On Grays Harbor they average
100 fathoms in length, the chinook nets run from 24 to 45 meshes m
depth, with a stretch mesh of 9 inches, while the silver or coho nets
are 35 meshes in depth, with a stretch mesh of 7 inches. In northern
British Columbia tlie nets average 150 fathoms in length with a
stretch mesh of 5| inches. In the Puget Sound region the nets
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average 300 fathoms in length, with meshes suitable for the particular

species sought. In Alaskan waters the nets vary greatly in length
and depth, depending upon the places where fished.

Drift gill netting is prosecuted chiefly in the estuaries of the
rivers in and near the channels. If the water is clear the nets are
set only at nip;}it, but should the water be muddy or discolored with
glacial silt, fishing can be carried on either night or day. Night fish-

ing is most common in the vStates, while day fishing is most common
in Alaska. When fishing in rivers, it is necessary to work in a straight

stretch of water of fairly uniform depth and free from snags or sharp
ledges, these being called "reaches."

In setting the net the boat puller rows slowly across the stream
while the otlier man pays out the apparatus, to the first end of which
a buoy has been attached. When about two-thirds of the gear is

out, the boat is turned downstream at nearly right angles to her
former course, so that the net, when set, approximates the shape of

the letter L. The net is laid out at nearly right angles or diagonally

to the river's course, so that it will intercept the salmon that are

running in, and is usually put out about an hour before high-water
slack and taken in about an hour after the turn of the tide. In
Alaska the fishermen usually fish on both the high and low slack.

The nets are allowed to drift for the time specified, the fishermen
drifting along at one end, then the net is hauled into the boat over
a wooden roller fixed in the stern, and tlie fish, whii^h have become
gilled in the meslies, are removed, stunned or killed by a blow on the

head, and thrown into the bottom of the boat.

Set gill nets are made in the same way as drift nets, in many in-

stances being fragments of the latter, and are usually operated in the
upper reaches of the rivers. They vary in length from 10 to 100
fathoms, from 35 to 65 meshes in depth, and have the same sizes of

meshes as the drift nets, the size varying, of course, with the species

sought for. Sometimes these nets are staked, sometimes anchored,
while occasionally only one end is tied to the shore or a stake set in

the water.
On the flats off the mouth of the Stikine River, in southeast Alaska,

a combination of the drift and set method is followed. A double set

of stakes, about 6 feet apart, are set out from the shore for a distance
of several hundred yards. An hour or two before slack water the
fishermen pay out the net parallel to the line of stakes and about 50
feet from them. The tide drifts the net down until it is caught
against the stakes, which retain it until slack water, when the fisher-

man takes it up and repeats from the opposite direction on the next
turn of the tide.

HAUL SEINES.

On the Columbia River, where this form of apparatus plays a
prominent part in the fisheries, the nets vary in length from 100 to

400 fathoms; the shallowest end is from 35 to 40 meshes deep, but it

rapidly increases in width and is from 120 to 140 meshes deep at the
other wing. The "bunt," or bag. in the central part of the net is

about 50 fathoms long. These nets are usually hauled on the numer-
ous sand bars which are a very noticeable feature of the river at low
tide. Buildings are erected on piles on these sand flats, in which the
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FIG. R.^COLUMBIA RIVER POWER GILL NET BOAT.

FIG. 9.—REMOVING THE SALMON FROM A GILL NET.
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FIG. 11.—DIPPING SALMON FROM THE COPPER RIVER, ALASKA.

FIG. 12.—FISH WHEEL, YUKON RIVER, ALASKA.
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FIG. 13.—A SCOW LOAD C- SALMON.

FIG. 14.—PURSE SEINE CREW DELIVERING FISH TO CANNERY TENDER.
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mon and horses take rofii?:o at liigh tido, wlioii tho bars aro covorod

with water. Operations ho-^m as soon as tho ])oach or bar uncovers,

so that the men can wade about. The net is ]\laced in a lar^e seine

boat, with the shore end attached to a dory. At the sij^jnal the seine

boat is headed ofTshoro, while the dory heads toward t!ie bar. As the

seine boat circles around against tho current the net is paid out in

the shape of a semicircle. Tlie dory men hurry to tho bar with the

sl'ore end of the net, the idea being "to get tlmt in as soon as possible

in order to prevent the esca]->c of the salmon in that direction. As
soon as this has been accomplislied. the outer shore line is brought to

the bar, wlien several horses are hitched to the line and begin to haul

in the net, care being taken by tho men to work it against tho current

as much as practicable, and 'to get it in as speedily as they can in

order to prevent the escape of salmon either by jumping over the

cork hue or finding some outlet below the footrope or lead line.

The only other place on the coast where haul seines are iniportant

is at Karluk, on Kodiak Island, in Alaska. Here the seines are

hauled upon the narrow gravel spit di%'iding the lagoon from tho strait,

and practically tho same method is followed as in the Columbia

River.
DIVER NETS.

These are in use in the Columbia River, mainly throughout the

middle and upper portions of the river. They vary from 100 to 200

fathoms in length and are used almost exclusively for chinook salmon.

In construction they somewhat resemble a trammel net. Two nets are

attached together side by side. The outer one, or the one toward the

oncoming fish, has a larger mesh than the other, so that if the fish

manages to pass through the first, it will be caught in the smaller

meshes of the second.
DIP NETS.

These consist of an iron hoop secured to the end of a stout pole
with a bag-shaped net fastened to the hoop. They are generally used
at the cascades on the rivers, small platforms being erected upon
which the operator stands while fishing. Indians formerly used them
to a largo extent, but, owhig to tho steady decline in the number of

Indians, and the appropriation of favorable spots by the whites for

other forms of apparatus, they are but little used now.

SQUAW NETS.

This type is virtually a set net. It consists of an oblong sheet of

gill netting, about 12 feet long and 8 feet deep, its lower edge weighted
to keep it down, and its upper edge attached to a pole that floats at

the surface, and is held by a line or lines to another projecting pole
which is securely fastened to tho shore, so that it will not swing around
with the strain of the swift current on the net. A single block is

attached to the pole, and through this passes a rope, thus making a
tackle for the more convenient manipulation of the net. The dip-net
fishermen of tho Columbia River use this net, which derives its name
from the fact that it used to be commonly operated by Indian sc{uaws
for taking salmon. But few are now in use, for the same reasons as
given for the decline in the use of dip nets.
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PURSE SEINES.

This form of apparatus is in quite general use in Puget Sound and
southeast Alaska, and has proved higlily effective in these deep, swift

waters. These seines are about 200 fathoms long, 25 fathoms in the
bunt, and 20 fathoms in the wings, all with a 3f-inch stretch mesh.
The foot line is heavily leaded and the bridles are about 10 feet long.

The purse line is made of 1^-inch hemp. The rings through which
the purse line is rove measure about 5 inches in diameter and are

made of galvanized iron.

Purse seining for salmon in Puget Sound and waters north of same
is one of the most important methods in use in the fisheries. In the
type of vessel used in this fishery there has probably been greater
improvement than in any other branch of the fisheries of the coast.

In the early days row scows were in use, but now vessels with pov/er
are used.
In 1903 the first gasoline-powered purse seine boat appeared on the

Pacific coast salmon fishmg grounds in Puget Sound. The vessel was
named the Pioneer and she was equipped with a 5-horsepower engine.
The first season she easily demonstrated her vast superiority over
the other purse seiners in the quickness with which she could reach
a school 01 fish after it was sighted and in surrounding it with her
seine. The next year there were a few more built or equipped, and
the number has steadily increased until at the present time practi-

cally all except a few in southeast Alaska are equipped with motor
engines.

The first power seine boats were only about 30 feet in length and
had small power. As they were few in numbers, there was virtually

no competition, and high power and speed were not a necessity. As
the boats increased in numbers, however, competition became keener,
and the first types of boats with their small power were quickly
thrown into the shade by the newer types, whicli averaged between
45 and 55 feet in length, with 45 to 75 norsepower engines.

When motive power was introduced in the vessels, it was natural
that the fishermen should soon introduce winches for the purpose
of hauling in the nets, as the whole work could then be done by the
one engine.

The purse seine vessels are built with rounded sterns. On an
elevated section of the stern is set a movable platform on a pivot.

The after end of this platform has a long roller. The purse seine
is stowed on this platform, the head rope with corks on one side
and the foot Ime on the other, so that there will be no tangling when
the seine is paid out.

When the lookout sights a school of fish, the seiner is run down
close to it and a rowboat launched. One man takes his place in

this with the rope from one end of the seine and acts as a pivot,

while the seiner circles around the school, the crew paying out the
seine as she moves along. When it is all out, the vessel runs along-
side the rowboat and takes aboard the other rope. Attachmg this

and the rope from the other end to the power winch, the circle around
the fish is rapidly narrowed, and the slack of the seine as it comes in

is stowed back on the platform. Around the bottom of the seine
and tlu"ougli galvanized-iron rings about 5 inches in diameter runs
the purse line. As this is hauled into the boat, the open space at
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FIG. 15.—FLOATING TRAP.

FIG. 16.—PURSE SEINER HAULING IN NET.
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FIG. 17.—DIPPING SALMON FROM A PURSE SEINE.

FIG. 18.—BRAILING SALMON FROM A TRAP.
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the bottom is rapidly closprl up just as a handbag would be through
the drawing togothor of the pursing string at the top. During this

operation the nonpower purse seiners have a man standing alongside
the rail who throws a pole into the center in order to drive the fish

away from the open section. He is so skillful in this work that
almost invarial)ly the pole comes back to his hand as the pressure
of the waters forces it up agnin. Wlien the bottom has been pursed
up the fishermen hauling b}' hand can move more leisurely, but with
the power winches in use the hauling in of the net is a comparatively
easy matter, and the pole thrower is dispensed with.

^Vllen all the fish are in the bunt and the latter alongside, the fish

are generally dipped out by means of a dip net balanced on the end
of a tackle. A hshcrman lowers it into the seine, scoops up a load
of salmon, and as the net is hauled up guides it over the vessel, and
then trips it and dumps the fish into the hold.
The Puget Sound purse seiners meet the salmon off the entrance

to the Strait of San Juan de Fuca and follow the sockeyes till they
have passed out of American waters, what are known as the Salmon
Banks, off the lower end of San Juan Island, being the principal
rendezvous during the run of sockeyes. After this run is over they

fo
up the Sound and fish for dogs and cohos, and later go to the

ead of the Sound and fish for dogs, cohos, chinooks, and steel-

head trout. In southeast Alaska they follow the fish all over the
bays, straits, and sounds of that section. Purse seines are used in

a few other places, but the fishery is secondary to those with other
forms of apparatus.

This style of fishing is said to have been introduced on Puget
Sound by the Chinese m 1886.

TRAPS OR POUND NETS.

A trap is stationary and consists of webbing, or part webbing and
part wire netting, held in place and position by driven piles. This
piling usually is held together above water by a continuous line

of wood stringers, also used to fasten webbing to or to walk on if

necessary.

In building, the "lead" is first constructed. This runs at right
angles, or very nearly so, to the shore, and consists of a straight
line of stakes, to which wire or net webbing is hung from top of
high water, or a little higher, to the bottom, making a straight,
solid wall.

At a little distance inshore of the outer end of the lead begin what
are called the "hearts." These are V-shaped and turned toward the
lead, beginning at a distance of 30 to 40 leet on either side of same
and running in the same general direction, the "big heart" or outer
heart first, the inner heart, supplementing the first, being smaller,
and the end of the outer heart leading into it. Some traps have
only one heart. The narrow end of the inner heart leads into the
"pot" and forms what is knov.Ti as the "tunnel." The tunnel ends
in a long and narrow opening, running up and do^vn the long way,
and is held in position by ropes and rods. Below this is what is

kno\\-n as the "apron," a sheet of web stretched from the bottom of
the heart up\vard to the pot, in order to lead the fish into the tunnel
when swimming low in the water, and to obviate the necessity of
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building the pot clear to the bottom, which would be expensive, as

the pots of the traps are usually in quite deep water. If the trap is

intended to catch the fish coming from only one direction, the lead

generally runs to and is attached to one side of the entrance to the

outer heart on the side opposite to that from which the fish are

expected.
Some traps have "jiggers" (a hook-shaped extension of the outer

heart) on each side, and sometimes on only one side, which help

to tiu'n the fish in the required direction.

The ''pot" is built out beyond the inner heart and immediately
adjoining same. It is a square compartment, with web walls and
bottom connected in the shape of a large square sack, fastened to

piling on all sides. This pot is hauled up and do\vn by means of

ropes and tackles, either by hand or, as is most popular, by steam.

The "spiller" is another square compartment adjoining either end
of the pot (sometimes there are two spillers, one at each end), and is

simply a container for fish. A small tunnel leads the fish from the

pot into the spiller, whence the fishermen lift them out. This is

accomplished by closing the tunnel from the pot, after which the

ropes holding the front of the spiller are loosened and the net wall

allowed to drop almost to the level of the water. A steam or gasoline

tug then pushes a scow alongside the spiller and takes position on the

outside of tliis scow. From the deck of the tug a derrick is rigged

with a running line from the steam capstan through the block at the

top of the derrick. This line is attached to the far end of a net aprOn,

cahed a "brailer," which is heavily weighted by having chains along

each side and leaded crossways at several places. A small boat is

run inside the spiller, and the men in this draw the brailer across the

barge and let it sink in the spiller. The fish soon gather over it,

when the steam capstan quickly reels it in, the net folding over as

chawn in from its far side and spilling the fish out on the scow. Men
on the scow pick out and throw overboard the undesirable fish. The
apron is then dra^^^l back across the pot and the operation repeated

so long as any fish remain. In this manner a trap with many tons

of salmon in it is quickly emptied.

Traps, like nearly all other fixed fishing appliances, are built on
the theory that salmon, like most other fishes, have a tendency to

foUow a given course in the v/ater, whether a natural shore line or

an artificial obstruction resembling one ; also that the fish very seldom

turns in its own wake. The trap has taken advantage of these natural

tendencies of the fish, and is arranged so that, although the salmon

may turn, he will continually be led by the waU of net toward and
into the trap.

If a trap is located in a place where fish play and where an eddy
exists, and the fish run one way with the incoming tide and the

opposite %\ath the outgoing, it vn\\ fish from both directions ; if located

wliere the fish simply pass by, as for instance, on a point or reef, it

wiU fish from one side only.

A variation of the trap, to be used in places where piles can not be

driven, is the floating trap. An experimental trap of this variety

was used at Uganuk, on Kodiak Island, Alaska, as early as 1896.

Its use was abandoned in 1897, not to be resumed until some years

later. A number of floating traps (of the type invented by J. R.

Heckman, of Ketchikan, Alaska) have been and are being used in
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FIG. 19.—RACKS AND RUNWAYS FROM WHICH INDIANS GAFF SALMON, CHILKOOT
RIVER, ALASKA.

FIG. 20.—THE POT AND SPILLER OF A SALMON TRAP.
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FIG. IM, -1 KiJLLING FOR SALMON UN PUGET SOUND WITH POWER BOATS.

FIG. 22.—PUGET SOUND PURSE SEINE BOATS AT RICHARDSON, WASH.
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southeast Alaska, the first having boon installod in 1907. The design
of this trap follows the shape of an ordinary Puget Somid driven trap.

It is constructed of logs, 20 to 26 inches at the butt, boltod and
braced together in one solid frame. Suspended from this frame
tlu'ough the logs are 2^-inch pipt^s extending down in the water 30
feet. Halfway do^^^l these pipes and also on the extr.>me lower ends
are eyebolts, to which the weo is drawn doMTi and fastened. Thus
the web is kept in place as well as if the pipes were driven pil<*s. Tho
lead is also a continuation of largo piles or logs bolted lirmly together
with similarly suspended pipes and webbing.
The so-called wooden traps on the Columlua River are essentially

weirs, being a modification of the brush weirs or traps used by the
Indians for the capture of salmon long before the advent of the Avliite

men. They are ouilt on shon^, of piling and planks, the latter

arranged like slats with spaces between. The bowl, .or pot, is pro-
vided A\dth a movable trapdoor that can be opened during the closed

season and on Sundays, so that the fish can pass through and run
upstream. These weirs, after being built, are launched into the
river, placed in proper position near the shore, and then ballasted

so that they sink to the bottom.
According to Collins," "pound nets were introduced on the Colum-

bia River in 1879. In May of that year O. P. Graham, formerly of

Green Bay, Wis., built a pound net on the river similar to those used
on the Great Lakes. The success of this venture led to the employ-
ment of more apparatus of this kind, and many fishermen went
West to participate in the fishery."

The first trap on Puget Sound, it is said, was built by John
Waller, about 1880, off Cannery Point, at the southeastern corner of

Point Roberts.
According to Collins,'' H. B. Kirby, who had previously fished on

the Great Lakes, set a pound net in Puget Sound about 1 883, but it was
a complete failure. This was set off Point Roberts, near where the
Waller trap was set. On March 15, 1888, he again set a pound net,

which he had designed to meet the new conditions, at Birch Bay
Head, in the Gulf of Georgia. It proved a complete success, and
was the forerunn.er of the present large number which are set annually
m these waters.

In Alaska the first trap was set in Cook Inlet a])out 1885. British
Columbia refused to permit the use of pound nets in its waters until

1904, when theu" use was allowed witniii certain limited regions.

Some of these traps, especially on Puget Sound, have proved
extremely valuable. The years 1898 and 1899 covered practically

the high-water mark, as several desirable locations changed hands in

those years at prices ranging from $20,000 to $90,000 for single

traps, the original expense of which did not exceed $5,000. But
few have brought such high prices since, however, owing to the decline
in the run of salmon, and at the present time but few of them would
fetch much at a sale.

The location of sites for these nets is regulated by law in Oregon,
Washington, and British Columbia, but in Alaska the procedure is

a Report on the Fisheries of the Pacific Coast of the United States. By J. W. Collins. Eeport, U. S.
Commissioner of Fish and Fisheries, 1888-89, p. 210. Washington, 1892.

b Collins: Op. cit., p. 257.

11312°—21 6
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not well defined and has proved rather confusing to strangers.

Some acquire the shore line by mineral location or by the use of scrip,

while still others have merely a squatter's right.

Under the existing fish-trap laws applicable to Alaska, a fish trap

may be operated anywhere along the coast of Alaska, 3( yards

from the mouth of any salmon stream, and along the shoie> of all

rivers—excepting those emptymg into Cook Inlet, the streams on
Afognak Island, and in Wood River—where the same are at least 500

feet wide.
A clear water distance of 600 yards laterally and 100 yards end-

wise must be maintained between all traps. At the present time

there is no law regulating the length of leads, the maximum depth
of water in which the pot may be driven, or the use or occupancy of

the trap sites.

It has been decided by the highest courts within the past year that

title to the upland conveys no title to the trap owner who may be in

front. The tidelands of Alaska are not of sufficient commercial
importance as yet to enter into this controversy. At the present

time there is no tideland law applicable to Alaska affecting the

upland owners or the trap-site locators.

At the present time the canner who is on the ground first with
piles and a driver can assert his right to any unoccupied trap site

regardless of who fished it the previous season. This, however, is the

exception rather than the rule. As a general proposition the can-

ners respect the rights of rivals in the same fishii^g region, and a

trap location once recognized as that of a certahi individual or com-
pany is rarely jumped so long as the original locator cares to main-
tain a trap on it.

Within the bounds of the forest reserve no land can be acquired

except by lease, which may be secured from the United States for-

estry agent, Ketchikan, Alaska.

INDIAN TRAPS.

The natives, especially in Alaska, have various mgenious methods
of catching salmon. In the Bering Sea rivers they catch them by
means of wickerwork traps, made somewhat after the general style

of a fyke net. These are composed of a series of cylmdrical and
conical baskets, fitting into each other, with a small opening in the

end connecting one with the other and the series terminating in a

tube with a removable bottom, through which the captive fish are

extracted. Some of the baskets are from 15 to 25 feet in length

and are secured with stakes driven into the river bottom, while the

leader, composed of square sections of wickerwork, is held in place

by stakes.

Durhig the summer of 1910 the author found and destroyed an

ingenious n.ative trap set in Tamgas stream, Annette Island, south-

east Alaska. This stream is a short and narrow one, draining a

lake, about midway of which are a succession of cascades. In the

narrowest part of the latter, and in the part up which the fish swun,

a rack had been constructed of poles driven into the bottom and cov-

ered with wire netting, so as almost wholly to prcven.t salmon from
passing up. Just below, and ruiming parallel to the rack and at

right angles to the shore, was placed a box flume with a flaring

mouth at the outer end. At the shore end the flume tm^ned sharply
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FIG. 23.—A COLUMBIA RIVER SCOW FISH WHEEL.

mmH
FIG. 24.— PUGET SOUND SALMON TRAP.
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FIG. 25—A COLUMBIA RIVER STATIONARY FISH WHEEL.
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at right anglos and discharged into a square box with slat ])ottom
and covorod over with boughs. The fish in ascending the stream
would bo stopped by the rack and in swimming around many of them
would be carried by the current into and down the flume, eventually
lauding iii the receiving box alongside the shore.

WHEELS.

Fish wheels arc of two kinds, the floating or scow wheel, which
can be moved from point to point if need be, and the shore wheel,
which is a fixed apparatus. They operate in exactly the same man-
ner, however. The stationary wneel is located along the shore in a
place where experience has shown that the salmon pass. Here an
abutment is built of wood and stone, high enough to protect it from
an ordinary rise in the river. To this is attached the necessary
framework for holding the wheel. The latter is composed of three

large scoop-shaped dip nets made of galvanized-iron wire netting
with a mesh of 3^2 to 4 inches. These nets arc the buckets of the
wheel and they arc so arranged on a horizontal axis that the wheel
is kept in constant motion by the current, and thus picks up any
fish which come within its sweep. The nets are fixed at such an
angle that as they revolve their contents fall into a box chute through
which the fish slide into a large bin on the shore. The wheels range
in size from 9 to 32 feet in diameter and from 5 to 15 feet in width,
and cost from Sl,500 to $8,000, the avcrao;e behig about S4,000. A
number of them have long leaders of piling running out into the
river, which aid in leading the salmon into the range of the wheel.
The scow wheel consists of a largo square-ended scow that is

usually decked at one end and open at the other. Several stanchions,
some 8 to 10 feet high, support a framework upon which an awning
is spread to protect the fish from the sun's rays and the crew from
the elements. To one end of the scow are fastened two upright posts,

which are guyed by wooden supports, while projecting from the same
end is the framework wliich supports the wheel, the latter being con-
structed in the same way as the stationary wheel, but on a smaller
scale. In operation the scow is anchored with the wheel end pointing
downstream, and as the wheel is revolved by the current, the fish

caught fall from the net into a box chute, through which they slide

into the scow. As stationary wheels can be used only at certain
stages of water, the scow wheel is a necessary substitute to be used
at such times as the former can not be operated, or in places where
it is not feasible to build a stationary wheel.
The above forms of wheels are used exclusively on the Columbia

River.
An ingenious device is used by some of the wheel operators on the

Columbia River in getting their catch to the canneries, a few miles
farther down the river. The salmon are tied together in bunches,
which are attached to air-tight casks and sent down the stream. At
the canneries small balconies have been constructed at the water end
of the building. A man armed with a pair of field glasses is stationed
here, and as soon as he sights one of these casks he notifies a boatman
who goes out and tows in the cask and salmon. About 800 pounds of
salmon are attached to a keg, and a tag showing the wheel from
which shipped, is tied to the fish.
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In 1908 the first fish wheel to be located in the coastal waters of

Alaska was operated in the Tnku River, in southeast Alaska. The
wheel was set between two 4-foot scows, stationed parallel to each
other, and each 40 feet in length. The wheel had two dips, each 22
feet in width and hung with netting. It could be moved from place to

place, the same as the scow wheels on the Columbia River. It was
operated throughout the king and red salmon runs, but caught almost
no salmon, and was not set in the succeeding years.

For many years the natives of the interior of Alaska have been
resorting to the banks of the Yukon and Kuskokwim Rivers and their

tributaries in order to secure a sufficient supply of salmon to sustain

them through the succeeding winter. The favorite apparatus of these
natives at present is a type of fish wheel introduced by the whites
about 1905. An oblong framework of timbers is constructed in the
water and moored to the bank by ropes. A wheel, composed of two
or three dips, is placed in this, the axle resting upon the framework.
The current catches each dip in turn, thus causing the wheel to

revolve, and the dip is of such shape that the salmon caught roll off

it into a trough, down which they slide into a boat moored between
the wheel and the shore or into a box fixed to the supporting frame-
work on the side. Although crude in construction, these wheels are

very effective and a large number of them are set each season.
The Columbia River fish wheel is a patented device. It was first

used by the patentees, S. W. Williams & B'ro., in 1879, and for

several years they retained a monopoly in its use. A number are

now operating on the river. The device was not new even when
patented, as a similar "fishing machine," as it is called, had been in

use prior to this time and is still used by white fishermen on the
Roanoke River in North Carolina.

REEF NETS.

When the whites first visited the Northwest they found the natives

employing a number of ingenious devices for catching salmon, and
one of the most effective of these was the reef net. J. A. Kerr, Esq.,*^

who has been engaged in the salmon fisheries of Puget Sound for a

number of years, has written the following very interesting account
of this native fishery:

The aborigines the world over have developed ingenuity solely along the lines of

their necessities. The coast Indians of Alaska evolved the bidarky and the ingenious
implements for taking the seal, the walrus, and the whale. The Siwash of Puget
Sound developed a seaworthy dugout and appliances for taking salmon that marks
the acme of Indian invention.
When Vancouver explored the waters of the Sound he found over 500 Indians en-

camped at Chiltenum, now Point Roberts. He relates in his log of the voyage that
these Indians were engaged "in fishing for salmon with crude nets made of the bark of

young willow." He described the racks upon the contiguous upland used by the
Indians in curing the fish.

When Gov. Stevens negotiated the treaty '^vith the Indians of the lower Sound at

Point Elliott, now MukUteo, in 1855, I was informed by Col. Shaw, the interpreter,

that over 7,000 Indians attended, the session lasting for five days.
The Government sought to have the Indians confined to reservations, and the dis-

position of their ancient fisheries was a matter of great solicitude on their part.

Salmon was the principal article of their diet.

After protracted discussion the sixth clause of the treaty was made to provide
that "the right to take fish at their usual and accustomed fishing grounds, together
with the right to erect and maintain racks upon the contiguous upland for curing and
drying the same, is hereby forever guaranteed to said Indians.

"

a The Siwash Reef Net. By J. A. Kerr. Pacific Fisherman Yearbook, 1917, p. 60.
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There were two of those ancient fisheries on the lower Sound—Point Roberts Reef
and Villa'je Point.

'I'he ori<,dnal reef net of the Indians, as described by the first white settlers and by
the Indians themselves, was constructed as follows:

The natives peeled the bark from the \villow and ^\^th it spun a twine and tied a net
about 25 feet in width and 40 feet in length, with a mesh substantially of the dimen-
sions and shape of that used in the now familiar pound net.

They then went into the swamps and cut cedar withes. After heating rocks and
placing them in pools of water they steamed these withes, after which they twieted

them into substantial ropes.

Their reof net operations were confined to the shoal waters over the reefs. The reef

net locations were of great value to the Indians, and were considered as property and
lianded down from father to son. As a rule the Indian families controlling these loca-

tions owned an inner and outer location. The reef at Point Roberts is over 1 mile in
length

.

Reef not fishing was confined to the flood tide. At the beginning of the flood the
outer location was used, after the middle of the flood the nets were shifted to the inner
locations.

The Indians assembled at the reefs in advance of the salmon run and prepared their

ap])liances.

They first secured heavy boulders or blocks of sandstone-from Chuckanut to be used
as anchors. They then procuretl for each net two logs about the length of their canoes.

To each end of these logs they tied one of their ropes, about 100 feet in length, the
other end of which was fastened to the stone anchor. These logs were anchored over
the top of the reef and about 20 feet apart. From the forward end of these logs there

was run out at an angle of 45° other ropes to a distance of 50 feet, the outward end
fastened to a buoy. To these ropes were fastened stalks of kelp, the ends weighted
to the bottom with stones. Thus was constructed a lead operating to concentrate the
approaching school of fish betAveen the logs. Then from the front end of these logs

there was dropped forward and to the bottom two ropes, from one of these ropes to the
other, at intervals of 2 or 3 feet, were fastened cords of willow twine. This appliance
was called by the Indians a ladder.

Now in operating the net itself two canoes were lashed on the inside of the logs.

Three Indians occupied one canoe and four the other. The net was then suspended
between the canoes. The Indians in the forward end of the canoes held the ropes

fastened to the bottom of the net, those in the back end held the ropes fastened to the
top of the net. The tide running against the net caused it to bag, or purse. The
foiu'th Indian in one of the canoes was generally an elderly man and was called the
watcher. He discovered the school of salmon as they were carried into the net and
at his signal the Indians at the front of the canoes pulled the lower edge of the net,

which was kept within 4 feet of the surface, above the water. The Indians at the
middle of the canoe reached down and caught the sides of the net, lifting the sides

above the surface. These Indians pulled against each other, the long ropes by which
the logs were moored giving enough to allow the canoes to be pulled alongside each
other. The fish were then dumped into one of the canoes, after which the net was
loosened and lowered, and the boats fell back to their original position again. With
these appliances the Indians would take up to 3,000 salmon on a single run of the tide.

This Indian appliance affords not only an interesting illustration o^ native ingenuity,
but as a matter of fact was the forerunner of the pound net. John Waller, a Welshman,
was one of the earliest settlers at Point Roberts. He observed the operations of the
reef net and in the early 60'e constructed at Point Roberts the first poxind net ever
driven on the Pacific coast. The leads duplicated that of the Indians, while he
impounded the salmon by means of the tunnel leading into a web pot, instead of

lifting them as impounded.
The reef net marks the humble Siwash as an inventor of some skill, and as a bene-

factor of some importance, and the apparatus would be in use to-day were it not for

the large niunber of people required to operate it.

At one time this was a favorite device of the Puget Sound natives
for catching sockeye salmon. Owing to the large number of men
required to work them, and the fact that they can be worked only
at certain stages of tide and in favorable weather, these nets gradually
have been supplanted by other devices. In 1909 but five were used,

and these were operated off the shores of San Juan, Henry, Steuart,
and Lummi Islands, and in the vicinity of Point Roberts. Practically

none are uaed at present.
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TROLLING.

Each year the catching of sahnon by trolling becomes of increasing

importance commercially. Although begun a number of years ago
the industry never attained prominence until the mild curers created

such a persistent and profitable demand for king, or chinook, salmon
that the fishermen, wlio had previously restricted their operations

mainly to the use of nets durmg the annual spawning runs, which'

last but a small portion of the year, began to follow up the fish both
before and after the spawning run and soon discovered that they
were to be found in certain regions throughout nearly every month
in the year.

Trolling has several advantages from the fisherman's point of view
over seine, gill net, and trap fishing. To engage in it, one does not
need any very expensive gear, a boat, hooks, and lines being all that

are required. Then, there are no licenses to pay and no seasons to

observe in many sections, as the fishing is done in many instances be-

yond the jurisdiction of State waters.

The fishermen comprise all nationalities. While the majority of

them are professionals, men of all walks of life are to be found en-

gaging in the business, some on account of their health, others because

of reverses in business or lack of work, while still others engage in it

from pure love of the outdoor life.

The Monterey Bay (Calif.) trollers use 48 cotton line generally. A
few inches below the main lead an additional line is added, with a

small sinker on it. This gives two lines and hooks, and as the main
line has but the one lead, and that above the junction with the branch
line, it floats somewhat above the latter, which is weighted down
with a sinker. The main stem is about 20 fathoms in length, while

the branch lines are about 5 fathoms each. These lines cost about

$3.50 each. No spoon is used, but bait almost invariably. A few
fishermen use a spread of stout steel wire, 4 feet long, with 5 or 6 feet

of line on each end of the spread, two lines and hooks.

On the upper Sacramento River (mainly at Redding and Keswick)
some fishing is done with hand lines. A small catch was made here

m 1908, but none were so caught in 1909.

Even as early as 1895 trolling was carried on in the Siuslaw River,

Oreg., for chinook and silv^er salmon.
About 1912 the fishermen living along the lower Columbia River

discovered that salmon could be taken by trolling oft' the bar. A
number of them went into the business regularly, while their numbers
were greatly sw^elled by the addition of many of the net fishermen

during the regular closed seasons on the river, these not applying to

trollers. Some idea of the growth of this fishery off the Columbia
River bar may be gained when it is stated that in September, 1915,

about 500 boats were engaged in it. It is reported that in 1919 over

1,000 boats were engaged m trolling here.

At Oregon City and other places on the Willamette River a num-
ber of chinook salmon are caught hj means of trolling each year,

mainly by sportsmen. A spoon is quite generally employed in place

of bait. The fishermen claim that the salmon are not feeding at

this time, as their stomachs are shriveled up.
- For a number of years the Indians living at the reservation on
Neah Bay, Wash., have annually caught large numbers of silver and
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chinook salmon in the Strait of fluan dc Fuca. A large number of

wliite fishermen also engage in this fishery at the present time in the
same waters, while others troll for the same species, but more par-
ticularly silvers, in parts of Puget Sound proper. Tlie ordinary
trolIi?)g line, with a spoon instead of bait, is used.
Many of the trollers use power boats, and in this event four and

sometimes six lines are used. One and sometimes two short poles
are run out from each side of the boat (when two are used on a side,

one is shorter than the other), the butt being dropped into a chock.
Two lines are generally trailed from the stern. At the end of each
pole is a very short line with a small tin can attached. A few peb-
bles are in the can, and as the launch moves slowly through the
water with all her lines set, the troller knows when he has a bite by
the rattling of the pebbles in the can. Each of the lines attached
to a pole is also connected with the boat by a short line from the
side to a point on the line about 20 feet from the tip of the latter.

When a hsh is hooked, the fisherman merely pulls in the line by
means of the short piece and then can haul the fish in hand over
hand.
The most remarkable trolling region is in southeast Alaska. For

some years the Indians here had been catching king salmon for
their own use during the spring months, and about the middle of

January, 1905, king salmon were noticed in large numbers in the
vicinity of Ketchikan. Observing the Indians catching these, sev-
eral white fishermen decided to engage in the pursuit, shipping
the product fresh to Pu^et Sound ports. They met with such
success that 271,644 pounds, valued at $15,600, were shipped. The
next year several oi the mild-cure dealers established plants in

this region, thus furnishing a convenient and profitable market for

the catch, and as a result the fishery has grown until in 1915
2,170,400 pounds of king salmon and 54,400 pounds of coho salmon
were caught and marketed. The length of the fishing season has
also lengthened until now the business is prosecuted vigorously
during iibout seven months in the year, and in a desultory manner
for two or three months more, only the severe winter weather pre-
venting operations the rest of the year.

In soutlieast Alaska the fishermen generally use either the Hen-
dryx Seattle trout-bait spoon No. 5 or the Hendryx Puget Sound
No. 8. The former comes in nickel or brass or nickel and brass, the
full nickel preferred. The Siwash hook No. 9/0, known as the Vic-
toria hook in British Columbia, is in cjuite general use. As a rule,

but one hook is used, and this hangs from a ring attached to a swivel
just above the spoon, while the point of the hook comes a little below
the bottom of the spoon. Occasionally double or treble hooks are
used. Some fishermen use bait, and when this is done the herring,

the bait almost universally employed, is so hooked through the body
as, when placed in the water, to stretch out almost straight and face
forward as in life.

There are a large number of power-boat trollers in this region.

These trollers generalh^ use one pole on a side and one at the stern.

The rowboat trollers use but one line, which is attached to a thwart
in the boat, hand}^ to their reach when rowing, and trailing out from
the stern of the boat.
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The trollers usually have temporary camps where they congregate
while the fish are to be found in that section, moving on to some more
favorable spot when the fish begin to get scarce.

Reports from the trollers of southeast Alaska prove that all species

of salmon will take the hook at some time or other in the salt waters
of this region, an examination of their stomachs generally showing
that they are either feeding or in a condition to feed.

A small commercial fishery is carried on in this region for coho
salmon, mainly in August and September, in the neighborhood of

Turnabout Island, in Frederick Sound. A Stewart spoon with two
hooks on one ring is used, baited with herring in such a way that the

fish is straightened out and faced toward the spoon. The sportsmen
of Ketchikan also fish with rod and reel for this species in the neigh-

borhood of Gravina Island, using a Hendryx spoon (kidney bait

No. 6), which is silvery in color on one side and red on the other.

Although much smaller than the king, the coho salmon is more gamey.
During the latter part of March the Gulf of Georgia, in British

Columbia, is invaded by large schools of young coho salmon, locally

called "bluebacks." They evidently come in from the sea by way
of the Straits of Fuca, as their presence is at first apparent in the

lower gulf, especially among the reefs and islands off Gabriola Pass.

On their arrival these fish are only about a couple of pounds weight,

but increase in size very rapidly, with correspondingly voracious

appetites. They are to be found in the gulf throughout the spring

and summer. By May the fish generally average close to three

pounds each when dressed, while in July they are between four and
six pounds in weight.

A number of fishermen with power and row boats engage in this

fishery, the fish being either sold to the fresh markets or to the

canneries.

Trolling lines and spoon baits of one form or another are used. In
fishing from power boats the outer lines are attached to fish poles

15 to 18 feet long, rigged out on either side. Those poles are usually

hinged at the foot of a short mast and lowered outboard by a halyard

running through a block at the masthead, with the additional brace

of a forward guy, which, with the drag of the lines aft, holds them in

position. It has been customary to use from five to seven lines from
each launch, the two outer lines leading from the ends of the poles;

the next pair are attached to intermediate tips fastened halfway out

on the main pole, while inboard lines are attached to smaller upright

rods on either quarter.

The outer trolls are brought within reach (the poles being practically

fixtures) by means of a short piece attached to each fishing line 15 or

20 feet from the point where it is fastened to the pole and leading

inboard.
Recently, however, the Dominion authorities have decreed that a

troUer shall not use more than three lines from a boat when trolling

for salmon. Should a man be alone in the boat three Imes will keep

him very busy if the fish are biting at all well.

Spoons are generally used. All shapes are employed, from the

ordmary Siwash patterns to wobblers; brass or silver wobblers, of

Nos. 4 and 5 sizes, are largely used by the fishermen. Spinners of 2 to

3 inches long are also popular. Copper, copper and silver, and brass
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spinners of the Siwash and Victoria patterns are very effective, while

red beads, feathered hooks, or a piece of silvery salmon skin placed

on the hook as an additional bait often adtl to the attraction of a

spoon.
Quite generally the fishermen use single hooks on their spoons.

Various lengths of line are used, but on the average about 60 feet for

outside lines and 40 for inside are used. As fish can be landed much
quicker with a short line, the fishermen generally shorten tlieir lines

to '20 or 30 feet wlien the fish are biting rapidly. Quite heavy lines

are used from the pole to the sinker; from there extends a length of

li^ht line, and then a piece of wire, to which the spoon is attached.

The sinker, which is usually between 2 and 3 pounds in weight when
fishing from a power boat and about 1 pound when a rowboat is

employed, is attached to the line about 18 feet from the spoon.

The best fishing times are in the early morning ancl evening,

without regard to tidal conditions. The low slack water is always

favorable to good fishing.

These fish are delicate flavored, but do not keep well, it being

necessary to rush them to market if they are to be sold in a first-class

condition.

Considerable numbers of these fish are taken by both American and
Canadian fishermen on Swiftsure Banks, off Cape Flattery. As
complaint had been made in 1914 that these fish were immature and
were unfit for canning because of their appearance after being out of

the water some hours, II. T. Graves, acting commissioner of agri-

culture for the State of Washington, which department is concerned
with the wholesomeness of food products, made a thorough investiga-

tion of their fitness for food. In a letter to the Pacific Fisherman,
Seattle, Wash,, and published in that journal under date of August,

1914, he states, among other things, the following:

The question, therefore, for us to determine was to ascertain their value as a food

product. The condition of these fish arri^dno; at the various canneries was carefully

noted; samples were selected for bacteriological analysis.

The fish when first taken from the water are very soft when compared with the

other salmon. After they have been out of the water 12 houi's the fish easily separates

from the bony structures, and in the course of ordinary handling in the time which
elapses laetween the hour of taking from the water until they are offered for packing
at Sound canneries, which is anyivhere from 12 to 48 hoiKSithey become badly broken
up and present a rather ugly and distasteful appearance, to say the least.

We found that many different methods of handling were being experimented with
by the fisherman and by Puget Sound canneries, but without any noticeable effect.

While from a physical observation one would imagine these fish as received at the

Sound canneries to be unwholesome, a bacteriological examination by Dr. E. P.

Pick, State bacteriologist, indicated that putrefaction was not present, although some
of the specimens did contain a rather high bacteria count.

BOW AND ARROW.

On the Tanana River, a tributary of the Yukon River, in Alaska,

the Indians hunt salmon in birch-bark canoes with bow and arrow.
As the canoe is paddled along and the Indian sees the dorsal fin of

the salmon cutting the surface of the muddy water he shoots it. The
tip of the arrow fits into a socket, and when struck the tip, which
when loose is attached to the stock by a long string, comes out of the

socket and the arrow floats, easily locating the fish for the fisherman.
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SPEAR AND GAFF.

Spears of varying shapes and styles have been in use by the Indians
from time immemorial and are still employed on many rivers in

which salmon run. With the exception of the Chilkoot and Chil-

kat Rivers of Alaska, practically all of the catch secured in this

manner is consumed by the fishermen and their families. In the
Chilkoot River the Indians have built numerous racks in the stream
and on the banks, upon which they stand and hook the fish out with
a gaff attached to a pole. The catch is sold to the cannery located on
Chilkoot Inlet.

SPORT FISHING FOR SALMON.

The number of sportsmen who improve the opportunity presented
by the appearance of feeding springs and cohos is increasing yearly,

and in time this promises to far excel the sport salmon fishing of the
Atlantic coast.

On Puget Sound and lower British Columbia waters the anglers
generally use ordinary trout fishing rods and tackle, with preferably
a short trolling tip on the rod when out for coho. Small spinners of

silver or copper, of about an inch in length, or else the small double
Tacoma spoons, are very good. A strong gut leader or trace of fine

piano wire is frequently used, as the fish's teeth would cut through an
ordinary line. Where iron wire is used the salt water rusts it rapidly,

and unless the precaution is taken to dry off the wire and oil it after

using it can not be used for more than a couple of days. Sinkers
of an ounce or two in weight are generally employed with fine line.

Many of the small spoons on the market have' very cheap hooks,
and these are apt to straighten out or break with the strain of a large
fish. Hooks 01 the best steel will, however, stand up to this strain.

One of the favorite spots for anglers is at the falls on the Willamette
River at Oregon City, Oreg. Another is on the Clackamas, a tribu-
tary which debouches into the Willamette near here. "WTien the
spring run of salmon appears in April, hundreds of anglers, many of

them from far distant points, appear to participate in the sport
during this month and in May. Many noted sportsmen have fished
for salmon at these spots. Among them was Rudyard Kipling,® and
his experiences were woven into a classic short story.
The fishing ground is spread over a mile's length of the river, from

Clackamas rapids to the deadline at the falls. It is not an uncommon
sight to see 500 boats, each containing from one to six fishermen
and fisherwomen, dotting the river on favorable days during the
season.
Two methods of fishing are followed. The most popular is to

anchor at the head of the Clackamas rapids or in 3v^'ift water near
the falls and allow the rush of water to spin the trolling hook. In
the longer lengths of quieter water the sportsmen troll in slow motor
boats or rowboats.
An inexperienced boatman is apt to find fishing in the rapids or

near the falls somewhat dangerous, as the swift water may overturn
his craft and carry him to his death before help can reach him.

There is a fishway in the dam, so that the fisn can pass up this and
into the river above the dam. No fishing is allowed closer than 100

o It was in 1889 that Kipling fished here, and his story was repruited in The American Angler, Vol. II,

No. 2, December, 1917, pp. 415-420.
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feet of the mouth of this ladder. Up to 1915 there was a second
deadline, 600 feet from the falls, beyond which no commercial fisher-

man could onerate nets, but the Oregon J.cgislature in that year
closed the Willamette to all net fishermen from the Clackamas rapids
to the falls.

The salmon in the spring run on the Willamette will average about
25 pounds each, but examples weighing 50 pounds and over are not
uncommon.

In 1914 the Salmon Club of Oregon was formed of anglers who
desired to encourage the use of light tackle in the takitig of large game
fish, in place of the extremely heavy tackle heretofore used. The
following rules were adopted

:

The rods used may be made of any material except solid bamboo cane. They must
not be less than 5 feet in length and weigh not over 6 ounces.
The line must not lie heavier than the standard nine-thread linen line.

Any style of reel or spoon may be used and the wire leader must not exceed 3 feet
in length.

The angler must reel in his fish, ])ring it to gaff unaided, and must do the gaffing
himself. If a rod is broken at any time during the struggle with the fish it will dis-
qualify the catch.

As a reward of merit the club awards ])ronze buttons to all anglers
taking, on light tackle, salmon weighing 20 pounds or over; for a fish

weighing over .30 pounds a silver button is given, and for any salmon
over 40 pounds the lucky angler receives a gold button. Numerous
additional prizes are also given by pul)lic-spirited citizens.

Tlie season for light tackle on the Willamette River and all other
inland streams of Oregon has been fixed by the club from January
1 to July 1.

In 1915 the first angler to win a gold button on the Willamette
River did so on April 18, when he took a 42^-pound salmon. On
the same day this same angler also won a silver button for a 32^-
pound fish and a bronze button for a 26-pound fish.

DANGERS TO THE INDUSTRY.

Man is undoubtedly the greatest present menace to the perpetua-
tion of the great salmon hsheries of the Pacific coast. When the
enormous number of fishermen engaged and the immense quantity
of gear employed is considered, one sometimes wonders how any
of the hsh, in certain streams at least, escape. High water or low
water, either of which will prevent certain forms of apparatus from
fishing to any extent while such conditions prevail, storms which
impede fishing, and the hundred and one small things which in
the aggregate are of considerable importance, ho^vever, all aid in
assisting the salmon in dodging the apparatus and reaching the
spawning beds in safety, while, unless the stream is completely
blocked by a tight barricade, an indeterminate number of salmon
will escape all the pitfalls man and animals may set for them.
In some sections an almost idolatrous faith iii the efficacy of arti-

ficial culture of fish for replenishing the ravages of man and animals
is manifested, and nothing has done more harm than the prevalence
of such an idea.

While it is an exceedingly difficult thing to prove, the concensus of
opinion is that artificial culture does considerable good, yet the very
fact that this can not be conclusively proven ought to be a warning
to all concerned not to put blind faith in it alone.
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When salmon are stripped by man, the eggs fertilized and retained
in hatcheries until the young are born, and then planted as soon as
the yolk sac has been absorbed, it is manifest that the only saving
over the natural method is in reducing the loss in the egg stage.

We know that many eggs, after being deposited naturally on the
spawning beds, are devoured by other fishes, vv'hile sudden freshets

and occasional droughts also claim their toll of eggs. It is higlily

f)robable, although we have no positive data on this point, that these
osses far exceed those experienced in artificial salmon culture, and
whatever this difference is it represents the extent to which salmon
hatcheries should be credited as preservers of the industry.

In the opinion of the author, the best way in which to conserve the
fisheries oi the coast is by enacting and enforcing laws under which
a certain proportion of the runs v/ill be enabled to reach the spawning
beds and perform the final and most important function of their

lives unmolested. If this is done, there can be no question of the
perpetuation of the industry, and if it is then supplemented by the
work of hatcheries, wiiich would reduce the loss in the egg stage,

assurance on this point would be made doubly sure.

If unrestricted fishing is to prevail, however, with a dependence
upon hatcheries alone to repair the ravages of man, the industry will

suffer seriously, for, from the very nature of tilings, less and less fish

will annually escape through the fishing zone, resulting in a continu-
ally lessening quantity of eggs being obtained at the hatcheries, and
finally the latter will have to close down from sheer lack of material
upon which to work.

Should eggs be brought to the hatchery from other streams, it

would merely be "robbing Peter to pay Paul," and in the end thf»

same result would follow in those streams.
Fortunately these matters are becoming increasingly^ plain to the

people of the various States, provinces, and territories concerned,
and, while a few selfish persons in each are seeking solely their own
enrichment oy any means possiole, the greater number of those
interested in fishing operations want to see the industry perpetuated
and are w^illing to do almost anything that will work to this end.
The rapid increase, during recent years, of salmon trolling and purse

seining on the feeding banks off the mouth of the Columbia River and
outside the Strait oi Juan de Fuca and elsewhere on the coast has
resulted in the taking of large quantities of small and immatiire
salmon, and alarm is now felt lest the runs of chinooks and cohos be
seriously depleted. Several thousands of large and small boats are

being operated on these grounds from five to eight months of the year,

and wliile, when prices were comparatively low, but few of these

immature fish were marketed, the high prices \v^hich have prevailed
during the last four years have caused such an intensity of fishing that
many thousands are now caught each season.

Investigations" by experts off the mouth of the Columbia in 1918
show that a large proportion of the chinook salmon caught by trolling

are 2 and 3 years old. These are generally sold to the canners, who
separate them into two groups, those under 5 pounds and those over.

Those under 5 pounds are called ''graylings" by the fishermen, but a
mere glance at them is sufficient to establish their real identity. The

a The Taking of Immature Salmou in the Waters of the State of Washington. By E Victor Smitli
State of Washington, Dept. of Fisheries. 44 pp., 8 pis. 1920.
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reports of one cannery during the period from May 11 to May 29

showed ther(^ had been received 4,061 pounds of these (ish, none of

which weighed 5 pounds. From May 30 to Juno 12 this same can-

nery received 548 of these fish having a total weight of 1,483 pounds.

As the owTier of this cannery was decidedly opposed to tht; purchase

of these fish, and only bought them b(>cause liis regular fishermen

would have gone to other cannerymen with their full-sized fish had ho

not taken the immature ones, it is probable that the cannerymen
who were not opposed to the practice received a greater proportion of

immatm'o fish than he.

An idea of the smallness of these immature salmon may be gained

when it is stated that the average weight of sexually mature chinook

sahnon running into the Columbia River is about 22 pounds.

These small chinooks are saitl to produce a very inferior quality of

canned goods, being rated as second and tliird grade. The meat is of

an ashy color, poor in fat content, and insipid in taste.

Off the Strait of Juan de Fuca the same condition of affahs

existed as off the Columbia River, with the added complication that

many immature cohos were also captured.

The immature feeding coho deteriorates when taken from the

water even more rapidly than does the immature feeding chhiook.

Within 24 hours of being taken from the water the abdomens may be

broken open, the ribs protrude freely, and the flesh begins to deteri-

orate. It was early found that it was impossible, except through the

exercise of extraordinary precautions, to get these fish to the up-

sound canneries before it was too late, so that of recent years only

canneries situated adjacent to the banks were enabled to use them.
The sale of young salmon in the fresh fish markets" of Seattle and

other Fuget Sound cities has been common for years. They are mar-
keted usually as "salmon trout."

It is an economic crime to catch and kill these immature salmon,

as but little money is obtained for them, while if they were allowed

to attain maturity they would increase in weight, in the case of the

chinook nearly 1,000 per cent on the average and in the case of the

coho about 100 per cent in four or five months time.

Another bad feature of trolling operations off the mouth of the

Columbia River is that trollers, because they operated outside the

3-mile limit, were exempted from the observance of the regular closed

season, operative in the river from August 25 to September 10. As a

result of this, fishing was carried on continuously throughout the run;

most of the gill netters who had to stop fishing in the river put their

nets ashore and went outside and engaged in trolling, while canneries

on th<> river bought and canned all the fish brought in. In 1917 the

Washington Legislature enacted a law prohibiting possession wdthin

the State during the closed season, except for personal use, of salmon
caught beyond the 3-mile limit outside the Columbia River. The
State court, on trial, held this to be unconstitutional as being an
interference with interstate and foreign commerce.
Oregon also adopted the same law as Washington, and on trial this

was upheld as constitutional on October 3, 1919, by the Or(>gon

circuit court. However, th(^ law will be of no value if valid in only

one State, as if enforced there the fishermen will seU their catches

in the other State.
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It is quite plain that the salmon runs entering the Columbia River
and the Strait of Juan de Fuca can not long continue to exist under
this terrific chain upon the immature and mature fish. In the latter

section the sockeyes and humpbacks are rapidly being exterminated,
and it is probable that the chinooks and cohos, the especial victims in

this attack, will soon show signs of exhaustion.

The State authorities appear to be helpless in these matters, but an
enactment by the Federal Government could be maintained, as the

principle has been applied to fishery matters elsewhere, notably the

spring mackerel closed season for five years and the sponge law relat-

ing to the landing of midersized sponges taken from the grounds off

the Florida coast.

Next to the fishing operations of man, the gravest danger to the

salmon fisheries of the Pacific coast lies in the pollution of the rivers

which the salmon ascend for spawning purposes. The salmon, both
old and young, require pure cold water, and the immense runs which
have annually ascended the streams for many years are doubtless

due to the fact that such conditions have prevailed in them. The
large increase in the population of the coast States within recent

years, with the resulting increase of mills and factories, has greatly

increased the amount of sewage from cities and towns and the waste
of the manufacturing plants. Many of the latter have also con-

structed dams without adequate fishways, and these also wreak great

havoc to the industry by cutting the fi.sh off from the upper reaches

of the rivers upon which constructed.

The emptying of sewage into streams ought to be made a crime.

It is an exceedingly crude method of dealing with it, and, instead of

disposing of the filth, merely transfers it from one place to another,

making the water unfit for use at points farther downstream and
spreading diseases and death amongst not only the finny but also

human users of it.

In the present condition of sanitary science it is a comparatively
easy matter to dispose of this filth by modern septic devices, and a
number of cities are now disposing of their sewage in this manner.
The irrigation ditch, a comparatively new product on this coast,

while of great benefit in developing the arid lands in certain sections,

as at present operated is a considerable menace to the salmon fisheries.

But few ditches have screens at their head, and as a result many
thousands of young salmon slowly making their way to the ocean
home pass into and down these to an early doom. Every owner of

such a ditch should be compelled to place at its head a screen with
fuie enough mesh to prevent absolutely the passage through the

same of even the tiniest baby salmon.
Next to man and his methods the trout is undoubtedly one of the

greatest enemies of the salmon. The Dolly Varden follow the salmon
from the sea to the spawning beds, and when the eggs are extruded
devour countless thousands of them. Many and many a time the

writer has seen on the spawning beds female red salmon swimming
around with a cloud of trout spread out behind like a fan, following

her every movement, eagerly waiting for the moment when the eggs

shall appear.
In the summer, when the young are heading for the sea, the trout

are lying in wait for them and again take their toll of countless

thousands.
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Much is said by certain pcoplo of the ravages amongst the salmon
of certain animals, as the seal, sea lion, bear, eagle, kingfisher, crane,

duck, loon, and hawk. Whilt> in the aggn'gato the ravages of these
animals are considerable, (hey are not a drop in the bucket as com-
pared with the dhect or indirect ravages of man and his agencies.

FISHING SEASON IN ALASKA.

There is much interest manifested in the beginning and end o^
the salmon-fishing season for the more important waters of the variou^
regions of Alaska. The following table, extracted from United State^
Bureau of Fisheries Document No. 838, "Alaska Fisheries and Fu^
Industries in 1916," pages 48 and 49, gives dates taken from the
statistical reports made by the canning companies. The earliest one
reported b}^ any company doing much fishing has been accepted as

an opening date, while the closing date was determined by taking
the day nearest to which major operations ceased.

Fishing Season in the Canning Industry for Salmon Caught in Certain Im-
portant Waters in Alaska in 1916.

Locality.

Coho.

Fishing Fishing
ended—

Chum.

Fishing
began—

Fishing
ended—

Southeast Alaska:
Chatham Strait
Prince of Wales Island, west side
Cordova Bay

,

Clarence Strait

—

Southern section
Northern section

Behm Canal
Bevillagigedo Channel
Stephens Passage
Peril and Sumner Straits
Frederick Sound
Icy Strait and Cross Sound
Lynn Canal
Baranof Island, west side
Chichagof Island, west side ,

Portland Canal
Iphigenia Bay
Yakutat Bay and vicinity

Central Alaska:
Bering River

,

Martin River
Copper River Delta
Copper River, lake and canyon .• . .

.

Controller Bay
Cook Inlet

,

Prince William Sound-
Eastern section

,

Western section
,

Afognak streams—
^Vestem part
Eastern part

Karluk
Red River

,

Uganik
Oiga Bay
Chignik Bay
Ikatan Bay
Cold Bay, Thin Point, and King Cove.
Morzhovoi Bav
Pavlof Bay. .

.

"

Western Alaska:
Kvichak Bay

,

Naknek, Ugaguk, and Ugashik Kivers.
Nushagak Bay

,

Nushagak River
Port Moller
Nelson Lagoon
Kotzebue Sound

June 1

June 15
...do

Sept. 27
Sept. 23
...do

June 1

Julv 1

...do

Sept. 30
...do....

...do....

June 10

July 20
June 15
Jime 27
July 4

June 24

Jime 22
June 15
July 7
July 4

Aug. 15
Aug. 16
June 8
Aug. 25

Sept. 29
Sept. 30
Oct. 20
Sept. 29
Oct. 4

Sept. 27
Sept. 21

Sept. 20
Oct. 1

Sept. 20
Sept. 15
Sept. 9

...do
Sept. 28

June 27
Aug. 13
June 15

Jime 27
June 22
July 1

Sept. 14

Mav 29
July 7

June 20
Aug. 5
July 8

Sept. 29
Oct. 17

Oct. 20
Sept. 29
Oct. 3
Sept. 30
Sept. 23
Sept. 27
Oct. 1

Sept. 20
Sept. 15
Sept. 3

May 12
May 31
Aug. 24

JiUy 2

July 1

Sept. 24

Sei)t. 16

Sept. 25
Aug. 27

Sept. 30

May 12
May 31

Sept. 24
Sept. 18

June 24

Jime 23
July 7

Aug. 23

Sept. 24
Aug. 4

Aug. 15
June 3

Oct. 20
Oct. 2

Aug. 15
June 8
Jime 28
Mav 22
June 28
June 9

Oct. 10

Sept. 1

Sept. 9
.Tulv 25
Aug. 15
Aug. 11

June
June

Oct. 2
July 21

June 8
June 12
May 22
June 28
Jime 9

Sept. 1

Sept. 8
July 25
Aug. 15
Aug. 11

June 11 Aug. 1

June 11

June 24

June 7

Aug. 4

Aug. 6
Aug. 9

July 20 Sept. 1

June 11

June 21
Jime 11

June 23
June 7

July 1

Aug. 1

July 31

Aug. 4

Aug.
Aug. 9

Aug. 7
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Fishing Season in the Canning Industry for Salmon Caught in Certain Im-
portant Waters in Alaska in 1916—Continued.

Locality.

Southeast Alaska:
Chatham Strait

Prince of Vi'ales Island, west side
Cordova Bay
Clarence Strait-

Southern section
Northern section

Behm Canal
Revillagigedo Channel
Stephens Passage
Peril and Sumner Straits

Frederick Sound
Icy Strait and Cross Soimd
LjTin Canal
Baranof Island, west side
Chichagof Island, west side
Portland Canal
Iphigenla Bay
Yakutat Bay and vicinity

Central Alaska:
Bering River
Martin River
Copper River Delta
Copper River, lake and canyon
Controller Bay
Cook Inlet
Prince William Soimd

—

Eastern section
Western section

Afognak streams-
Western part
Eastern part

Karluk
Red River
Uganik
Olga Bay
Chignik Bay
Ikatan Bay
Cold Bay, "Thin Point, and King Cove
Morzhovoi Bay
Pavlof Bay

Western Alaska:
Kvichak Bay
Naknek, Ugaguk, and Ugashik Rivers
Nushagak Bay
Nushagak River
Port MoUer
Nelson Lagoon
Kotzebue Sound

Humpback.

Fishing
began—

June 1

July 1

June 15

June 27
Aug. 13
June 15
Jime 27
Jime 22
June 21

June 1

July 7

June 20
Aug. 1

July 8
June 8
July 15

J!av 12
Mav 31

July 23
June 27

June 28
July 9

June 20
July 15

June 3

Jime S

Jime 5
June 8
June 12

Mav 22
June 28
June 9
Aug. 7

June 11

June 11

June 17
Jime 7

Fishing
ended—

Sept. 30
...do
..do.

Aug. 16
Oct. 17
Oct. 20
Sept. 29
Sept. 21

Sept. 30

Sept. 27
Aug. 24

Sept. 20
Sept. 15

Sept. 3
Sept. 9
Aug. 10

Sept. 21

Sept. 16
Aug. 8

Aug. 27

Sept. 24
Aug. 1

Aug. 15
Sept. 16
Oct. 2

July 21

Oct. 10
Sept. 1

Aug. 31

July 25
Aug. 15

Aug. 11

Aug. 15

Aug. 1

Aug. -1

Aug.
Aug. 9

King.

Fishing

June 1

June 27

Jime 16
May 9

May 21

June 2

June 22
May 12

...do
May 31

May 27

June 3

June 8
June 12

May 22

June 9

June 11

June 21

June 11

June 8

Jime 7

...do

Fishing
ended—

Sept. 22

Aug. 30

July 16
July 12

July 15

Aug

June 28
July 9
..do
Sept. 16

Aug. 27

Oct. 2

Sept. 1

Aug. 31
Julv 25

Aug. 11

Aug. 1

Julv 31

Aug. 4

Julv 28
Aug. 9
Julv 21

Red.

Fishing
began—

June 1

Jime 15
...do

June 8
July 13

Jime 15
June 27
June 21

June 27
June 22
May 21

Jime 2-1

Jime 8
Aug. 1

July 8
June 8
June 2

June 6

Juno 12
May 12
May 31

May 27
May 30

June 20
June 17

May 15
June 1

Jimo 3

June 8
June 5

June 8
Jime 12
May 22
Jime 28
June 9

June 11

Jime 21

Jimc 11

June 13

June 7

...do

Fishing
ended—

Sept. 12
Sept. 23

Sept. 29
Sept. 7
Oct. 16
Sept. 29
Oct. 3
Sept. 9
Sept. 21

Sept. 15
Oct. 1

Sept. 20
Sept. 1

Aug. 18
Sept. 9
Aug. i

Aug. 7
July 9
Aug. 15
Sept. 16
Aug. 15
Aug. 27

Sept. 24
July 23

July 31
Oct. 20
Oct. 2
JiUy 21

July 27
Sept. I

Sept. 9
July 25
Aug. 15
Aug. 11

Aug. 1

Julv 31
Aug. 4

Aug. 6
Aug. 9
Aug. 7

FISHERMEN AND OTHER EMPLOYEES.

FISHERMEN.

White men do the greater part of the fishing for salmon, many-
nationalities being represented, but Scandinavians and Italians pre-

dominate almost everywhere. A number of Greeks are to be found
fishing in the Sacramento, while Slavonians do most of the purse

seining on Puget Sound. The native-born American is not often

found actually engaged in fishing, but frequently is the owner of the

gear or has a responsible position in the packing plants.

A number of Indians participate in the fisheries of Alaska and a

few fish in Washington. The only Chinese engaged in fishing are in

Monterey Bay. A number of Japanese also fish in this bay, which is

the only place in American territory where they fish for salmon. A
considerable number of Japanese engage in fishing in Canadian waters.
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In many places on the coast, particularly in Alaska, fishing is a

hazardous occu])atioti. In Alaska most of it is done in the i)ays,

sounds, and straits, whore storms are frequent, and th(; annual loss

of life is heavy. The records of the Alaska Fishermen's Union show
for its members the following losses of life by drowning: 1905, 10
men; 1906, 5 men; 1907, 10 men; 1908, 17 men; and 1909, 17 men.
The fisherrnen early saw the advantages of organization, and nearly

every river now has a u!iion which is su})or(linate to the general
organization. One of the most typical of these is the Alaska Fisher-

men's Union, which has active jurisdiction over all sections of Alaska
except a portion of southeast Alaska. This organization enters into

contracts with the salmon canneries and salteries, hy which the rates

of wages, duties, etc., of the fishermen are fixed m advance for a
certain period—three years—up until 1918, when an agreement was
made for only one year. The same was true in 1919. As a result of

this mutual agreement upon terms but little trouble is experienced
with the fishermen, who generally conform scrupulously to the terms
of the contract, and strikes and bickerings, which were very common
some years ago, are now almost entirely absent.

CANNERY LABOR.

NATIONALITIES.

In the early days canning was a haphazard business and workmen
came and went as common laborers do in the wheat fields of the West.
As the business increased in importance and the need of skilled labor

became imperative, men were put to certain work and kept at it from
season to season, with the result that in a few years a corps of highly

skilled workers had been evolved, and this had much to do with the

rapid extension of the industry.

For many years Chinese formed the greater part of the cannery
employees, the superintendent, foreman, clerks, machinists, and
watchmen alone being white. No other laborers have ever been
found to do the work as well or with as little trouble as the Chinese.

In times of heavy runs, when the cannery would have to operate almost
day and night in order to take advantage of what might be the last

run for the season of the sometimes erratic salmon, the Chinese were
always willing, even eager, to do their utmost to fill the cans, and, if

fed with the especial food they insisted upon having and due regard

was had to certain racial susceptibilities, the cannery man could

almost invariably depend upon the Chinese doing their utmost.

The Chinese-exclusion law cut off the supply of Chinese, and as the

years went by and their ranks became decimated by death, disease,

and the return of many to China, the contractors were compelled to

fill up the rapidly depleting crews with Japanese, Filipinos, Mexicans,

Porto Ricans, etc., w^th the result that to-day in many canneries

special quarters have to be provided for certain of the races—more
Earticularly the Chinese and Japanese—in order to prevent racial

atred from engendering brawls and disturbances.

In Alaska the Japanese now compose about one-half of the caimerv
em])loyees. While a few cannery men express themselves as well

pleased with this class of labor, the majority find it troublesome.

11312°—21 7
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In Alaska and at a few places in the States Indians are employed
in the canneries. In Alaska more would be employed if they could be
secured. They make fair work people, but are rather unreliable about
remaming through the season.

CHINESE CONTRACT SYSTEM.

Cannery labor is supplied largely through the contract system
In the large cities along the coast are agencies, mainly owned by
Chinese, which make a specialty of furnishhig labor for canning.
In the agreement between the canning company and the contractor

the company guarantees to pack a certain number of cases during
the coming season, and the latter agrees to do all the work from
the time the fish are delivered on the wharf until they are ready
to ship at the end of the season for a certain fixed sum per case.

Should the cannery pack miore than the guaranteed number, which it

usually does if possible, the excess has to be paid for at the rate per

case already agreed upon, while if the pack for any reason should fall

below the contract amount, the company must pay for the shortage

the same as though they had been packed. The company transports

the Chinese to the field of work and carries them to the home port at

the end of the season. It provides them with a bunk house and fur-

nishes fuel, water, and salt. The contractor sends along with each
crew a "boss," who has charge of the crew and furnishes their food,

the company transporting this free.

While this contract system met with favor from some of the can-

nery men because it relieved them from the annoyance and trouole

involved in hiring, working, and feeding their cannery gangs, others,

and these the most farsighted, from the early days of the industry

viewed it with suspicion and distrust and in a few instances refused

to have anything to do with it. While the plan apparently met with
no objection from the Chinese when they were the only ones engaged
in the work, as soon as other races began to be employed disputes

became common, and it is probable that to-day it is the most unpop-
ular feature of the industry from the common workers' standpoint,

and mainly because of the abuses which have grown up in connection

with it.

Since the beginning of the present century there has been a steady
expansion of the salmon-canning industry, with a consequent heavy
demand for camiery labor. As a result of the operation of the Chinese-

exclusion act during this period the number oi Chinese available has

been steadily declining; in fact, most of the Chinese now employed
are mainly men well along in life, as the few comprised in the rising

generation do not wish to follow in their fathers' footsteps. As a

result the oriental gang now comprises many nationalities.

The great increase in the number of canneries during the period

noted, with the resulting demand for labor, led to the introduction

of other nationalities, more notably the Japanese, into the ranks of

the Chinese contractors. Many of these operated with very little

or no capital and when a bad season occurred they usually passed
their losses, in whole or in part, onto their workers, usually by abscond-
ing, and when the latter attempted to come back onto the owner of

the plant the latter successfully pleaded the fact that he had made
a contract with the contractor to do the work at a certain fixed sum
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per case, that the stipulated price had hcen paid him, and if he fulled

lo selll(> with the men it was no concern of tlie canner.
The contractor, under his agreement with the canner, has the right

to feed his employees from the ime they k'ave the iiome ])ort until

they return, and tliis is a most prolific source of profit and graft

to Jiim and of trouhle to the canner. When the workers comprise
orientals alone, the food question rarel}' trouhles as then rice, which
is the staple food and is also as a rule c^uite cheap, meets with
the approval of all. But since the gangs now comprise almost as

many nonorientals as there are orientals, and the former find it im-
possible to exist, let alone thrive, on rice, much trouble results when
the contractor furnishes them with an undue proportion of the latter

in the dail menu. As a result of this condition oi affairs, some of the
more far-seeing companies now compel the contractor to furnish each
nationality wnth food to w hich they are accustomed and in suflicient

quantities. Eternal vigilance is required in this matter, however,
as the wuly oriental is always seeking an opportunity to increase his

]irohts by cutting the quantity of food to the minimum and by forcing

as much rice as possible upon the employees Innumerable strikes

in the canneries can be traced directly to dissatisfaction with the
quantity, kind, and quality of food furnished to the men by the
contractor's agent; and the resulting losses, which are sometimes very
large, as the strikes generally occur when the cannery has plenty of

fish, fall upon the cannery men.
Nearly all of the workers are ignorant men ; in most cases they have

but little knowledge of English, the language in which the contract
is printed, and as no paternal Government watches over them to see

that they understand thoroughly the terms of the contract and that
it is fulfilled on the part of the employer, as is done in the case of the
sailors and fishermen, some of them discover at the end of the season
that their pay does not come up to the glowing promises of the agent
who recruited them and also frequently discover that there are various
fines provided for in the contract, which, while they do not work an
injustice when the contractor is honest, yet in the hands of an unscru-
pulous and grasping contractor, frequently operate to the financial

disadvantage of the worker.
Some of the dishonest contractors have developed other methods

for fieecing their employees. Sometimes they will furnish to their

contract workers, either directly or tlu'ough some concern in which
they have financial interests or which w^ill pay them a commission, an
outfit comprising clothing, blankets, shoes, etc., at a price two or
three hundred times its real value. The worst feature of many of

these outfits is that they are woefully inadequate for use in the
climate to which the cannery ship is bound. Some unscrupulous
contractors also sell goods to the workers at extortionate prices w^hile

at the cannery The latter is usually not permitted by the canners,
who generally operate a store of their own where the men can as a rule
obtain goods as cheap as they can be bought in either San Erancisco
or Seattle.

Orientals are inveterate gamblers, and there are usually several
sharpers with each cannery gang, generally w^ith the connivance of
the contractor's agent—although it is usually an ini|iossibility to
prove this legally—and they inveigle the green hands into all sorts of

gambling games, and in this manner frequently succeed in winning
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all or part of their season's wages. That those in charge of the gang
are well aware of what is going on is patent when it is stated that the
men are not paid off until they return to the home port at the end of
the season, and that no considerable claim on the wages due a worker
can be paid unless the contractor or his agent knows what it is for.

Sometimes when dealing with a canner who is insistent upon seeing
justice done to the members of the oriental gang, and the number of

these is increasing rapidly, an effort is made to camouflage these
gambling debts by charging them up on the books as clothing or
goods furnished the worker.
As a result of these evils, a number of the cannerymen have dis-

continued the practice of making Chinese contracts and deal directly
with their men. When this is done, it is but rare to hear of a strike

due to food supplied, as the cannerymen, when the matter is put
directly up to them, realize that the only way in which they can
expect adequate work from their employees is by seeing that they
are given the proper kind and quantity of food and that they operate
under decent working and living conditions.

A few of the cannerymen who still retain the old system endeavor
to eradicate so far as possible the evils of it by a close supervision
over the food supplied the men and by having a representative
present at the season's pay-off in order to see that no attempt is made
to cheat the men out of their wages. Unfortunately, however, some
of them feel that they have done their full duty when they have
made a contract with someone, no matter what his financial responsi-

bilit}^ may be, and have paid him the agreed upon sum at the end of

the season, doubtless feeling that the rest is the concern alone of the
men.

In a very few instances the members of the oriental gang are still

shoved into inadequate and insanitary quarters aboard ships, and
at the canneries are housed in quarters which are a disgrace to any
modern packing plant, but, fortunately, these conditions, as stated,

prevail now with but comparatively few of the companies. The old

"China" house, in which was housed the whole oriental gang like

rabbits in a warren, has been largely superseded by cottages, each
housing from 8 to 16 men, and these are numerous enough to permit
of the various nationalities flocking by themselves. Bathmg facilities,

with hot and cold water, are fairly common, and opportunities for

washing clothing are frequent.

FISHERIES OF BOUNDARY WATERS.

Waters which form the boundaries between States or between
nations, and in which fishing is carried on by the citizens of both,
have almost always proved bones of contention, and the Pacific

coast has been no exception to the rule.

WASHINGTON AND OREGON.

The Columbia River, which forms the boundary between Oregon
and Washington, affords a typical example of the evils which can
result from a division of responsibility between two States. For
many years each State enacted laws regulating the fisheries of the
river with very slight regard usually tolaws already in force in the
other State. As a result of this the fishermen tran,iferred their
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rosiflence for license purposes from State to State as the laws of one
or tlio other l^est suited their particular purposes.
The iishermen and pack(MS also were in apparently irreconcilable

conflict as to the proper means to be taken to conserve the fisheries,

and each session of the legislatures saw strong lobbies present to

work for certain selfish ends, while the few earnest men who had the

real welfare of the fisheries of the river at heart had difficulty in

making the slightest headway against the infiuence of these lobbies.

To further complicate the matter, in 1894 Oregon claimed that,

under the provisions of the enabling act admitting it as a State, it

had jurisdiction to the Washington shore, and proceeded to arrest

Washington men who were fishing in what was the open season
according to Washington law but the closed season under Oregon law.

In June, 1908, the voters of the State of Oregon had presented for

their consideration two bills radically affecting the waters of (Columbia
River. One proposed closing the river east of the mouth of tli e Sandy
River against all fishing of any kind except with hook and line, and
was originated by gill-net fishermen of the lower river for the purpose
of eliminating fish wheels in the upper waters. This bill was the first

presented to the people, and wlien it appeared the upriver men
retaliated by presenting a bill affecting the lower river to such an
extent that it practically prohibited the net fishermen from operating.

Very much to the surprise of all concerned both bills were passed
and became laws on July 1, to take effect, as provided, on August 25
and September 10, respectively. The Oregon master fish warden
proceeded to enforce both laws, arresting all violators on both sides

of the river, irrespective of whether or not they were operating under
a Washington or Oregon license, and incidentally did the fisheries a

great service by bringing prominently before the public the anoma-
lous condition of affairs which was occasioned by the archaic system
under which the fisheries of the Columbia were governed. The State
of Washington appealed to the United States courts, which, after

argument, issued an injunction preventing the warden from enforc-

ing the laws so far as the Washington fishermen were concerned.
In the meantime the attention of the General Government had

been drawn to the apparently irreconcilable conflict between the two
States, and fearing tnat in the melee the interests of the fisheries

would be lost sight of. President Roosevelt, in a message to Con-
gress, after reciting briefly the lack of harmony in jurisdiction by the
States, recommended that the General Government take over the
control of the fisheries of the Columbia, as well as other interstate

rivers.

This had the effect of bringing matters to a head, and negotiations

were soon in progress looking to the preparation of a treaty between
the two States by which uniform laws would be adopted, and thus
each State have concurrent jurisdiction to the opposite shore of the
river. The legislatures each appointed a committee of eight mem-
bers to confer and frame joint legislation. The two committees met
in Seattle, Wash., early in 1909, and agreed upon the following

recommendations

:

First. A spring closed season from March 1 to May 1

.

Second. A fall closed season from August 25 to Septemlier 10.

Third. A Sunday closed season from H v. m. Saturday of each wee'k to 6 p. m. the
Sunday following between the 1st day of May and the 25th day of August.
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Fourth. We suggest the mutual recognition by each State of the licenses issued to

floating gear by the other State.

Fifth. That the State of Oregon repeal chapter 89 of the session laws of Oregon
for the year 1907, relative to the operation of purse seines and other like gear on the
Columbia River.

Sixth. We recommend the enactment of similar laws in both States carrying an
appropriation of at least $2,500 in each State and providing for the destruction of

seals and sea lions and the granting of a bounty on the same, to be $2.50 for seals and
$5 for sea lions.

Seventh. We recommend the repeal of both the fish bills passed under the provi-
sions of the initiative and referendum in June, 1907, by the people of the State of

Oregon, said bills being designated on the ballot as 318, 319 and 332, 333.

The recommendations were enacted into law by both States, and
at the same time the State of Washington in its bill also prohibited
fishing for salmon within 3 miles of the mouth of the Columbia
between March 1 and May 1 and between August 25 and September
10, or salmon fishing on tributaries of the Columbia, except the Snake,
between June 1 and September 15; and also prohibited fishing for

salmon by any means save by hook and line in the Kalama, Lewis,
Wind, Little White Salmon, Wenatchee, Methow, and Spokane
Rivers and in the Columbia River 1 mile below the mouth of any of

the rivers named. The agreement was subjected to a rather severe
strain, however, when it was discovered that the Oregon Legislature
had failed to provide the same closed periods for the tributaries that
were enacted for the Columbia, thus leaving the Willamette, Clacka-
mas, Lewis and Clark, and Youngs Rivers and Spikanon Creek open
to fishing for 15 days in March and 15 days in April, while the
Columbia was closed. The cry of bad faith was at once raised by
the Washington fishermen, and for a short time it appeared that the
agreeinent would be broken at the very beginning. The Oregon
Board of Fish Commissioners took the matter up, however, and by
order closed these streams to all fishing "during the times of closed

season on the Columbia, and thus restored peace once more.
This agreement continued in force until 1915, when the legislature

of each State prepared for a thorough revision of its fishery code. In
order to make this revision inore efiective, committees from both
legislatures were appointed and held joint meetings in Portland,
where they mutually agreed upon laws covering the fisheries of the

Columbia River, and in order to make this agreement more binding
the following chapter was inserted in the codes finally adopted

:

All laws and regulations now existing, or which may be necessary for regulating,

protecting, or preserving fish in the waters of the Columbia River, over which the

States of Oregon and Washington have concurrent jurisdiction, or any other waters
within either of said States, which would affect said concurrent jurisdiction, shall be
made, changed, altered, and amended in whole or in part only with the mutual
consent and approbation of loth States.

As such an agreement between two States requires the approval
of Congress, a bill ratifying the same was introduced in Congress on
December 16, 1915, but was not finally ratified until A])ril 1, 191S.

While the compact was pending in Congress, the Washington
legislature at its 1917 session made several changes in the existing

fisheries law and contended they were effective because the com-
pact agreement was not ratified by Congress until 1918, which then
did not take recognition of the new regulations. When the matter
came officially before the superior court of Pacific County, Wash.,
in 1919, the court held that the compact was valid, thus nullifying
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laws pnssod by tho State of Washington aflCcling the Coliiin])ia

Ivivor siiioo 1915, and if this docision stands in tho higher courts of

l)oth States all laws passed by either legislature since 1915, affecting

the Columbia lliver iisheries, will fail unless they happen to be the
same in both States.

WASHINGTON AND BRITISH COLUMBIA.

The conditions which prevail in Puget Sound adjacent to the
l>oundary between Washington and British Columbia have also been
the cause of serious anxiety to those interested in the perpetuation
of the salmon (islieries. The great schools of sockeye salmon which
are on their way from the ocean to the spawning beds in the i^'raser

Rivei- pass through tliis section, and it is here that the greater part of

the fishing is done. The Province of British Columbia and tlie State
of Washington are vitally interested in the preservation of these

lish, ])ut. unfortunately, they seem unable to agree upon any definite

policy with regard to their conservation, although it would appear
to the unprejudiced observer that it ought to be possible to find some
common ground upon which they could agree.

This condition of affairs on Puget Sound and similar conditions in

other boundary waters led the General Government to take up the
matter, and on April 11, 190S, a convention was concluded between
this country and Great Britain for the protection and preservation
o the food fislies in international boundary waters of the United
States and Canada. Both Governments appointed international
commissioners—Dr. David Starr Jordan for the United States and
S. T. Bastedo (who was succeeded later by Prof. Edward Ernest
Prince) for Canada—whose duty it was to investigate conditions pre-
vailing in these waters and to recommend a system of uniform and
common international regulations. After an exhaustive investiga-
tion the commissioners submitted recommendations, which included
the following aflecting the boundary waters dividing the State of

Washington and the ProA ince of British Columbia, these waters
being defined as the Strait of Juan de Fuca, and those parts of Wash-
ington Soinid, the Gulf of Georgia, and Puget Sound lying between
the parallels of 4S° 10' and 49° 20':

GENERAL REGULATIONS.

S. Disposition of prohibited catch.—In case any fish is unintentionally captured
contrary to the prohibitions or restrictions contained in any of the following regula-
tions, such fish shall, if possible, be immediately returned alive and uninjured to the
water.

4. Dynamite, poisonous substances, etc.—No person shall place or use quicklime,
dynamite, explosive, or poisonous substances, or electric de\'ice in treaty waters for

the purpose of capturing or killing fish.

5. Pollution of waters.—No person shall place or pass, or allow tg pass, into treaty
waters any substance offensive to fishers, injurious to fish life, or destructive to fish
fry or to the food of fish fry, unless permitted so to do under any law passed by the
legislative authority having jurisdiction.
No person shall deposit dead fish, fish offal, or gurry in treaty waters, or on ice formed

thereon, except in gurry grounds established by the duly constituted authorities.
6. Capture offishes for propagation or for scientific purposes.—Nothing contained in

these regulations shall prohibit or interfere with the taking of any fishes at any time
for propagation or hatchery purposes, and obtaining at any time or by any method
specimens of fishes for scientific purposes under authority granted for Canadian treaty
waters by the duly coi^stitut 1 authorities in Cana la and for United States treaty
waters by the duly constituted authorities in the United States.
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12. Capture of immature salmon prohibited.—No salmon or eteelhead of less than
pounds in weight shall be fished for, killed, or captured in treaty waters.

15. Salmon weirs, etc., above tidal limits prohibited.—No salmon and no steelhead

shall be fished for, killed, or captured by means of a net of any sort, any weir or any
fish wheel, above tidal limits in any river in treaty waters.

14. Close seasonfor sturgeon.—During the term of four years next following the date

of the promulgation of these regulations no sturgeon shall be fished for, killed, or

captured in treaty waters.

J.). Capture of jfish for fertilizer or oil prohibited.—Fishes useful for human food shall

not be fished for, killed, or captured in treaty waters for use in the manufacture of

fertilizer, or of oil other than oil for food or medicinal purposes.

16. Naked hooks and spears prohibited.—No spear, grappling hook, or naked hook,
and no artificial bait with more than three hooks, or more than one burr of three hooks
attached thereto, shall be used for the capture of fish in treaty waters. This regula-

tion shall not prohibit the use of a gaff in hook-and-line fishing.

17. Torching prohibited.—No torch, flambeau, or other artificial light shall be used

as a lure for fish in treaty waters.

The following regulations relate specifically to the waters named:

STRAIT OP JUAN DE FUCA AND ADJACENT WATERS.

The following regulations (62 to 66, inclusive) shall apply to the Strait of Juan de
Fuca, those parts of Washington Sound, the Gulf of Georgia, and Puget Sound lying

between the parallels of 48° 10^ and 49° 20^ north latitude:

62. Close season for salmon.-—From August 25 to September 15 in each year, both
days inclusive, no salmon or steelhead shall be fished for, killed, or captured for com-
mercial purposes in these treaty waters; provided, however, that in the waters to the

westward of a line drawn southward from Gonzales Point to the shore of the State of

Washington silver salmon, or coho salmon, may be fished for, killed, or captured from
September 1 to September 15 in each year, both days inclusive.

6.S. Weekly close season for salmon and steelhead.—From 6 o'clock Saturday morning
to 6 o'clock on the Monday morning next succeeding, no salmon or steelhead shall be
fished for, killed, or captured in these treaty waters.

It is, however, provided that in the waters to the westward of a line drawn south-

ward from Gonzales Point to the shore of the State of Washington the weekly close

season shall begin 12 hours earlier, and shall end 12 hours earlier.

64. Construction of pound nets.—All poimd nets or other stationary appliances for

the capture of salmon or steelhead shall be so constructed that no fish whatever shall

be taken during the weekly close season. The erection or addition to the pound net

of a jigger is prohibited.

65. Location of pound ne^s.—All pound nets shall be limited to a length of 2,500

feet, with an end passageway of at least 600 feet between one pound net and the next

in a linear series, such distance being measured in continuation of the line of direc-

tion of the leader of such net, and a lateral passageway of at least 2,400 feet between
one pound net and the next.
On and after January 1, 1911, the mesh in pound nets shall be 4 inches in extension

in the leader and not less than 3 inches in other parts of the net.

66. Nets other than pound nets.—No purse net shall be used within 3 miles of the

mouth of any river and no seine within 1 mile of the mouth of any river in these treaty

waters.

No gill net of more than 900 feet in length or of a greater depth than 60 meshes shall

be used in these treaty waters.

The effort to enact these regulations into law by our Congress met
with decided objections not only on the part of the Pu;et Sou-d
operators, but also from operators in other waters affected, with the

result that the bill was shelved and never acted upon finally. After

waiting a while to see if any action would be taken by our Govern-
ment, Canada finally repealed the act in which it had accepted the

regulations.

DECREASE IN SOCKEYE SALMON RUN.

In 1913 the matter of the Frazcr River-Puget Sound sockeye salmon
run came prominently to the fore through a rock slide in Hell Gate



PACIFIC SALMON FISHERIES. 105

raiivon, on tho Fraser River, caused by blasting operations of a

construction ganri; building a railroad tlirough there. Tiiis slide, it

was asserted, cutofl" the greater part of the run to the upper river, and,
it was feared, woukl have a very serious effect on future runs. By the
time the run of 1914 arrived the greater part of the del^ris had been
removed from the canyon, and the lish, it was alleged, could once more
pass up. Reports of persons who visited these spawning grounds in

191;} and subsequent years were to the effect that but few spawners,
as compared with earlier years, were to be found on them.
That the subsecpient decrease in the runs was not to be attributed

solely to tlie rock slide in Hell Gate canyon is plainly evident by a
glance at tlie pack figures in this area before antf subsequent to 1913.

The following statement shows the combined sockeye packs of the
American and Canadian packers operating on the run going to the
Fraser River:

Cases.

1915 155,714
1910 105,870
1917 « 559, 732
1918 70,420
1919 98,409

Cases.

1909 a 1, 590, 555
1910 384, 8G9
191] 189,707
1912 307,775
191

3

" 2, 401, 488
1914 534,434

.

Aside from the damage caused to the "big year" run by the rock
slide, there can be only one explanation of such a progressive decline

m the pack, and that is excessive fishing. The fishermen of both
countries are to blame for this. On the American side traps, purse
seines, and, in a slight degree, gill nets, have taken a heavy toll of the
fish as they passed through our waters. After some had safely run
this gantlet they met thousands of gill nets operted by Canadian
fishermen in and around the mouth of the Fraser River and in the
lower reaches of same, and it is a wonder that any of the schools
ever got to the spawning beds. Several abortive attempts have been
made by the authorities of Canada and British Columbia on the one
side and the State of Washington on the other to arrive at some equi-
table method for protecting this sockeye run. The former especially
have professed an earnest desire to do something along this Hne, and
there is no reason to doubt their sincerity. On the American side a
few people, and among these a few of the more intelligent canners,
pleaded for the enactment of laws that would adequately protect the
salmon, but they were overborne by the great bulk of the packers and
fishermen who, disregarding all the warnings and teachings of expe-
rience, insisted upon going ruthlessly forward with the slaugliter,

and when reproached with their shortsightedness clamored for the
establishment of more salmon hatcheries, as though the latter could
accomplisli the miracle of increasing the supply of fry from a steadily
decreasinof supply of eggs.

That this wanton destruction of one of our greatest natural
resources should have been permitted to continue unchecked by the
people of Washington and British Columbia is a most sur])rising thing,
and indicates either a most remarkable imorance of the condition,
which should have been patent to everybody, or a criminal apathy.

• The big year, which comes every fourth year.
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AMERICAN-CANADIAN FISHERIES CONFERENCE.

In 1917 a joint commission, known as the American-Canadian
Fisheries Conference, was appointed to take evidence and see if it

were possible to compose the fishery disputes which had affected the

good relations of the two countries for over 150 years. The com-
mission was composed, for America, of William C. liedfield. Secretary

of Commerce ; Edwin F. Sweet, assistant Secretary of Commerce ; and
Dr. Hugh M. Smith, Commissioner of Fisheries ; and for Canada, of

J. Douglas Hazen, Chief Justice of New Brunswick, who had been
for six years Minister of Marine and Fisheries for Canada; George G.

Desbarats, deputy Minister Naval Service; and Wilham A. Found,
Superintendent of Fisheries.

Hearings were held on the Atlantic coast in 1917 and on the

Pacific coast in 1918, and in 1919 the commission agreed upon and
presented to their respective Governments several treaties concern-

ing these matters, the only one of special interest here being the

treaty covering the sockeye fisheries of the Fraser River-Puget
Sound, which was signed on September 2, 1919. Owing to its

importance this treaty is reproduced entire below:

CONVENTION FOR THE PROTECTION, PRESERVATION, AND PROPA-
GATION OF SALMON.

The United States of America, and His Majesty George V, of the Ignited Kingdom
of Great Britain and Ireland, and of the British Dominions beyond the Seas, King,

Emperor of India, equally recognizing the desirability of uniform and effective

measures for the protection, preservation, and propagation of the salmon fisheries in

the waters contiguous to the United States and the Dominion of Canada, and in the

Fraser River System, have resohed to conclude a convention for this purpose, and
have named as their Plenipotentiaries:

The President of the United States of America, the Honorable Robert Lansing,

Secretary of State of the United States of America, and
His Britannic Majesty, the Honorable Ronald Lindsay, his charge d'affaires at

Washington, and the Honorable Sir John Douglas Hazen, a Knight Commander of the

Most Distinguished Order of St. Michael and St. George, Chief Justice of New Bruns-
wick, and a member of his Privy Council for Canada.
Who, having exhibited their full powers, found to be in due form, have agreed to

and signed the following articles:

Article I.

The times, seasons, and methods of sockeye-salmon fishing in the waters specified

in Article III of this Convention, and the nets, engines, gear, apparatus, and appli-

ances which may be used therein, shall be limited to those which are specified in the

regulations appended hereto, and/or which may be specified in revised, modified,

or substituted regulations provided for in Article VI and promulgated in accordance
with the terms of Article II.

Article II.

The High Contracting Parties engage to put into operation and enforce by legislative

and executive action, with as little delay as possible, the provisions of this convention
and said regulations, and the date when the said regulations shall be put into ojiera-

tion, shall be fixed by concurrent proclamations of the President of the United States

and of the Governor General of the Dominion of Canada in Council. Each of the

High Contracting Parties may, by appropriate legislation, provide for the trial, con-

viction, and punishment within its jurisdiction of any person found there who has
contravened any of the provisions of this convention, and/or said regulations within
the jurisdiction of the other High Contracting Party, and who has not been punished
for such offence within the latter jm'isdiction.
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Article III.

It is aajeed that tho provisions of this convention and of said regtilations shall apply
to tho wators included within the following,' boundaries:

Beginning at Caiinanagh Lighthouse on the southwest coast of Vancouver Island,

thence in a straight line to a ponit three marine miles due west astronomic from
Tutoosh Lighthouse, Washington, thence to said Tatoosh Lighthouse, thence to the

nearest point of ("ape Flattery, thence following the southerly shore of Juan de Fuca
Strait to Point Wilson, on (^uim])er I'eninsida, thence in a straight line to Point
Partridge on Whidbey Island, thence following the western sht)re of the said Whid-
bey Island, to the entrance to Deception Pass, thence across said entrance to the

southern side of Reservation Bay, on Kidalgo Island, thence following the western
and northern shore line of the said Fidalgo Island to Swinoniish Slough, crossing the

said Swinomish Slough in line with the track of the Great Northern Railway, thence
northerly following the shore line of the mainland to Point Grey at the southern

entrance to Burrard Inlet, British Columlna, thence in a straight line to the southern
end of Ciabriola Island, thence to the southern side of the entrance to Boat Harbor,
\'ancouver Island, thence following the eastern and southern shores of the said

\'ancouver Island to th(» starting point at (-armanagh Lighthouse, as shown on the
XTnited States Coast and Geodetic Survey Chart No. 03Q0, as corrected to July 20, 1918,

and also the Fraser River and its tributaries.

The High Contracting Parties engage to have prepared, as soon as practicable,

charts of the waters described in this article, with the international boundary line

indicated thereon; and to establisli such buoys and marks for the purposes of this

convention as may be recommended by the commission referred to in Article IV.

Article IV.

The High Contracting Parties agree to appoint, within two months after the
exchange of ratifications of this convention, a commission to bo known as the Inter-

national Fisheries Commission, consisting of four persons, two to be named by each
jiarty. This commission shall continue to exist so long as this convention shall be in

force. Each party shall have the power to till, and shall fill, from time to time, any
vacancy which may occur in its representation on the commission. Each party shall

pay its own commissioners, and any joint expenses shall be paid by the two High
Contracting Parties in equal moieties.

Article V.

The International Fisheries Commission shall conduct investigations into the life

history of the salmon, hatchery methods, spawning-ground conditions, and other
related matters, and shall observe the operation of the said regulations appended
hereto, and shall recommend to their respective Governments any modifications of,

additions to, or substitutions for the appended regulations which may be found
desirable.

Article VI.

The regulations appended to this convention shall remain in force for a period of

eight years from the date of their promulgation, as i)rovided in Article II, and there-

, after until one year from the date \v\um either of the High (.'ontracting Parties shall

give notice to the other of its desire for their revision, or until the termination of this

convention, whichever shall first occur. Immediately upon such notice being given,
the International Fisheries Commission shall proceed to make a revision of said regu-
lations, which revised regulations shall be incorporated in a special agreement between
the High Contracting Parties. It is understood that such special agreement shall

on the jjart of the L'nited States be made by the President of the United States, by
and with the adWce and consent of the Senate thereof. Such special agreement shall

1)0 binding only when confirmed by the two Governments by an exchange of notes.

Such special agreement shall V)e promulgated as provided in .\rti(de II hereof, and
shall remain in force for a p(;riod of five years and thereafter until one vear from the
date when a further notice of revision is given as above provided in this article, or
until the tennination of this convention, whichever shall first occur.

It shall, however, at any time, be in the power of the High Contracting Parties by
special agreement upon the recommcmdation of the International FLsheries Commis-
sion, to make modifications of, additions to, or substitutions for anj- of the regulations
in force, and (or) to make the provisions of this convention, and any regulations pro-
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mulgated in accordance ^\ith the terms thereof, operative in the waters specified in
Article III of this convention, as to any or all of the other species of salmon, including
steelhead. It is understood that such special agreement shall on the part of the
United States be made by the President of the United States, by and with the advice
and consent of the Senate thereof. Such special agreement shall be binding only when
confirmed by the two Governments by an exchange of notes. Such special agreement
shall be promulgated as provided in Article II hereof.

Article VII.

This convention shall remain in force for a period of fifteen years, and thereafter
until two years from the date when either of the High Contracting Parties shall give
notice to the other of its desii'e to terminate this convention.

Article VIII.

The present convention shall be duly ratified by the President of the United States,

by and with the advice and consent of the Senate thereof, and by His Britannic
Majesty, and the ratifications shall be exchanged at Washington as soon as practicable.
IN FAITH WHEREOF, the respective plenipotentiaries have signed the present

convention in duplicate and thereunto affixed their seals.

Done at the City of Washington this second day of September, in the year one
thousand nine hundred and nineteen.

ROBERT lANSING, (Seal)

R. C. LINDSAY, (Seal)

J. D. HAZEN. (Seal)

APPENDIX.

international regulations for the protection and preservation op the sock-
eye salmon fisheries of the fraser river system.

Section 1.

The following regulations shall apply to the waters described in Article III of the
convention of September 2, 1919, between the United States and Great Britain, to

which these regulations are appended, 5.to-wit:

(Here is inserted the description of the waters affected, as already set forth in Article

III above.)
Section 2.

definitions.

"Drift net" shall mean a floating gill net that is neither anchored nor staked, but
that floats freely with the tide or current.

"Trap net" shall include a pound net.

"Commission" shall mean the International Fisheries Commission appointed under
the convention to which these regulations are appended.
"Treaty waters" shall mean all waters described in Article III of the convention

to which these regulations are appended.

Section 3.

(a) Fishing for sockeye salmon in the treaty waters within the territorial limits

of the State of Washington, shall not be permissi))le except under license from such
state, and in the treaty M'aters of Canada except under license under the provisions

of the fisheries act of Canada.
(6) No greater number of licenses for any class of fishing appliance shall be authorized

in any year in the treaty waters within the territorial limits of the State of Washington
than were issued for such class for the season of 1918, up to August 31st, inclusive

thereof, and in the treaty waters of Canada the number of gill nets that may be licensed

in any year shall not exceed 1,800.

(c) No license shall be granted to any person or partnership in the State of Wa.sh-

ington unless such person or each member of such partnership shall be an American
citizen, resident in said State, and no license shall be granted to any joint-stock com-
pany or corporation in said State, unless the officers, directors and the holders of a

majority of the stock thereof, are American citizens, or unless it is authorized to do
business in the said State; and no license shall be granted to any person, company
or firm in the Province of British Columbia unless such person is a British subject
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resident in the paid Province, or unless such company or firm is a Canadian company
or firm, or is authorized by the Provincial Government to do business in the said
Province of British Columlua.

{d) No one other than a British subject who owns or leases land on either side of the
Eraser River above New Westminster Bridge, and who actually permanently resides

on, and is cultivating such land, shall be eligible for a license to fish for sockeye
salnum between New Westminster Bridge and Mission Bridge, but fishing under
8uch license shall not be carried on below New Westminster Bridge.

Section 4.

The use of nets other than drift nets, purse seines, and trap nets shall not be per-
mitted in treaty waters for the capture of sockeye salmon.

Section 5.

No net fishing or fishing of any kind, other than with hook and line, except for

hatchery purposes, or scientific purposes, shall be permissible in the Fraser River
above the down river side of Mission Bridge.

Section 6.

During the years 1020 to 1927, both years iiu-lurfve, no one shall fish for, catch or

kill any salmon from the 20th day of July to the 31st day of July in each year, both
dtvvs inclusive: and during this close time, no nets or appliances of any kind that
will capture sjxlmon may be luscd in these treaty waters; Provided, hov.eifr, That
siilmon fishing for hatchery or scientific purposes may be authorized during this

period.
Section 7.

The weekly close time for salmon fishing shall be from six o'clock a. m. Saturday,
to six o'clock p. m. Sunday, in Canadian waters, excepting in that portion of the
Fraser "River between New Wcstrrduster Bridge and Mission Bridge, wliore the
weekly close tiuje shall be from six o'clock a. m. Saturday to six o'clock p. m. on the
following Monday, and in the treaty waters of the United States from Friday at four
o'clock p. m. to Sunday at four o'clock a. m. and during this close time no
salmon fishing of any kind other than for hatchery or scientific purposes shall

be permissible, and during the full period of each weekly close time or annual
close season, each trap net shall be closed by au apron across the oiiter entrance
to the heart of the trap, which apron shall extend from the surface to the l)Ottom
of the water and shall be securely connected to the piles on either side of

the heart of the trap net, fastened by rings not more than two feet apart on
taut wires stretched from the top to the bottom of the piles, and such apron,
or the appliance by which it is raised and lowered, shall be pro^^ded with a signal or

fiag, which shall disclose whether the trap net is closed, and which shall bu of the
form and character approved by the commission: Provided, that in addition to the
foregoing requirement, such trap net shall be e([uipped with a V-shaped opeidng, to

tlie satisfaction of the commissiop, and in the lead of such trap net next to the entrance
to the heart and immediately adjacent to the apron, of at least ten feet in width at
the top and extending beiow the surface at least four feec below low water, which V-
shaped opening shall remain open and unobstructed during the full period of each
weekly close time or annual close season. For the purposes of assuring full compli-
ance with this regulation, the owner or operator of each trap net shall constantly main-
tain dining the weekly and annual close time a watchman, whoso duty it shall be to

cause each trap net to be kept closed and the lead to be kept open, as above provided.

Section 8.

All salmon trap nets shall be limited to a total length of twenty-five hundred feet,

with an end passagewav of at least six hundred feet between one trap net and the next
in linear series, such distances being measured in continuation of the Line of direction
of the leader of such trap net, but in no instance shall more than two-tliirds of the
width of any passageway at any point be closed b\- trap nets. There shall also be a
lateral distance of at least twenty-four hundred feet between one trap net and the
next.

Section 9.

A salmon purse seine shall not exceed nineteen hundred linear feet in length, in-

cluding the lead and attachment, measured on the cork Une when wet.
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Section 10.

(n) No purse seine shall be cast or placed in the water for fishing purposes within
twenty-four hundred feet of anv trap net.

(/;) The use of purse seiues for the capture of sockeye salinon shall be confined to

the treaty waters southVvard and westward of a straight line drawn from the lighthouse
on Trial Island, British Columbia, to the northwest point of Whidbey Island, State of

Washington.
Sf.ction 11.

A salmon drift net shall not exceed nine hundred linear feet in length, and the
vertical breadth thereof shall not exceed sixty meshes, and the si'.e of the inesh shall

not be less than five and three-fourths inches, extension measure, when in use.

Had such a treaty been adopted and rigidly enforced 10 or 12

years ago, it might have had a beneficial efi^oct on the Eraser River-
Puget Sound sockeye run, but the destruction of the run has pro-

gressed to such an alarming extent during the past 7 years that only
a total cessation of all fishing for sockeyes m this section for a

term of years could have the sUghtest beneficial effect. The pro •

posed regulations provide that ''during the years 1920 to 1927,

both years inclusive, no one shall fish for, catch, or kill any salmon
from the 20th day of July to the 31st day of July in each year, both
days inclusive; and during this close time nonets or appliances

of any kind that will capture salmon may be used in those treaty

waters * * *." This closed period runs concurrently on both
sides of the line, and while it would have but a very slight effect if

the salmon were able to reach the spawning grounds in this short

period, it certainly can have none if the Canadian gill netters are

enabled to start fishing just about the time the salmon have reached
the motith of the Fraser.

The only hope of rehabilitating the sockeye run—and some well-

informed observers have grave doubts whether anything will ever

accomplish this desirable result—is to close the waters of Puget
Sound through which the sockeyes pass and the Fraser River during

the montlis of July and August or such other period as may be neces-

sary to protect the sockeyes from the time they app.ar on the capes

until they have passed beyond the fishermen on the Fraser River to

all salmon fishing for a period of 8 or 12 years. As the sockeyes
are 4-year fish—i. e., are born and live in fnsh water for about a

year, then go to sea, and are not observed again until they return in

the fourth year after birth (a small proportion live to 5 years, and a

vastlj^ smaller proportion to 6 years), spawn on the breeding grounds
of the Fraser and then die—a closed period of less than 4 years could
have no appreciable effect, as it would not be a complete cycle in

the animal's life, while 8 or 12 years, representing two or three cycles

of their life, might possibly have a beneficial effect, although the

experiences of the past show clearly that it is much easier to destroy a

school of fish than it is to restore a much depleted one.

DECREASE IN HUMPBACK SALMON CATCH.

Another unfortunate condition has developed as a result of exces-

sive fishing in Puget Sound of recent years, and that is the heavy
decline in the catch of humpback salmon. These fish are caught in

the same apparatus as used for sockeyes.
For many years the humpbacks came in countless numbers, and

the fishermen were able to sell but a small part of the catch. Despite
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this, they persisted in catching tiiem and many thousands were killed

and thrown away durinp; tlie years when the run appeared in the

sound. This ruthless and senseless slaughter finally had its natural

result, and about four years ago a heavy decline was observed in

the catch of that year, and this decline has steadily increased since,

with the result that to-day there are grave doubts as to whether the

run can be preserved even in its impaired condition. The only hope
is that the prohibition of all salmon fishing during the months of

eTuly and August may be adopted, which would prevent fishing for

either socke3'es or humpbacks, both of which run during these months.

PACKS BY CANADIAN AND AMERICAN CANNEKS.

Many people on both sides of the boundary line have been under the

impression that the American fishermen on Puget Sound have been
by far the greatest offenders in so far as the quantity of sockeye
salmon taken has been concerned, but a table '^ j)repared by Mr.
J. P. Babcock, assistant to the Commissioner of Fisheries of British

Columbia, does not bear this out. Previous to 1891 most of the fish-

ing was done by British Columbia fishermen. The table follows:

Year.

1891.

1892.
1893.

1894.

1895.

1896.

1897.
1898.

1899.
1900.

1901.

1902.

1903.

1904.

1905.
1906.

Canadian
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order that they might have the henefit of his knowledge of canning
methods. The Late R. D. Hume, who worked in the original cannery
and later became one of the best-known canners on the coast, thus
describes the plant and the methods employed:**

Before the arrival of Mr. Hapgood (horn Maine) the Hume brothers had purchased
a large scow, on •which they proposed to do the canning of salmon, and had added
an extension to the cabin 18 by 24 feet in area, to be used as a can-making shop. This
had a shed on the side next to the river for holding any cans that might be made in

advance of the packing season. A few days after the arrival of Mr. Hapgood (Mar.

23, 1864), the tools and machinery were packed and put in position. Mr. Hapgood
made some stovepipe and two or three sheet-iron fire pots, and in a short time was ready
for can making. The following list of tools and machinery will show how primitive
our facilities were as compared with present methods: 1 screw hand press, 1 set cast-

iron top dies, 1 set cast-iron bottom dies, 1 pair squaring shears, 1 pair rotary shears,

1 pair bench shears, 1 pair hand shears or snips, 1 pair 24-inch rolls, 1 anvil (weight
50 pounds), 1 forging hammer, 1 tinner's hammer, 1 set punches for making stovepipe,

I rivet set. 1 grooving set, 2 iron slabs grooved on one side to mold strips of solder, 1

iron. clamp to hold bodies of cans while soldering the seams, 1 triangular piece of cast

iron about three-eighths of an inch in thickness and 6 inches in length, with a wooden
handle attached to the apex, also used for holding can bodies in place while being
seamed.
The process of canning was as follows: The bodies of the cans were first cut to proper

size by the squaring shears, a line was then scribed with a gauge about three-sixteenths

of an inch from one edge, and they were next formed into cylindrical shape by the rolls.

They were then taken to the soldering bench and one edge lapped by the other until

the edge met the line that had been scribed and fastened there by being soldered a
small part of the length to hold them in place for the further purpose of seaming.
They were then placed either in the iron clamp, which had a piece of wood attached to

its underside, and held firmly, the clamp bemg closed by the operation of a treadle,

or were slipped on a piece of wood, which was bolted to the bench, wliile being held
in place by the triangular hand seamer, which was pressed down on the lap of the seam
by the left hand of the operator. W hen this had been done a piece of solder, which
had been prepared by shaking in a can together with rosin, was placed on the seam
and melted and rubbed lengthwise of the seam. After cooling the bodies were ready
for the end or bottom, which operation was brought about by first cutting out circular

blanks with the rotary shears, and then placing them in the cast-iron die and bringing

the handle of the screw press around vnth a swing with force enough to form up the
end or bottom. In this operation there were many difficulties, as the ends or bottoms
would many times stick to the upper part of the die and refuse to come off, and finger

nails were pretty short in those days. To get the ends out of the lower part of the die

was not so bad, as a wooden plunger operated by a treadle knocked them out, but some-
times they were in pretty bad shape. ^A hen the bottoms or ends were ready they were
slipped on the bodies and the edge of the bottom rolled about in a pan of powdered
rosin until the seam was well dusted. A piece of solder similar in size and preparation
as used for the side seam was placed in the can. They were then placed on the smooth
side of the cast-iron slabs, and the operator, with a hot soldering copper shaped to fit

the circle of the can, melted the solder and by turning the can rapidly soldered the
full circumference. The output of this can factory was very imperfect, as at least

one-half of the seams burst, owing to the lack of experience of the manager or want of

good judgment.
WTien the can making was well underway Mr. Hapgood then turned his attention

to getting the apparatus for canning on board the house-boat. This in the cooking
department consisted of a kettle made of boiler iron about 36 inches in diameter and
5 feet in depth, set in a brick furnace and fired from underneath. Alongside was a
round-bottom, cast-iron pot holding about 60 gallons of water and heated in the same
manner. These kettles, with a dozen coolers or circular sheet-iron pans with ropes
attached and with holes cut in the bottoms for drainage, a set of 5-inch blocks and tackle,

with a sheet-iron fire pot and a scratch awl, completed the bathroom outfit. The
can filling and soldering room was furnished with a table through the center, where
cutting the salmon in pieces to suit and the filling of the cans was done. On each side

of the room there was a bench running the full length, on the end of one of which the

cans were placed to receive the pickle, which was used at that time instead of the small

quantity of salt that is placed in the cans during the operations of these later days

a The First Salmon CanjifiTy. By K. D. Bume. Pacific Fisherroftn, VoL II, No. 1, Jannary, 1804, pp.
19-21.
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After tlie salmon had been cleaned by removing the entrails and washing them out-
side the covered portion of the scow, they were brought inside and placed on the tal)ie,

and a man with a butcher knife in one hand and a stick in the other, which had a mark
shmnng tlie hmgth of the pieces desired, cut gashes in the side of the sahnon as a
^;ui\le and thou cut the lish into seclione corresponding to the length of the mark on
I lie stick. lie then proceeded to cut the sections in pieces to suit the cans. Then
three or four operators placed the salmons in the cans and sho^•ed them along the table
to where a boy ^^'iped the top edge and passed them along to two others who placed
tojis which fitted inside of the rim. Tlie cans were then taken in wooden trays to
the bench opposite the starting point, which was fitted with four sheet-iron pots,
and at the one nearest the entrance to the house on the scow a man put a soldering
rtux on the top edge, which was made by adding zinc to muriatic acid, and then A\-ith

a pointed soldering copper and a stick of solder melted the solder until a small portion
could be drawn around the groove formed by the edge of the can and the bevel of the
top. From there the cans were taken to the other parts of the bench, where two men
finislied soldering the head in, and then taken to the third man, who soldered, or, as it

was called, buttoned, the end of the seam lap. The cooking department or bathroom,
as it was called, was separated from the filling and soldering room by a partition.
The cans were shoved through a hole in the partition.

At this time the process was a secret. Mr. Hapgood did the cooking and all the
work done inside, no one but a member of the firm being allowed to go in. This
privacy was continued until the firm moved to the Columbia River, and, the labor
becoming too arduous for I\Ir. ITapgood to perform alone, a boy by the name of Charlie
Taylor was taken in as an assistant. - * *

But to return to the original proposition: V^Tien the filled cans had been soldered
and entered the bathroom they were put in the coolers and lowered into the cast-
iron pot, one cooler of cans being cooked at a time. The cooler was lowered into the
boiling fresh water until the cans were submerged to within 1 inch of the top ends and
left to cook for one hour: then they were lioisted out and the vent holes in the center
of the top soldered up, after which they were dumped into the boiler-iron kettle,
which held a solution of salt and water of density sufficient to produce, when boiling,
a heat of 228° to 230'' F. They were cooked in this solution for one hour and then
taken out of the kettle with an iron scoop shaped like a dip net, with a wooden handle
about 6 feet in length. They were dumped into a tank of water on the other side of the
partition which separated the bathroom from the packing room through an opening
m the partition, receiving many a bump and bruise in the operation. Then they
were washed with soap and rag to remove the dirt and grease, each can being handled
separately. When this was done they were piled on the floor of the packing room
and in a few days were painted mth a mixture of red lead, turpentine, and linseed
oil, for at that time buyers would have no canned salmon, no matter how good the
quality, unless the cans were painted red.

When packs of 10,000 to 15,000 cases were made in a season
only the absolutely essential machinery \vas used, the rest of the
work, such as cutting and cleaning the fish and placing them in the
cans, being done by hand. When larger canneries were constructed,
especially in Alaska, where labor is expensive and difTicult to obtain,
the greater part of the workmen having to be brought up from the
States, machincrv to do as much as possible of the work became
absolutely essential. The inventive genius of the country came to
the rescue and one by one machines for cutting, sliming, and
cleaning the fish, filling the cans, putting the tops on, and washing
them were invented and put into use, while automatic weighing
machines were produced and extensive improvements and alterations
were made in the machines previously in use. There are to-day
many large manufacturing estabhshments which devote all or the
greater part of their facilities to furnishing machinery and supplies
to this giant branch of the salmon industry.
When salmon canning was in its infancy^ a pack of from 150 to 200

cases was considered a good day's work. Now it is not an uncommon
occurrence for a cannery to turn out from 2,500 to 4,000 cases in one
day, and there are a number which have even greater capacity.

11312°—21 8
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The usual method of figuring the capacity of a salmon cannery is

by the number of lines or units employed. The machinery arranged
so that the fish pass through all the operations from filling to double
seaming is known as a line, and the capacity is based upon the number
of these lines in use in the plant.

During the height of the salmon run, a cannery is an exceedingly
busy and interesting place, and a description of the methods used at

the present time will show the giant strides the industry has made
since the days of Hapgood, Hume & Co.

HANDLING THE SALMON.

At convenient spots near the fishing grounds large scows and
lighters are anchored and the fishing crews deliver their catches
aboard these, the tallyman on each scow keeping a record and giving

the crew a receipt. Men fishing near the cannery deliver their catch
alono;side. Steamers and launches are used to tow out empty scows
and bring in those filled. In the old days the fish were pitched by
hand into bins on the wharves, but this laborious method has been
superseded by the use of an elevator, which extends from a short dis-

tance above the top of the wharf to the water's edge, provision being

made for raising or lowering the lower end according to the stage of

the tide. This elevator is slanting, and is made of an endless chain
operating in a shallow trough. About every 2 feet there is attached

to the chain a crosspiece of wood. At the top of the elevator are

chutes which deliver the fish at various convenient spots on the
cutting-room floor.

A recent invention, which is rapidly coming into use, is the un-
loading scow. This is a scow divided by kid boards into compart-
ments. On the side is an opening which, when not in use, is closed

by planks dropped into grooves. The filled scow is run alongside an
elevator with a flaring mouth box at the lower end. A chute is

placed between the scow, opposite the door, and the elevator, the

door opened, and the fish allowed to slide by gravity into the box,

then up the elevator to the fish floor. As one compartment is emptied
another is attacked by removing the partition boards, and so on until

the scow is empty. Should the fish stick, a hose with running water
is run a foot or more down into the pile, which loosens the fish and
causes them to move freely. By the use of these scows the fish are

unloaded in a very short time, with but little labor, and are not
marked by pew holes, as under the old method.

If the salmon have been in the scows for from 20 to 24 hours they

are used as soon as possible after being delivered at the cannery;
otherwise that length of time is usually allowed to elapse, the can-

nerymen claiming that if not allowed to shrink the fish will be in such
condition that when packed much juice will be formed, and light-

weight cans will be produced. The danger of canning fish Vhat are

too fresh, however, is of minor importance as compared with the

tendency in the other direction.

Before dressing the fish a stream of water is kept playing oyer them
in order to remove tl)e dirt and slime, after which men with pews
separate the difl'erent species into piles.
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DRESSING.

A number of tlio small cannories still iiso the old hand method of

dressing the fish, and in such places the selection of the butchering

or dressing gangs is of prime importance. Two men constitute a

"butcher's gang," and the number of these gangs is dependent upon
the output of the plant. Boys place the fish, with the head out,

upon the cutting tables. One man cuts off the heads, and is followed

by another w4io removes the fins, tails, and viscera. The olfal is

thrown into a chute, whence it passes into the water under the

cannery or into a scow moored underneatli, while the dressed fish is

transferred to a tank of water, to be scaled, washed, and scraped.

It is then passed to another tank of water, where it receives a second
washing, scraping, and final brushing w^ith a whisklike broom, which
removes any offal, blood, and scales that were overlooked in the first

washing, after which it is removed to large bins on either side of the

cutting machine.
The most useful cannery inventions in recent years have been of

machines for doing the w^ork of the dressing gangs. The one com-
monly known as the "Iron Chink," now in general use in canneries

where such machines arc employed, was first used in 1903 at F'air-

haven (now Bellingham), Wash. It removes the head, tail, and fins

and opens and thoroughly cleans the fish ready to cut into pieces for

the cans. By the use of these machines the dressing gang is almost
entirely done away with, dispensing with 15 to 20 men. This same
machine is now so arranged that the fish after dressing are also

"slimed;" i. e., the thick mucus covering the skin removed, and the

inside of the fish cleaned.
CUTTING.

The usual method of cutting the salmon is by a machine. This is

generally a large wooden cylindrical carrier, elliptical in shape, thus

having a larger carrying capacity. Ledges or rests on the outside

the length of the carrier are wide enough to hold the fish, and are

slit in cross section through the ledges and outer casmg to receive

the gang knives. The latter are circular, fixed on an axle at the

proper distances apart, and revolve at the highest point reached by
the carrier and independently of the latter. The carrier and gang
knives are set in motion, each revolving on its own shaft. As a rest

on the carrier comes to a horizontal position, men stationed at the

fish bins lay a fish on each ledge as it passes. Thence it is conveyed
to the revolving gang knives and, after being divided, passes through

on the downward course, sliding off the rest into the filling chute.

The knives in these machines are so arranged as to cut the fish

transversely in sections the exact length of the cans to be filled.

The rotary cutter shunts the tail pieces to one side, and these are

carried by nieans of a chute to baskets. The tail pieces are generally-

canned separately. As the tail portion is much smaller, with less

meat, it can not be placed in the cans with the middle and head

sections without detracting from their value, but if packed under a

distinct and separate label, as is now done, there is no reason why
the taOs should not supply the demand for a cheap grade of fish.

In some of the smaller canneries, especially in those packing flat

cans, the gang knives are worked by hand. In this case, the knives

are not circular, but elongated or semicircular in shape, tapering at
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the outer ends. They are mounted on an axle having a large iron

lever at one end, and when this lever is raised the ends of the gang
knives are tlirown up and back. The fish is then placed in position

under them and the lever pulled forward, the knives, with a scimitar-

like movement, dividing the fish.

The original method of cutting was by means of a long knife

wielded by a Chinaman who stood at a regular butcher's block.

Although his strokes were incredibly quick, the rotary cutting

machine is a vast improvement over the old way.

SALTING.

Every can of salmon is seasoned with one-fourth of an ounce of

salt, which, to insure uniformity, is added by mechanical means. A
table is used, in the top of which are holes equal distances apart.

On the underside of the top is a sheet-iron plate, with an equal

number of holes, which slides in a groove at the sides, and is worked
either by a hand or foot lever. Just below is an open space large

enough to accommodate a tray holding 36 or 48 cans. A workman
stands in front of the table and slides a tray of cans into the open
space. He then tlii-ows a quantity of salt upon the table and im-
mediately scrapes this off with a thin piece of wood, each hole being

filled in the operation, and the salt being prevented from falling

through by the iron plate underneath. The lever is then pressed, the

iron plate moves forward until the holes in it are directly under the

holes in the table top, when the salt drops through into the cans.

This operation can be repeated four or five times in a minute. Most
canneries now use a small Salter attached to the filling machine and
this deposits the required amount in the can as it is passing by on
its way to be filled.

.; FILLING THE CANS.

Most canneries now use filling machines for all sizes of cans, al-

though a few, more particularly those packing flat and odd-sized

cans, still fill by hand.
The filling machine consists of a chute with a belt to which are

attached wire racks about 4 inches apart, set at an angle to prevent

the salt from spilling out, into which the salted cans are fed from the

floor above and pass into the machine. At the same time the divided

sections of salmon pass down another chute into the mouth of what
looks like a hand coffee miU. The}- pass through here down a smaller

chute and are forced by two dogs into a receptacle through which
the plunger, or filler, passes. Here the plunder comes opposite the

open mouth of the empty can, which when it reaches this point is

caught by a clasp or hook and held in front of the plunger, which is

immediately thrust forward thi'ough a chamber filled with salmon,

cutting the fish longitudinaUy and at the same time filling the can.

The next movement forces the can out upon a table. When running
at full speed, one of these machines will fill about 80 cans a minute.

On being released by the clamp and rolling upon the table the}'

are righted by a workman and pushed onto an endless belt, upon
which they pass into the weighing machine. If of the proper weight,

they pass through this machine, but if below the required weight
the cans are shunted to one side, where workers add the quantity of

fish needed, a supply of small bits being kept at hand for this pur-
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pose. Generally the cans overrun in weight, frequently as mucli as

2 or 3 ounces. Occasionally a can is weij^jhed on a small l)alance

scales in order to see that the machine is in perfect adjustment.
After passing the weighing machine any bones and scraps of llesh

wluch may be sticking up out of the can are clipped away by workers
armed with scissors.

In the hand method the fillei-s stand on each side of a long table
witli a trougli running down the middle from end to end. This is

filh^l with tlie cut pieces of salmon, and the fillers, usually women
and children, ])ut large pieces into the cans at first and then smaller
pieces to occupy the vacant spaces.

From the weighing machine the cans pass to the clinching machine,
wliicli attaches the top of the can loosely to the body in such a way
tliat it allows the air m the can to escape, yet prevents the fish from
coming in direct contact with the steam of the exhaust box. Also
the water resulting from the condensation of steam, which accumu-
lates in the exhaust box, is kept from entering the can and thus
bleaching the fiesh.

In many plants the cans are washed by jets of water or steam
directed against them in a closed box as they are passing from tlie

clincher to the exhaust box.

The cans then pass into a steam exhauster, consisting in one type
of a box about 30 feet in length, in which are three endless-chain belts
running side by side. Under and over each belt are steam coils, and
under each of the lower coils are single pipes, which through small
holes throw jets of live steam upon the coils, creating an intense
heat. The cans pass along the first belt, are then transferred to the
second belt, on which the}^ return to the entrance of the box, whence
they pass to the third belt, and continuing along this to the end
pass out to the double seamer, the whole operation occupying from
5 to 15 minutes, preferably 15. One style of exhauster has 10 ovals
formed by the pipe, and the cans pass along these from side to side
of the exhauster until discharged at the far end. Another type is

formed of a long tube through which the cans pass and are heated by
perforated steam pipes. Upright exhausters, in which the cans travel
along a spiral, are also in use. By this means the contents of the can
are heated and the greater part of the air exhausted, which is the
object of the first cooking in the retort under the method formerly in

general use. In Alaska, where 1 -pound tail cans form the bulk of the
pack, the cans are exhausted at a temperature from 206° to 212° F.,
210° being the favorite.

A recent invention, which the inventor claims will do away with
the steam exhaust box, and thus save a large amount of valuable
floor space in the canning "line," is the power vacuum pump, known
as vacuum exhausting machine, by means of which air is exhausted
from the cans, accomplishing the same purpose as the steam exhaust
box. vSome of these machines have been in active use for several
seasons, with most satisfactory results.

Leaving the exhauster the cans pass to the double seamer, which
fastens the cover on tightly with a double seam or crimp. It sliould
be stated that no solder is used in attaching the top on the can, the
curled flanges of the cover being coated around the outer edge with
cement or other sealing fluid to take its place. Solder, however, is

used in joining the side seam of the can, this being done when the can
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is manufactured. The cans then leave the machine on an endless
conveyer, pass through a machine which washes the outside of the
cans, and tnence to the men who transfer them to the coolers, which
are immediately placed upon the trucks and run into the retort for

the one cooking they are to receive. By the use of these cans the
soldering machine used in the old-style method is done away with.
It also does away with the first cooking and the subsequent venting
and soldering, a saving both in labor and time consumed.

COOKING.

The processing time varies in each district and sometimes for each
species. In Alaska 1 -pound tall reds, cohos, chums, and pinks are

generally cooked from 90 to 120 minutes, at 12 to 18 pounds pressure
and at a temperature of 242° to 248° F. One-pound flats and half-

pound cans are generally cooked about 10 minutes less time. Owing
to their larger bones, king salmon are generally cooked from 10 to 20
minutes longer than the other species; steelhead trout also.

On Puget Sound 1-pound tall sockeyes, cohos, and pinks are gener-
ally cooked for 90 minutes at a pressure of 10 pounds and at a tem-
perature of 240° F. Halves and 1 -pound flats are generally cooked
at the same temperature but for only 80 minutes. Chum tails are

generally cooked for 105 minutes at a pressure of 10 pounds and at

a temperature of 240°; while spring or king salmon are cooked for

120 mmutes at a pressure of 10 pounds and at a temperature of 240°.

It is the custom at all canneries, no matter what the system, to

allow about 5 minutes at the beginning of the cooking to work up
the required heat of the retort, and when cooking is completed there

is a like period for reducing the temperature and pressure before

opening the doors. The cooking times given above are exclusive of

the two 5-minute periods noted here.

It should be distinctly understood that the processing times noted
are only approximate. The condition of the fish, the weather

—

whether hot or cold, rainy or dry—etc., all must be taken into account.

The canner can not go far astray, however, if he keeps generally

within the narrow margins noted above. In the early days much
secrecy and mystery ^vas thrown about the cooking, and the work
was carried on in a separate room, known as the "bathroom,"
under lock and key. The first cooking was done in common tubs.

The early retorts were made of wood. Later, round iron kettles

were substituted, nearly one-half consisting of cover, and round
crates were used for holding the cans. At the present time only
rectangular horizontal iron or steel retorts are used, and access to

these is had by means of miniature railroad tracks.

For many years cannery men believed that the double cooking of

salmon was absolutely necessary, but in 1898 F. A. Seufert, at his

cannery on the Columbia River, at Seuferts, Oreg., a short distance
above The Dalks, discarded this idea, and has since used a one-
cooking method. By the new process the cans are tested for leaks
after the center hole in the top is soldered up, as before, and are left

in the retort 70 minutes at 245° F. and 12 pounds steam pressure.
According to its originator, this method saves more than one-half
the labor in the batliroom, saves nearly one-half the labor in washing
the cans after cooking, and also better retains the color of the fish.
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REPAIRING CANS.

Imperfect cans which are discovered after cooking and are repaired
at once and whose contents arc recooked are still vcrv good, the only
difTiculty being that by blowing or venting them a second time they
lose weight. The above goods usually go in with the regular pack
of their kind and are not classed as regular "do-overs.'' The latter

were generally defective cans, which, owin^ to pressure of other work,
could not be repaired until considerable time nad elapsed, by which
time decomposition had set in. The cans which can not be repaired
immediately are now thrown onto the cannerr dump.
On coming from the retort the coolers are lowered into a bath

of lye, or, as in some canneries, the cans are run through such a
bath on an endless belt, which, with the aid of a slight rinsing and a
few rubs with a brush over the top, removes from the can all the
grease and other material. The belt then |)asses them into another
bath where the lye is washed olt' in hot fresh water. Th(^ cans then
go to the cooling room, where a stream of water is played upon them,
or during rainy weather are placed out of doors upon the wharf, and
there allowed to cool, ui order to stop the heat inside the can from
continuing to cook the fish. In some canneries the lye bath before
cooling is dispensed with, as the earlier washings are supposed to
have cleaned the cans.

The top and bottom of the cans contract in cooling, and for several
hours a sharp popping noise is heard. Here, as in nearly every proc-
ess tlu-ou^h which they pass, the cans are again tested, tliis time by
tapping the tops with a small piece of iron about 6 inches long, or,

sometimes, a 12-penny nail. The sound conveys to the ear of the
tester an unmistakable meaning as to the condition of the can, and
the faulty cans that escape notice during the other tests are almost
invariably found in this one.

LACQUERING,

A common custom in the salmon-canning industry, but one
that is not common in the canning of vegetables, fruits, etc., is that
of lacquering the cans. This idea of protecting the can on the
outside has been followed from the very beginning, for two reasons:

(1) That the English market which, at that time especially, absorbed
the greater part of these goods insisted on their shipments being
finished in this way, and (2) from the fact, as these canners speedily
found out, that if they did not protect their cans in some way enor-
mous losses through rust would ensue.
The first experiment of this nature was to paint the cans by hand

with red paint, treating each singly. Next a composition of logwood
extract and alcohol was tried, which, however, did not produce satis-

factory results for a very plain reason—the can was dyed instead of

being lacquered. The next attempt was to varnish the cans with a
japan varnish reduced with alcohol, but this was found to dry too
slowly for speedy handling. After extended experimentation the;

quick-drying brown lacquer of the present time was evolved, which
carries asphaltum in the form of an asphalt vai'nish as its base, this

being supplanted in some cases by gilsonite. This lacquer can be pro-
cured in either a heavy or light body, is generally reduced with ben-
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zene or gasoline, and is applied according to the requirements of the

market, which in some localities demands a heavy coating and in

others a much lighter finish, the latter giving a rich golden brown
color. Some experiments have also been made in using brighter col-

ored lacquers for this work. Several of these, made to give a bright

golden, copper, or other color, are extremely attractive in appearance,
while at the same time protecting the tin against rust quite as well

as the brown.
The industry soon outgrew the hand method of lacquering, and the

process which for a number of years was universal in the trade and
is still used by some canneries succeeded it. For this there are a

number of rectangular box vats about 40 by 80 inches and 18 inches in

depth, the number varying with the capacity of the cannery. These
are usually lined with galvanized metal and provided with a grid-

iron-shaped iron frame, hung from a windlass or other tackle for

lifting or lowering from top to bottom of the vat. The cans are

loaded on this gridiron, being placed in an inclined position to allow

the draining of the lacquer, and are lowered in the vat sufficiently to

submerge them in the lacquer with which the vat is charged to a

depth of 7 to 10 inches. The loaded gridiron is then raised to the

top of the vat and the cans allowed to drain and chy before piling.

This method, while being more effective in regard to the volume of

work, was still of necessity a very slow and tedious operation. In
damp or rainy weather, especially when it is not possible to open
warehouse doors and windows, the gas arising from a number of

these vats makes effective drying almost impossible.

Another principal objection to this method of lacquering, which
applied also to all earlier attempts, was the impossibility of obtaining

an even coat of lacquer when the can was allowed to dry in any
stationary position. There was also a large waste by evaporation.

Notwithstanding repeated efforts at invention, however, it was not
until 1901 that an effective machine for handling this difficult work
was put on the market. The apparatus now in use by a number of

canneries receives the cans on a revolving wheel fitted with rests for

holding them while passing through the lacquer bath. From here

they roll upon an endless chain which revolves the cans as they pass

through a long box in which a hot blast dries them before they reach

the end of the machine. The rotating or rolling motion given to tlie

can after the lacquer bath, preventing the lacquer from draining to

and consequently accumulating on any part of its surface, also has

the effect of distributing the lacquer evenly and results in a clean

and neatly finished can. The air blast facilitates the work of drying

to such an extent that it requires only about two minutes after being

deposited on the drying bed of the machine for the cans to be ready
for handling, while the quantity of cans which can be handled in a

day is vastly greater than by the old method.
A few fiat and oval cans are not lacquered, but arc protected from

rust by wrapping in tissue paper, over which the label is placed.

Several of the largest operators have stopped lacquering the

sides of the cans, depending upon the label to protect this portion

from rust. Enameled ends are used, and, as these are bought from
can makers, these operators are thus enabled to get away entirely

from the dangers ot lacquering.

I
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FIG. 33.—SALMON ON THE FLOOR OF THE FISH HOUSE.

FIG. 34,—SALMON CAN-LABELING MACHINE,
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LABELING.

While machines have been made for this purpose, and some of

them are in use, the work is usually done by hand. A number of men
or women seat themselves about 4 feet apart in front of the pile of

cans. Each man has in front of him a package of several himdred
labels, and by bunching them on a slant so that successive margins pro-

trude beyond each preceding, he can apply paste to the entire number
with one stroke of the brush. A can is placed on the label, is quickly

rolled, and the label is on much (piicker than one can tell it. Eacn
man ])laces to his right the cans he labels, forming a ])ile of length and
width equal to his unlabeled pile, and when the entire lot has been
labeled it lias been shifted only about 4 feet. Cans of fancy brands
of salmon put up on the Columbia River and in the Puget Sound
region are wrapped in colored tissue paper before the label is put on.

Cartons similar to those used by the sardine packers would make good
containers for fancy brands and would be much cheaper than the

present method.
Some of the canners now have their labels lithographed directly

on the tin, and the whole covered with a transparent la quer.

Several attempts have been made to popularize salmon packed in

glass and porcelain jars, and while these have met with some favor,

it was not sufhcient to warrant a continuance of the practice for any
length of time. But few are being so packed at the present time.

BRANDS.

A very important feature of the canning industry is the selection

of appropriate l)rands or labels for the various grades of salmon.
Each company has a number of these, which it has acquired either

by designing them or by absorbing another company which owned
them. A well-known brand has a value in itself and sometimes is

a very important asset. A company will sometimes market a con-

siderable part of its product in one section, and here, where the

consumer has become familiar with the brand and pleased with the

contents of the can, he will ask for and accept no other, despite the
iact tliat the latter might be, and probably is, the equal of the

proline t he has been using.

For many years but few salmon canners appreciated the value of a

can label, and it has taken some bitter experiences to drive home to

the rest that a properly designed label placed upon good goods and
the owner protected in its use by the law has real value, just as much
as boats, nets, buildings, machinery, or the thousand and one material
things required to carry on the business.

A free trade definition of a label would be that it is an artistic

represent;! tion or intellectual production, stamped directly upon an
article of manufacture, or upon a slip or piece of paper or other
material, to be attached in any manner to manufactured articles, to

bottles, boxes, and packages contaniing them, to indicate the contents
of the package, the name of the manufacturer, or the place of manu-
facture, the quality and quantity of the goods, directions for use. etc.

Labels are subject to the copyright law and should be registei-ed

before use or publication. If not registered, there is no protection

in law against infringement. The continued use of a label, however,
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will give the person so using a certain proprietary right in it, which
can be enforced in a court of equity and may be defended by injunc-

tions, which will generally be granted. Such proceedings are expen-
sive, annoying to a busy man, and at best will protect one only after

at least a certain amount of damage has been done, and it is far safer

to avoid this by registering the label at the time of issue, which will

give one the further advantage in that a description of the character
and quality of the article labeled can be set forth, which will, to a

certain extent at least, be protected with the label.

The commercial value of a label and name is represented by the

more or less general demand for the goods protected by it. In the

canned-salmon industry, as in that of other food-packing industries,

certain labels, through the good quality of the goods marketed under
them and the publicity created for them, have become of very con-

siderable value to the owners. A case in point is the label Royal
Crown, owned by the late R. D. Hume. This was one of the earliest

brands marketed in England, and some years later a certain Liver-

pool firm of salmon handlers paid Mr. Hume the sum of S 10,000 for

the exclusive right to its use in England.
In designing a label there are several things which should be borne

in mind. It should bear an easily remembered name and design; a

name difficult of pronunciation should be avoided at all costs. For
many years glaring red labels have been popular, but the success met
with by those using more subdued and artistic designs and coloring

indicates that the public appreciate them more than they do the

older and coarser types The design should be as simple as possible,

as experience has demonstrated that, a simple form—so s mple that

it can be fully understood by a mere glance—will gain by regular

repetition, while a more complicated design will lose in this process.

A good many now in the business still remember the small label

that was used on salmon cans before 1870. Labels about 3 by 5

inches in size, printed in one color, on white or colored newspaper,
served merely the purpose of distinguishing cans, telling contents

and manufacturer, and were without commercial value. About the

year 1870 a few canners conmienced to import from the East and
Europe full-sized labels, i. e., labels that went all around the can.

These were called by some "Pennington" labels, as a firm of that

name supplied quite a number of them.
For some years they were used for the best grades only. They

were printed in four and five colors, the design showing invariably

a number of panels of different shapes and sizes. The lettering was
not always plain and sometimes even intentionally irregular and
puzzling. The colors were placed side by side, in boldest contrast,

without any attempt to harmonize them.
It was soon discovered that the highly colored panels, while strik-

ing, lost all efl'ect when massed on the retailer's shelves, and the

different brands looked so much alike that the individual designs

could not well be remembered by the customer, the only really dis-

tinctive feature being the name, and that was generally printed so

small and indistinct that it could not be readily seen at a distance.

To remedy these defects, the designers soon reduced the number of

panels and subdivisions, increasing meanwhile the size of the remain-
mg ones and filling them with distinctive designs, still colored as

simply as before, with no attempt at l)lending of colors. The back-
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ground, at first perfectly plain, commenced to show patterns more or

less romplicatoa, atul at times quite pretentious, so as to take away
from the design proper.

Gradually the panel desinjn disappeared. In place of it some showed
one continuous })icture on the lahel, which was very unsatisfactory

and soon disappeared, as only a fraction of the picture could l)e seen

at one time. Others had two subdivisions, one showing the name of

the brand with its illustrations, occasionally used as a trade-mark,
the other showing the article packed in the can, both named and
illustrated. Unfortunately, these subdivisions were so large that
the roundness of the can prevented one from seeing the picture as a

whole, but this was soon remedied by making the subdivisions nar-

rower and filling in between with directions, weight of contents, etc.

From this point on the general plan of labels underwent few changes
except that the work, both of the artist and pressman, im})roved
wonderfully, some of the labels now designed and printed being
real works of art.

Up to a few years ago one of the most serious evils in the trade
was the use of misleaduig and lying brands. The high-grade product
would almost invariably be correctly and fully branded, but "chums"
and "pinks" were usually branded as "Fresh salmon," "Ch ice

salmon," etc., which would deceive all persons but those well ac-
quainted with the industry. "Do-overs," and very poor fish, were
usually marketed under a brand which bore the name of a fictitious

company or of no company at all.

The passage of State laws of varying degrees of efficiency govern-
ing the branding of salmon helped slightly to remedy this condition
of affairs, but it was not until trie pure food and drugs act, approved
June 30, 1906, was put into force by the Government that any radical
improvement was noticeable. At the present time but few mislead-
ing brands are in use.

BOXING OR CASING.

A case of salmon generally contains 48 one-pound cans or their
equivalent, i. e., 24 two-pound cans or 96 half-pound cans. Some
canneries pack their half-pound cans in cases of 48. These cases are
usually made of wood and cost from 9 to 1 1 cents each knocked down.

CAN MAKING.

Some of the canneries in the coast States and Alaska purchase their
cans ready-made, but the usual method is to purchase the sheet tin

and make up the cans in the caiuieries. This is especially necessary
in Alaska, as it would be impossible to find room on the cannery
ships for such a bulk as they w^ould make in addition to the other
supplies necessary. Furthermore, the making of cans provides work
for a large part of the crew, otherwise unemployed while the rest are
getting ready the other necessary paraphernalia. The work is done
by machinery and occupies several weeks' time.
Of recent years the objection to the great amount of space occu-

pied by the cans when shipped by freight has been overcome by mak-
mg the body of the can, pressing it flat, and shipping it in this com-
pact shape along with the ends. At the cannery is a machine for rim-
ming the flattened body into a round shape once more, when the end
can be put on with the regular double seamer.
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CANNING SMOKED SALMON.

A number of ventures in the line of canning smoked salmon have
been made on this coast, but most of the pioneers were not content
or able to invest the amount of capital needed and wait the time
required to create a demand for such products, and soon quit.

One of the leading British Columbia packers, H. Bell-Irving & Co.,

some years ago put up in cans some pink salmon which had been
treated to an artificial smoke in a vat, and these are said to have
made a favorable impression in Australia. Another canner operat-

ing on the Fraser River smoked pink salmon, and then, cutting them
to the proper length, packed them dry in half-pound cans.

In 1908 the Columbia Canning Co. put up at its cannery on Chilkoot
Inlet, Alaska, some smoked salmon which had been shaved into thin

strips like dried beef. These, called "Flaxamo," were packed in oil

and were very good, especially in making sandwiches.
In 1915 two companies began in Seattle the smoking, slicing, and

canning of coho and king salmon. These were put up in oblong flat

cans of various sizes, similar to sardine cans, 2\, Ah, and 7^ ounces,

respectively, w^hile for a special trade a 7^-pound can was also packed.
These fish were cut quite thin, about 40 to 50 slices to the pound, and
were packed in hermetically sealed cans with cottonseed oil. The
fish were all hard smoked before slicing and canning.
The same companies are also putting up kippered salmon in cans.

Salmon loaf, made by mixing salmon with flour and various other

ingredients, thus producing a paste, is also being canned by several

packers.

A straight salmon paste, made solely from the flesh of the salmon,
and mixed with oil and spices, is being manufactured by one of the

leading packers.
HOME CANNING.

At a number of places along the coast it has become the custom for

the thrifty housewives to do a little home canning of saimon for winter
use when the fish are abundant and cheap, and they find caiming
salmon as easy as canning vegetables and fruit. The fish are dressed,

skinned, and the backbone removed. It is then cut into transverse

strips of a size to fit either a pint or a quart glass jar, whichever is to

be used. The jars are then filled with the pieces, salted to taste, the
rubber ring put on, after which the can cover is put on loosely so that
the steam may escape. Strips of thin wood are placed at the bottom
of a kettle or wash boiler and the cans set down on them. Enough
cold water is then poured into the kettle to bring it up to within about
2 inches of the top of the cans. The kettle is then put on the stove
and, after it comes to a boil, note is made of the time, and the cans are

cooked from one and one-half to three hours. There seems to be a

great variation in the time of cooking on the part of the operators.

Some even cook only one hour, but these generally use a preservaline.

About three hours seems to be the best time, as the bones are then
quite soft. At the end of the cooking period the tops are tightened,

tne kettle removed from the stove, and the water and cans allowed to

cool in the kettle.

Portable retorts and hand doubleseamers arenow available for house-
hold use, and as a result many are using tin cans as containers. A re-

cent improvement on the double seamer permits of the use of a tin con-
tainer three tunes, thus materially reducing the heavy expense for cans.
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FIG. 36.—AN INDIAN SALMON DRYING RACK, BERING SEA, ALASKA.

FIG. 37.—THE BARONOVICH SALMON SALTERY; THE OLDEST SALTERY IN ALASKA.
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INSPECTION OF PLANTS PACKING CANNED SALMON.

For some years there has been a desire on the part of a majority
of the salmon cannors for some form of inspection of the plants
and of the pack made. The widespread suspicion that the salmon
j)ack of 1918 was considerably below standard, which suspicion
resulted in heavy monetary loss to the packers, gave a great
impetus to this desire. Tne National Canners' Association, an
organization composed of the majority of the canners of the United
States, a few years before, at the request of the sardine canners of

Maine, organized them into the sardine section of the association,

and by an assessment of a small sum per case raised sufficient funds to

)rovi(le an inspection service to see that the plants were put into and
cept in a satisfactory sanitary condition and also to inspect the goods
packed and, if they were up to the standards fixed in advance, to affix

to the cans suitable certificates attesting this.

At its annual convention in 1919 the association decided to ex-

tend a similar service to any other section willing to assess itself

to pay the necessary expense. In explanation of its plan the asso-

ciation issued the following circular shortly after the convention
had adjourned:

1. This service is installed by the National Canners' Association, with which a
direct contract is made by each canner.

2. It runs for a term of three years and is applied in States or local territories where
similar conditions are to be met.

3. The cost of the inspection is paid by the canners in the territory named through
an assessment which, in the past, has been collected by the can companies with
which each canner deals. This cost is added to the can invoice, and is remitted by
the can companies to the treasurer of the National Canners' Association each month.

4. In order to meet the preliminary expenses of the inspection before the regular
fund becomes available, each canner who signs a contract will pay into the treasury
of the National Canners' Association, within 30 days after signing the contract, an
assessment of one-half cent per case on his pack of 1918, on the commodities to be
inspected. Should the total sum raised during the season be greater than the expenses
of inspection during the season, a refund of all or a portion of the one-half cent pej:

case will be made after a small sum is reserved to maintain a consistent surplus.

5. The treasurer of the National Canners' Association distributes this money to

the local sections where the money is to be spent.

6. The National Canners' Association has no profit in this inspection—its only
requirement being that each canner under inspection is a member of the association,

and pays the membership and general dues.

7. A director or supervisor of inspection is appointed by the National Canners'
Association who in turn appoints his assistants. The salaries of the director or su-

I)ervisor and his assistants are fixed by the National Canners' Association which works
in harmony with the judgment of the advisory board. The director or supervisor
must be a man of superior ability, preferably one with scientific training. He must
also be a good executive.

8. The director or supe^^d8or acts in conjunction with the advisory board which
may consist of five, seven, or nine members. This adAdsory board is elected by the
canners in the States or Territories covered. The duties of this board are what its

name implies, "advisors." In point of actual experience, it is found this advisory
board is able to settle all practical disputes and misunderstandings which may arise

under this method of inspection. There is always a final appeal to the executive
committee of the National Canners' Association.

9. The National Canners' Association does not promise or guarantee to issue cer-
tificates of inspection, but in territories where inspection has existed, the certificates

have been issued on products which merit the same. It should be distinctly under-
stood, however, that this does not form any part of the contract.

10. The cost in territories where inspection has been applied has been one and
one-quarter to two cents per case. It is impossible to advise in advance definitely
what the cost will be, as the local conditions differ. It should be borne in mind that
there must always be a sufficient number of inspectors to protect the inspection, and
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if canners are widely scattered, this, as a matter of course, will increase the number
numerically—not in proportion to the pack.

11. The inspection covers sanitation in plants, quarters for employees, and sani-

tation of the product. It is also proposed, as the work progresses, to apply inspection

to the character of the raw product, and grading of the same. This grading on staples

will be worked out on recommendation frcm the advisory board, which will be har-

monized so as to give a uniform grade to each product through the entire country.

12. In localities where inspection has been installed, local laboratories purchased

and financed by the funds for inspection, have been found most useful. These
laboratories fiu-nish prompt facilities for canners for testing their product and working

out manufacturing problems which come up during the activities of the canning

season. These laboratories are established and work in harmony with the research

laboratories of the National Canners' Association, Washington. D. C.

13. This inspection can well be made the basis of a consistent publicity advertising

campaign, should the industry adopt it generally, in time to guarantee its working
satisfactorily during the canning season of 1919. The present plan, however, does

not include this publicity campaign, as this is a matter which must necessarily be
passed upon later by the canners themselves.

14. Copy of contract with each canner is herewith inclosed, or information.

On February 17, 1919, the matter of adopting this inspection system
was submitted to the salmon canners of the Pacific coast and accepted

by a large majority. A chief inspector and a number of assistants

were appointed, who carried on a sanitary inspection of the various

canneries during the following summer. It is the intention ulti-

mately to extend this inspection to the pack itself.

INVESTIGATION OF CANNED SALMON INDUSTRY.

In 1917 and 1918 an investigation of the canned salmon industry

was made by the Federal Trade Commission and many valuable

statistical data were gathered and published."

The following table shows, with other data, the average number
of fish per case of each grade packed in the different geographical

sections.

Number of Fish Canned and Purchased, Number of Cases Packed, and Aver-
age Number of Fish Per Case. *>

District.
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Number of Fish Canned and Purchased, Numbkk of Cases Packed, a\d Aver-
age Number of Fish Per Case—Continued.

District. Grade offish.

West Ala<!ka Medium reds.

Num-
ber of

com-
panies
report-
ing.

Central .Masica.

Soiitlieast Alaska.
Pugot Sound
Columbia River..
Outside rivers a..

Totalsand a\era):es.

West Alaska
Central Alaska
Southeast Alaska
Puget Sound

Totals and averages.

West Alaska
Central Alaska
Southeast Alaska
Puget Sound
Columbia River
Outside rivers o

Totals and averages

Columbia River

.do....

.do....

.do....

.do....

.do

Number
offish
canned.

394,048
3a5, 246

1,018,014
1,099,374
346,597
349, 053

Number
offish

purchased.

4f., 619
131, 998
505, <)37

677, 4S5

310, 216
349, 348

74
i 3,512,332

| 2,331,819

Pinks.
do.
do.
do.

Chiitrs.
do..
do..
do..

....do..

...do..

3
j

4,153,303
6

I

4, 102, 775
27 12,206,379
8

(

1,800,875

44 I 22,323,382

1,144,595
331, 423

3,661,176
2,981,678

374, 370
110,809

69
I

8,604,051

Steelheads. 1U3, 774

Totalsand averages. 103, 774

640,248
1,821,558
4,772,128

607

7, 134, 541

289, 663
160, 465

2, 296, 478
1, 887, 278
358,255
106,973

5,099,112

Percent-
age of
fish

canned
which
were
pur-

chased.

11.83
43.22
49.67
61.62
89. 50
100.09

66.38

13.00
44.39
38.89

Number
of Ciises

packed.

36, 078
37, 275

117, 422
110, 658
42, 782
34, 937

379, 152

25.30
48.41
62.72
63.29
95.69
%.53

59.26

102,117

102, 117

214, 482
212, 169
879, 953
70, 979

31.99 1,377,583

97,528
37, 870

344, 213
387, 373
62, 043
16, 896

945.923

16,991

16,991

Aver-
age
num-
ber of

fish

per
case.

10.92
8.19
8.69
9.93
8.10
9.99

9.26

19.36
19.33
13.93
25.37

16.19

"11774

8.75
10. 63
7.70
6.34
6.56

9.10

6.10

6.10

1917.

West Alaska
Central Alaska. ..

Southeast Alaska.
Puget Sound
Columbia River.

.

Outside rivers a..

Totals and averages

West Alaska.!
Central Alaska
Southeast .\laska
Puget Sound
Columbia River
Outside rivers <•

Totals and averages

West Alaska
Central Alaska
Southeast Alaska
Pugot Sound
Columbia River
Outside rivers"

Ki!!g3

.do.

.do.
do.
.do.

Reds..
....do.
...do.
....do.
....do.
....do.

Totalsand averages

We.st Alaska
Central Alaska. .

.

Southeast Alaska.
Pnget Sound
Columbia River.

.

Outside rivers".

.

Totals and averages

West Alaska
Central Alaska
Southeast Alaska
Puget Sound
Columbia River
Outside rivers «

,

Totalsand averages

Puget Sound
Columbia River
Outside Rivers "

Totals and a verages

.

Med urn reds.
....do

.do.

.do.

.do.

.do.

Pinks.
do.

...do.

....do.

....do.

....do.

Chums.
....do.
....do.
....do.
....do.
....do.

Steelheads

.

.-..do

....do

107,590
34, 158
283,643
209, 360
959,846
45,378

18, 407
19, 872

202, 693
105, 731

643,063
43, 468

1,639,975
[

1,033,234

21,449,913
2, 271, 989
1,964,993
4,731,861
1, 213, 887

21, 868

31,654,511

145, 837
238,572

1,033,339
813, 269
728, 221
394, 779

1, 192, 000
974, 653

1, 074, 658
1,233,489

688, 637
21, 868

5, 185, 305

119

3,349,017

3, 9o», Ml
5, 221, 887

24, 166, 8,34

11, 805, 693
77, 081

62, 892

45,292, 778

527, 982
728,514

4,087,578
2,547,457
277,836
88,736

8, 258, 103

33
138,421

787

18,3!io

141,424
419, 046
501, 857
587, 879
376, 224

2,044,815

1, 175, 748
2, 172, 476

10, 473, 748
6,361,891

14,635
62, 892

17.10
58.19
71.46
50.54
6.99

95.75

63.00

5.56
42.89
54.95
26.00
56.72
100.00

16.40

12.60
59.29
40.55
73.90
80.72
95.29

21,398
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The following table shows the relative importance of different

species within each district in 1916 the red or sockeye salmon was
the most abundant, but in 1917 the humpback had usurped this place

by a small m rgin.

Relative Importance of Different Species Within Each District.^

|Per cent which each species is of total pack by districts.]

District.
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MILD CURING.

Tlie beginning of the business of mild-curing snlmon, or "sweet
pickling," as it is s(mietimes called, is of comparatively recent date.

In 1889 a German dealer came to the Columbia River an<l tried to
interest some of the canneiy men in the business. J. O. Hanthorn,
M. J. Kinney, and J. W. Cook were persuaded to prepare some, and
the plant of the Northwest Cold Storage Co., at Portland, was used to
keep the fish at a low temperature during repacking and preparation
for shipment. These fish were shipped to Germany, but the shippers
received no financial returns, word coming back that the fish were not
satisfactory.

Owing to this lack of success from the first effort, no further attempt
was made imtil 1894, when Mueller & Loring, of Chicago, put up a car-
load of mild-cured salmon at Kalama, Wash., and shipped it to Ger-
many. In 1896 Charles Ruckles and Wallace Bros., of Kalama,
packed several carloads for the German market. It was not until
1898 that the business was permanently established on the Columbia,
the Trescott Packing Co. and S. Schmidt & Sons putting up plants
at Warrenton and Astoria, respectively.

In 1900 the Trescott Packing Co. began packing the spring and fall

runs, and the Sacramento River Packers' Association packed the fall

run, on the Sacramento River, the business being carried on here every
year since.

In 1901 the Sacramento River Packers' Association began at Mon-
terey the mild curing of the spring salmon that were taken with hook
and line in the open ocean.

S. Elmore & Co. started the industry in 1902 at Tillamook, and the
business began on Puget Sound in 1901, when the San Juan Fisliing

& Packing Co. and the Seattle Fish Co. took it up. The Pacific Cold
Storage Co. began the next year at Anacortes.

Prior to 1906 several of the Alaska cannery men put up each season
a few tierces of mild-cured salmon, but it was not until this time that
the industry really began as such. In that year J. Lindenbergcr (Inc.)

started packing at Ketchikan, Alaska. The following 3'ear several
other plants were started, and in 1910 almost all of the lung salmon
taken in southeast Alaska were mild cured. The same is true to-day.
For mild curing the fresh fish must be given greater care in han-

dling than is the case with any other process. Care must be exercised
to see that the flcsli of the hsh is not bruised or broken, and in order
to make sure of this the handlers usually pack several fish in one
box, with cracked ice over and around them if the weather is warm.
As soon as a box is filled, it is put in the hold, where the boxes are
stacked one upon another, but prevent more weight than is repre-
sented inside one box coming upon any one fish.

In dressing, the head is removed, care being taken to leave as much
of the bony structure of the head as possible to assist in holding the
side of the hooks when it is being smoked later on; the fish is then
split down the belly to the vent, the entrails removed, when a cut is

made on either side of the blood clot in the back, and the fish passed
to the "washer," who holds the fish on its back in a slot on the
table under a spray of water, and removes the membrane of skin
which covers the inside of the backbone and inside of which a good

11312°—21 9
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deal of thick blood lies, by means of a large spoon or some similar
form of scraper. A knife should not be employed. Some curers do
not remove the fins at this stage, while others do.

The body is then scored along the sides with a small knife, care
being used to cut the skin only this allows the salt to penetrate more
freely and thus assist the process of cure. A specially prepared ec-

centric wheel is sometimes used for this purpose, which makes a series

of small cuts varying from half an inch at the tail to Ih inches long
at the shoulder, and from 2 to 3 inches apart.

The fish is now ready for the splitter, who turns it on its back with
the open belly toward him and forces the shoulder down on a sharp-
pointed nailj so the fish will not slip during the operation. A cross-

cut is first made across the root of the tail to the bone, but no deeper.

Then the knife is entered at the vent, immediately above the bone,
and a cut, which should go no farther back than the middle of the
backbone, is drawn down to the crosscut already made. Then rais-

ing the lug with his left hand, the splitter enters the knife at the
shoulder above the bone, and with one sweep from head to tail, sepa-
rates the entire side. This is the more easily done if the fins have
been previously removed. If the work is perfect, there will be no
flesh left on the bone, but a line of fat will show down the center of

the side. This improves the appearance of the fish and adds to its

value.

In order to remove the bone from the remaining half of the fish,

the splitter inserts the knife under the bone, about the vent, and
draws down toward the tail, but care must be taken, as before, not
to go farther back than the spine. The splitter now takes the fish off

the nail, holding it by the lug, his left thumb resting on the upper, or

inside of the fish, and his fingers on the lower, or skin side. The tail

is now pointing away from the splitter, who enters his knife care-

fully under the backbone, and with one dextrous outward sweep sepa-

rates the bone from the fish right down to the root of the tail. When
abreast of the crosscut, however, he turns the knife sharply down-
ward, and cuts ofi^ the fish the same as on the other side. As with
the first half, no flesh should be left adhering to the bone, and the

line of fat should show down the center. In other words, the two
sides should be exactly alike.

The sides are dipped into cold water in the dress tank, and are then
laid, skin side down, on the table with the thin or belly edge toward
the front. A man then removes any blood remaining in the veins on
the inside of the fish, by pressing it away from him toward the back
of the fish, either with his fingers or with a spoon. If the blood is

not squeezed out in this way the salt will harden it during the process

of curing, and the flesh will become dark in color. The sides are then
dipped in a tank of weak brine and crushed ice to give them a final

wash, but should on no account be left to soak in the brine. Upon
removal, they are again scraped to insure the removal of all the blood
from the veins.

Great care must be used in handling the newly split sides, as they
are very tender and may be easily broken or bruised. In lifting

them by the lug or collar bone, the curer should have his fingers to

the inside and his thumb to the outer or skin side; otherwise the
skin may be broken.
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Tlic sides nro then taken to the saltor, who lays tliom, skin side

doAvn, on a salting table, on which lias been dumped a quantity of

dairy salt, and gently rubs the flesh with the salt, lifts it up with
only such salt as will adhere to it, and places it in the tierce.

The tierces in which the salmon sides ai-e packed are stout casks
macb' of (ir oi- spi-uce, bound with six strong galvanized hoops. They
contain about SOO pounds of fish, but wIkmi full of pickle the gross
weight of cask and content is between ],1(){) and 1,200 pounds. A
plug hole is boi-(>(l in the head of the tierce.

Two or thr(M' handfuls of salt are thrown over the bottom of the

tierce, then a layer of salmon sides, skin down, and two or three hand-
fuls of salt are sprinkled over them. In ])acking two sides of fish,

crossed head and tail are packed close to opposite sides of the
tierce, the back or thick part of each side being placed close up
against the side of the tierce. Other sides of fish are pack(Hl from
the sides toward th(^ center of the tierce, napes and tails alternately,

the back of each side being drawn halfway up and resting on the
side already laid. ^^Tien complete, the layer should be perfectly

level, and this depends a good deal on how the last or center piece
is laid. Salt is sprinldcd between each layer in the manner and
quantity noted above and the process continued until the tierce is

full. The tiers should bo crossed in packing. The top layer should
be placed with the skin up and have extra salt put on. From 85 to

100 pounds of salt are used to 800 pounds of fish.

The tierce is then headed up, after which pickle is poured in mi til

the tierce is quite full. This piclde may be made with the same
salt as is used for rousing and sprinkling the fish. Perfectly clear

water should be provided and broken ice should be added in liberal

quantities, if the weather is warm. Before using, the piclde should
be strained thi-ough a fine sieve or a clean cloth, to remove froth

and sediment. A centigrade saltmeter is used by most mild curers.

The pickle is made to a strength of at least 90°, but it usually weakens
to about 70° during the first 10 days of cure, whereas after re-

packing it should not readily come below 85°, and it should retain
that strength for a long time.

When tierces have been filled with pickle they are rolknl inside a
cold-storage room, with a temperature of 35 to 38° F., where they
may be tiered two tiers high. V(ny little variation in the temperature
is allowable, as it would start the oil or fat in the flesh, allowing
it to escape into the brine.

Unless the tierces are kept quite full of piclde the sides of fish

are apt to be broken when the cask is rolled about. The tierces

must be examined frequently to see that they are full of brine, as
there arc always small leaks, while the staves absorb more or less

moisture. Furthermore, if the tierces were allowed to leak, ugly
yellow spots would show on the parts of the fish that were left dry.
Thus it is of the utmost importance, both during the two or three
weeks allowed for pining and also after repacking, to see that they
are kept full of piclde. Several gallons of pickle may be absorbed
by each cask during the first two or three weeks of cure.
The actual shrinkage during the two or threi^ weeks in which the

fish lie in the first packing may be reckoned at 30 per cent. Fat,
well-conditioned fish, especially those which are caught in the ocean,
slu'ink less, but poor fish, especially those caught when well on their
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way to the spawning grounds, shrink more—sometimes up to 35
per cent.

After holding the fish in storage for at least 20 and not more
than 90 days they are taken out of the tierces. Each side of fish

should be lifted out carefully, as described above, and sponged with
a large sponge until all salt and slime are entirely removed, leaving

onty a clean, red side of fish. Either pure ice water or ice pickle

may be used for this washing, but it will depend entirely on the
quality and condition of the fish. Soft, poor fish would require
pickle, but good firm fish may be washed in clean ice water.

The sides are then weighed and graded accordingly, 6 to 8 pounds,
8 to 10 pounds, and so on, being the grades. Sides of 11 pounds
and over are called large fish, and "L" is marked on the side of the
tierce. Some curers grade their sides from 9 to 11 pounds and
class them as medium and mark them "M;" smaller sides are termed
small and are marked ''S."

After the sides have been graded they should be counted and
repacked, the defective sides, such as thin-bellied, torn or broken,
being put by themselves. Fish which are considered perfect are

called No. 1 ; those which do not come up to that standard are

termed No. 2, and are marked accordingly; while fish that have
any taint of sourness are marked "T." In repacking, the sides of

fish should be replaced as nearly as possible in their original position,

those curved in shape being placed against the sides of the cask and
straight pieces laid in the center of the tier. No salt is used in repack-
ing, but as soon as the tierce is filled, the head put in, and the air test ap-

plied it is laid on its bilge and filled up with ice-cold pickle made to a

strength of 90° salometer (90 per cent saturation) that can be made
from fresh or salt water, whichever is handiest and cleanest, half-ground
salt being used. There will be about 830 pounds of fish on an average
in the tierce after repacking, and some 14 gallons of pickle may be
required to fill the cask up. They are then put back into cold storage

and pickled at the bilge daily for at least a week. If kept for any
length of time, they would, of course, have to be tested, regularly—

a

tap with a hammer would do—and any leakage promptly rectified.

If properly cured, the fish should keep in good condition for months
in cold storage, provided the casks are sound and kept full of pickle.

On the head of each tierce are put the following marks : Initials of

packer or packers; initials of place where packed; number of tierce

(consecutive) ; number of sides in tierce, the tare, and the gross

weight (weight of pickle not counted)
;
quality of fish (I, II, or T)

;

and size of fish (L, M, or S).

If of first quality, no mark is necessary, but second-quality and
tainted fish have to be noted.

In the early days of the industry different preparations, which
included salicylic and boracic acids, were used to help preserve the

fish. This caused much complaint from the Germans, and finally

their Government subjected our product to a rigid inspection, with
most salutary results, as now it is one of the purest and best products
put up on this coast, the use of acids being done away with entirely.

The king salmon is almost invariably the species mild cured, being
the only one large enough to answer the requirements of the trade.

In 1907 a Ketchikan (Alaska) packer put up a quantity of colio, dog,

and humpback salmon, but he found so much difficulty in disposing
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of the product that he abandoned further eflForts in this line. A few
cohos are put up each year.
The principal consumers of the mild-cured salmon are the smokers,

who take them from the tierce, wash and soak them for a few
minutes, and then have a practically fresh fish to smoke, and not,
as in the days when hard-pickled salmon were used, one that had lost

most of its oil and flavor through the excessive amount of salt needed
tojjreserve it.

The greater part of the product put up on this coast goes to
Europe, Germany being the principal consumer, but considerable
quantities are sold in Norway, Sweden, and other countries, while
the smokers of the cities east of the Kocky Mountains use large
quantities every year.

In Germany, the principal market for mild-cured salmon, nearly
all of the fish are smoked. One of the most popular ways of using
the smoked salmon is in the making of sandwiches, and probal)!}^
the greater portion of these are used in the beer halls and the auto-
matic restaurants in that country.

PICKLING.

The earliest method of preserving salmon on the coast was by
pickling. At times this industry attained to large proportions, but
during the last 10 years it has been declining, largely because the
canners are able to pay more for the raw fish than the salters. All
species of salmon are pickled

, but the most popular is the red salmon.
In dressing salmon for pickling the head is removed, the fish

split along the back, the cut ending with a downward curve on the
tail. The viscera and two-thirds of the backbone are removed, and
the blood, gurry, and black stomach membrane scraped away. The
fish are then thoroughly scrubbed and w^ashed in cold water. They
are next placed in pickling butts with about 15 pounds of half-ground
salt to every 100 pounds of fish. The fish should be laid in a Her,
flesh side up, and the salt well sprinkled over it, repeating until the
tank is full. Several boards are then laid across the fish and these
are weighted down with large stones in order to keep the fish sub-
merged in the pickle which will form. The fish remain here about
one week, the brine being held at about 90°, They are then removed,
rubbed clean with a scrub brush, and repacked in market barrels,
one sack of salt being used to every three barrels of 200 pounds each.
About 40 to 52 red salmon, 25 to 35 coho salmon, 70 to 80 humpback
salmon, 10 to 14 king salmon, and 25 to 30 dog salmon are required
in packing a barrel of pickled salmon.
A few salteries also pack "bellies." This product is merely the

beUy of the fish, which is the fattest portion, and as most of the
packers threw away the rest of the fish, thus causing a very large
waste of choice food, this method has come under the ban of the law
in some of the coast States and in Alaska. As a result, but few
"bellies" are packed now, and most of these only when some economic
use is made of the remainder. Humpback salmon furnish the major
part of the "belly" pack.

In preparing salmon bellies, the operator first cuts off the two
pectoral fins, and them removes the head, care being taken to foUow
the curve of the body until the backbone is reached, which should
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then be severed straight across. With the smaller salmon the fish is

then turned on its back, and the operator inserts his knife in the

body just above the backbone and cuts down through the body, the

knife coming out just in front of the vent. If properly done, the cut

will come close to the upper wall of the stomach. With large king

salmon it is sometimes necessary to make the cut first on one side,

then turn the fish over and make the cut on the other side. The belly

is then laid flat on the cutting table and the membrane at one end
cut so the belly will lie flat. The bellies are then washed and salted

the same as liard-salted salmon.
When bellies are cut, the backs are saved and either dried in the

open air, without salt, or else pickled.

With large kings, the operator, after the belly has been cut out,

scrapes the inside of the remainder of the carcass. The knife is then

inserted under the backbone at the end nearest the tail, and it is cut

away with as little flesh as possible adhering to it. The blood is

then scraped off, tiie fish thoroughly washed, and then salted the same
as the whole fish.

Some of the old-time fishermen save parts of the salmon heads as

food. In this event, the head is split lengthwise clear to the bony
covering which protects the top of the head. The gill rakers are then

removed from each side of the split head, leaving the nutritious parts

intact. The cleaned heads are then salted down the same as whole

salmon.
DRY SALTING.

During the progress of the Russian-Japanese War the preparation

of dry-salted dog salmon became an important industry, but as soon

as the Japanese fishermen resumed their former occupations the

demand fell off so much that the industry was virtually abandoned
in the United States, although a number of Japanese continue it in

British Columbia. The fish, after being dressed, were packed in

boxes, in salt, these boxes holding about 560 pounds of fish, and were

shipped in this condition to Japan.
At a number of places in Alaska the bellies of red and coho salmon

are cut out and salted, after which the backs are dried in the sun

and, thus cured, are used for fox food at the numerous fox ranches.

This product is called "ukalu."

SMOKING.

The smoking of salmon is virtually a continuation of the pickling,

as the fish must be pickled before being smoked, the main purpos- of

the pickling being to preserve them until the time arrives for smoking,

which may be weeks or months after the fish are caught. For smok-
ing the salmon are taken out of the barrel and soaked until as

much of the salt as possible is removed. They are then put into the

smokehouse and subjected to the heat and smoke of a fairly hot fire

for about two days in order that they may be thoroughly dried and

hardened. Exposure to a smoldering fire (alder wood is a favorite

fuel) for about three days completes the process.

For shipment smoked salmon are packed in wooden boxes, oil paper

being placed between the fish.

In the manufacture of smoked salmon, the mild-cured product is

most in demand. The necessary c^uantity of sides is taken from the
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cold-storage and placed in largo tanks fdlcd witli frosh water. In

these they are soaked over night, the water being ehanged several

times, depending upon the salinity of the lish, the variation of which
depends upon the length of time the product has been held in storage,

those held longest absorbing the most salt.

After soaking, the sides are taken from the tanks, piled on tables,

and alhnved to tlrain as much as possible. They are then taken one

at a time, laid ilesh side down, and a bacon hanger, which is made of

wire and has six or more points bent at right angles to the frame,
terminating at the top in a hook, is pressed firmly into the Ilesh

on the skin side and at the upj)er end of the side. They are then

hung upon a round stick, which latter is then set in position in the

smokehouse, each end resting upon supports on the side. The
lish are })laced so that no two of them will touch. When the smoke-
house is full, a small tire of any nonresinous wood is then built under-
neath to dry them, the ventilator in the top being left open so the

moist air can escape. The lires should not be allowed to become
too hot; the object is to give the fish smoke rather than heat, as in

the latter case they would become partially cooked. For a mild

cure, for ready consumption, from 8 to 10 hours, according to the

condition of the fish, should be sufficient. If immediate sale should

not be possible the fish must be kept in a cold-storage room with

a temperature of about 24° F.

In sections where the products move more slowly into consump-
tion, a harder smoking is wanted. In this event, they are held

over the fire until dried, which would depend upon climatic condi-

tions, but probably around two days. After the fish have dried

sufficiently, the fire is smothered with sawdust, which produces a

dense smoke, giving the sides their color. During the latter period

the ventilator is partly closed, but must be watched to prevent the

fish from sweating.

When thoroughly smoked the sides are removed from the smoke-
house, taken oif the hanger, and each side wrapped in paper, then

packed in wooden boxes holding each 30 pounds.
Kippered salmon.—On the Pacific coast practically all of the

kippered salmon is prepared from frozen white-meated king salmon,

which on account of the color of the flesh is not in much demand.
It is, however, fully the equal, in both flavor and food value, of the

red-meated kings. It is not absolutely essential that the fish be

first frozen, as the fresh fish may be kippered after dressing, but

the latter is always a little soft when so prepared, owing to an excess

of moisture, which is largely removed in freezing. Fresh salmon is

available only part of the year, so it is found most convenient to

freeze and store the stock and work it up when needed throughout

the year.

Before freezing, the Hsh have been dressed, so when thawed in

cold-running water, it is only necessary to split and cut them into

pieces of a pound or less, these being about 6 inches long, or perhaps

3 inches broad, depending upon the part of the fish the piece is taken

from, and place them in a tank of strong brine to season for several

hours. They are then dipped in a harmless vegetable coloring,

similar to that used by the butchers for coloring sausage: this gives

the outside of the product a red color, a concession to popular

prejudice.
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From the coloring tank, the pieces are placed on a tray with wood
frame and bottom of one-half inch square meshed wire; care is taken
that the pieces do not touch each other.

The tray is then slipped into a rack which will hold a number of

these, placed one above the other, and this rack is then run on a
track into the smokehouse.
A medium fire is then kindled which dries and slightly smokes

the pieces from 16 to 18 hours.
When they reach a proper stage the fire is enlarged, but great care

must be exercised in order to prevent their being overheated, and
this is done by means of the damper at the bottom of the smoke-
house and the ventilator at the top. The fish are baked in this

manner from 25 to 35 minutes, the thermometer showing from 250
to 275° of heat.

When the cooking is completed the cars are pulled out and the
fish allowed to cool, after which each piece is wrapped in a square
of parchment paper and packed in a box or basket which holds 10

pounds.
The product is quite perishable, and if it can not be used at once,

when of course it is at its best, must be placed in cold storage. The
packer endeavors to turn out daily only the amount he can market
that day.

Belelce.—A smoked product, laiown locally as "beleke," is put up
at Kodiak, Alaska, from red and coho salmons. Steelhead trout are

the best for this purpose, but are not often utilized owing to their

scarcity in this region. In preparing "beleke" only the backs of the

fish are used, the belly part being cut out and pickled separately.

The backs are divided into three grades, according to size, viz,

"small," "medium," and "large." They are first put into a brine, the

"large" being put in first, followed by the "medium" and "small"
at intervals of one hour each, so that all will be cured at about the

same time. The coho backs, being the largest, are kept in the brine

from 19 to 20 hours, while the red salmon backs, which are smaller,

remain in the brine only about 16 hours. After being thoroughly

salted the backs are removed from the brine and rinsed in fresh

water, then hung in the air for about 24 hours to dry and to allow

a thin skin to form on the outside. They are then hung in the smoke-
house, in the presence of a little fire of cottonwood or alder. On dry

days the gable windows are thrown open and the wind allowed to

pass through while the smoking is going on. The smoking must be

done slowly, two weeks being devoted to it.

There is a good demand for this product locally, the fish selling

for from 15 to 20 cents a pair, but little effort has been made to

extend its sale outside of central Alaska.

FREEZING.

The process of preserving fish by freezing was first introduced in

1888. Previous to this the comparatively ancient method of packing

with ice, or in rare instances letting the fish freeze naturally during

the winter months, was followed. Packing with ice is in quite general

use to-day for shipments of fish which are to be preserved for short

periods of time. Cooling with ice never results in a temperature

lower than 32° F., which, of course, does not freeze the fish.
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The freezing of salmon and steelhead trout bej^an on the Sacra-

mento and Columbia Rivers in the late eij^hties. It was taken up
in a small way on Puget Sound in 1892. That year Wallace Bros,

and Ainsworth & Dunn froze a small lot, the work being done for them
by the Seattle Ice Co. (now the Ice Delivery Co.), and the venture was
so successful that the next year nearly all of the wholesale dealers on

the Sound took up the business. The Crescent Creamery, of Tacoma,
also engaged in the business for the fish dealers for a year or two
shortly tlieroafter. In 1902 the British Columbia Packers' Asso-

ciation bought a large cold-storage plant at New Westminster,
British Columbia, at that time the only large and modern plant

in the Province, and began the active freezing of fish. Since then

a number of excellent plants have been built and operated. In

Alaska the preparing of frozen salmon began in 1902. The San Juan
Fishing c'c Packing Co., soon to be succeeded by the Pacific Cold
Storage Co., put up a cannery and cold-storage plant at Taku Harbor,
in southeast Alaska, in 1901, though it did not operate the cold-

storage portion until 1902, The Taku Harbor Canning & Cold

Storage Co. later on succeeded to the ownership and operation of

this plant. This is the only plant which was operated in Alaska
until the New P^ngland Fish Co. erected in 1909 a large plant at

Ketchikan for the freezing of halibut primarily, but considerable

quantities of salmon have been frozen also.

In 1911 the schooner Metha Nelson was fitted up as a floating

freezer by the Alaska Packers Association and sent to Kodiak Island.

As the vessel arrived in San Francisco shortly before the State's

closed season on salmon began, and it was a difficult matter to dispose

of the catch before then, the business was abandoned.
In 1912 J. Lindenberger (Inc.) opened a freezing plant at Craig,

on Fish Egg Island, Alaska, while the ship miliam H. Smith was
outfitted as a floating cannery and freezer by the Weiding & Inde-
pendent Fisheries Co., at Saginaw Bay, Alaska. The latter operated
only one season.

The year 1913 saw quite a development in the industry. The
Columbia & Northern Fishing & Packing Co., at Wrangell, the Juneau
Cold Storage Co., at Juneau, the Booth Fisheries Co., at Sitka, and
the floating cold-storage ship Glory of the Seas, by the Glacier Fish
Co., at Idaho Inlet, were all started this year.

In 1914 the Ketchikan Cold Storage Co. opened a freezer for the
general commercial freezing of fish.

In 1917 the San Juan Fishing & Packing Co. built and operated a
cold-storage plant at Seward.

In 1918 Henry Goemaere operated for the first time a plant at
Washington Bay; while the National Independent Fisheries Co. and
the Trout Fisheries Co. froze salmon at Ketchikan. All the other
freezers operated as usual, the only change being the purchase by
Libby, McNeill & Libby of the cold-storage plant and cannery of the
Taku Harbor Canning & Cold Storage Co. at Taku Harbor.
The freezing of salmon is almost invariably carried on in connection

with other methods of handling and preserving, and the purpose is

usually to secure the fish when numerous and cheap, freeze them, and
then hold them until the runs are over and the fish are once more
in good demand at high prices. The business proved so profitable,
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however, that the dealers began to look for wider markets for their
product. Europe, more especially Germany, was prospected and a
profitable market soon developed, with the result that to-day frozen
Pacific salmon can be secured in nearly every town of any size in

western Europe, while large quantities are marketed all over our own
country.
There are four important features in packir"- and using frozen

salmon: (1) To get fresh fish; (2) to keep them cOiu (about \5° above
zero) after they are frOi?;en; (3) to keep a coat of ice on them; and
(4) to allow them to thaw slowly in cold water or in the air before
cooking.

In selecting salmon for freezing, only the finest and freshest of

each species are used. The current belief that freezing destroys the
flavor of the fish is erroneous, the flavor depending entirely upon
the condition before freezing, and the quicker they are frozen after
being caught the better will the natural flavor of the fish be pre-
served. Frozen salmon are just as wholesome as fresh, and their

chemical constituents are almost identical. The danger lies in the
temptation to freeze the fish after decomposition has set in, but, for-

tunately, this is now very rarely practiced in the salmon industry.
The coho, or silver, and the chum, or dog, salmon are the choicest

of the salmons for freezing. The other species, except the red, or
sockeye, which is too oily and rarely frozen, are also frozen in vary-
ing quantities. The steelliead trout, which is ranked by the Pacific

coast dealers among the salmon, is considered the choicest fish of

all for freezing.

Some of the most modern plants in the country are on this coast.

These have numerous freezers, generally, in which a temperature of

from 25° to 30° F. below zero can be maintained if desired, alt! ">ugh

a temperature of more than 10° below zero is rarely ever reqi,

All freezing is by direct expansion and each freezer is piped '
<

about 2 feet of l}-inch pipe per cubic foot of freezing space. ' he
bunkers in the freezers are in pairs, generally nine pipes wide, spaced
10 inches apart. This leaves about a 3^-foot passage through the
center of each freezer opposite the swing doors. The salmon are laid

on metal sheets, which are placed on the tiers of pipes.

After freezing the salmon are passed through openings in the rear
of the freezers into the glazing room, which has a temperature of

about 20° F., where they are dipped into water, and when removed
are covered with a thin glaze of ice, which may be thickened by
repeated dippings. This is an extra precaution to exclude the air

from the fish.

After being thoroughly frozen and glazed, each fish is covered first

with a parchment, like rolls of butter, and then with a piece of

heavy brown paper. They are then packed in boxes holding about
250 pounds each, placed in cold-storage cars and shipped.
The method of freezing fish in brine is now under serious consid-

eration by a number of fishermen and dealers A brine freezer

may be of small capacity and carried on a fisliing boat or it may
be a freezer of large capacity at some central point convenient for

receiving the catches. In this method a strong brine solution, cooled
by circulation through crushed ice, is used for freezing the fish. By
this method large fish may be frozen in from 1 to 3 liours, a great
saving in time as compared with the method at present in use.
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UTILIZING SALMON EGGS AND MELT.

Every year immonse (juantilios of salmon eggs are thrown away in

tli(> fislicric's of tlio west coast, though t ere is but little doubt that,

if properly pi-epared, a market could in time be found for this now
waste part of the fish. In France there is a good market for a

product known as "rogue," which is the spawn of cod, haddock,

hake, and pollock, salted in casks, and which is used as bait in the

sardine fisheries. Salmon spawn is the choicest and most successful

bait used on this coast, and if properly prepared would undoubtedly
answer th(» purpose as well as the regular "rogue" if not better,

owing to us oiliness and attractive color. The roes should be soaked

for some f'ays in old brine and then packed in strong casks holding

about 2> gallons each. It might also prove to be a good bait for

tolLng 1 lackerel on the Atlantic coast.

In 19 a considerable quantity of salmon roe was prepared in

Siberia md sold in competition with caviar, which is prepared from
sturger eggs. The product met with favor in Europe and now large

([uani ? are prepared each season.
Tv ... country Miss Ida Tuholski, of San Francisco, who had been

en^^',^_4^, \i\ the preparation of sturgeon caviar for some years, put up
a ni'

'

r of sample lots of salmon caviar which are fully the equal

of thfc jist sturgeon caviai-. Capital has been chary, however, about
engagiiig in the business, although undoubtedly it will be an impor-
tant i- lustry some day.
Fo making caviar the eggs should be as fresh as possible, and

in Ox {o make sure of this the salmon aie taken alive, if possible,

short aft(n- coming from the water, killed and bled, the belly

opened up and the roe taken out. This work can best be done
on work and living scows anchored close to the fishing camps.
The roe l placed upon a stand, the top of which is formed of a

small-meshed galvanized-iron wire screen. On the imderside is

arranged a zinc-lined trough. The operator gentl}' rubs the mass of

eggs back and foith over the screen, the mesh of which is just large

enough to let the eggs diop through, and, as they are separated from
the memb.ane by the rubbing, they fall through into the trough and
are the nee drawn off into tubs by means of a sliding door at the end
of the trough.

Aft ali the roe has been separated the tub is removed and a cer-

tain jportion of salt (the sturgeon caviar makers employ the best
Luneb irg, Germany, salt in this work, while some of the Siberian
makers of salmon caviar use No. 2 Berkshire salt from England) is

added to the roe, after which the mass is mixed with the hands.
The most delicate part of the whole operation is in the manner of

mixing. No direct rule can be given for doing this portion of the
work, as the condition of the roe regulates the time consumed and
the manner of handling. It requires practical experience to become
proficient, but this should be an easy matter for one used to handling
salted products. The stuigeon caviar makers use about 11 pounds
of salt m preparing a keg of caviar.

After the salt has been added the mass of eggs first dries up, but
in a few minutes the strength of the salt draws from the eggs their

watery constituents and a copious brine is formed, which can be
pouied off when the tub becomes too full. In Siberia the caviar
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makers put the eggs into a brine solution of 19 to 22 per cent Baum6
strength immediately after they come from the trough. The salted
eggs are then poured into very fine-meshed sieves which hold about
10 pounds each. In the caviar house are arranged long, sloping
boards with narrow strips nailed on each side. On these the sieves

are placed and left here from 8 to 20 hours in order to thoroughly
drain.

The Siberian caviar makers hasten the operation by putting the
eggs into a brine solution as noted above, leave them there for from
25 to 45 minutes, then place them in bags and subject them to heavy
pressure, after which they are packed. While this method occupies
less time, it is not thought the resulting product is as good as that
prepared by the slower method outlined above.
The eggs are then transferred to small casks (holding about 135

pounds). The sturgeon caviar makers use oak or pine casks, but
some of the Siberian makers say that oak casks tm'n the salmon caviar
black. The casks are steamed before use in order to prevent any
possible leakage. It is especially necessary that the kegs or barrels

used be air-tight, as otherwise the product will spoil. Barrels such
as used in packing salt salmon are rarely ever tight enough to hold
caviar. The casks are covered and allowed to stand until the gas
escapes and the eggs settle. The vacant space caused by the settlmg
is then filled, the cask headed up and put in a cool place until ready for

shipment.
The Siberian salmon caviar makers use a small quantity of "pre-

servaline" in each keg for the purpose of aiding in preserving them,
as cold-storage facilities aie quite primitive as yet in that country,
and it is the addition of this powder which forms the mysterious part
to the uninitiated. No preservative would be needed in Alaska,
however, as the kegs could be shipped in cold storage along with the
mild-cm'ed salmon.

Several establishments are putting up these eggs in jars and her-

metically sealed cans for use as bait in sport fishing.

In 1916 one of the companies operating in Alaska put up some
salmon melt in cans. No difficulty was experienced in canning this

Eroduct and it met with considerable favor from those who tried it,

ut nothing has been done with it since.

MISCELLANEOUS PRODUCTS.

A few years ago a company on the Columbia River put up what
was known as "fish pudding." In preparing this the salmon was
ground fine, mixed with milk and eggs, and then packed in tin cans.

The preparation was soon abandoned.
In 1903 one of the Point Roberts canneries packed a new product

which was called "salmon paste." For this the fish was ground up,
cooked, seasoned with spices, etc., and made into fish balls, a very
palatable dish when warmed over.

In 1905 a Seattle concern began the manufactui'e of wienerwurst
sausages from halibut and salmon.
The Indians in the Bristol Bay region of Alaska occasionally dress

the skins of salmon and make of them leather for the tops of boots,

also bags and other small articles.

A pioduct, which was first made in Norway, is prepared by means
of an invention which quickly di'ies and pulverizes the flesh of fresh
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fish. The resulting powder, called "fish flour," is easy to transport
from one place to another and has great nutritive value. It is

probable that the tailpiecas of the fish, which are at present thrown
away, and the cheaper grades of salmon might be prepared in this

way and thus furnish another market for salmon.

, ;
: '. ' MEAL, FERTILIZER, AND OIL.

As early as 1888 there was a small plant at Astoria, Oreg., where
the refuse of the canneries was utilized for the manufacture of oil and
fertilizer. In that year 8,000 gallons of oil (chiefly from salmon
heads') and 90 tons of fertilizer were prepared. The oil was worth
22^ cents per gallon and the fertilizer had a market value of S20
per ton. Most of the refuse was dumped into the river, however.
In 1898 a similar plant was established in the Puget Sound district

of Washington. At present the plants of the Robinson Fisheries Co.
at Anacortes; the Pacific American Fisheries at Eliza Island, near
Bellingham; the Wannenwetsch Reducing Co., at Blaine; and the
Japanese-American Fertilizer Co. on Lummi Island, all on Puget
Sound, operate quite largely on the offal from the Sound salmon can-
neries.

In 1882 the Alaska Oil & Guano Co. established a fertilizer plant at
Killisnoo, Alaska, for the extraction of oil and fertilizer from herring,
and has operated the plant continuously ever since. In some years
large quantities of whole salmon have been handled at this plant,
and the resulting product was found to sell as well as that from
herrino;.

In Alaska the Fish Camiers By-Products (Ltd.), in 1914 built a
largo plant at Ward Cove, near Ketchikan, where salmon offal is

used in the preparation of fertilizer, meal, and oil. The company is

now experimenting in the preparation of various chemical products
from the raw material.

Probably the most serious evil in the salmon industry to-day is the
enormous wastage which annually occurs. About one-fourth of the
total weight of each fish handled at the various packing plants is

thrown away. With the exception of the tailpiece, which is dis-

carded at some canneries owin^ to the excessive amount of bone
which would be in the product if canned, this waste material could
not be utilized as food, comprising as it does the head, viscera, fins,

and tail. When not conveniently near the very few fertilizer plants
at present in operation this product is either allowed to pass through
chutes into the water under the cannery, or is dumped into scows and
towed to the ocean or the deeper waters of the sounds, and there
thrown overboard. This procedure is not only exceedingly wasteful,
but is also far from beneficial to the waters where deposited.
The great desideratum in the salmon fisheries of the Pacific coast

at the present time is the invention of a small odorless fertilizer

plant, costing not more than $2,500 or $3,000, which can be installed
at the various salmon canneries and saltcries. The offal from the
cannery could there be utilized and the product obtained would
doubtless net a fair return on such an investment, while at the same
time the present (in the aggregate) enormous waste would be stopped,
and the waters adjacent to the canneries rendered far more agreeable
to the fishes as well as to the people on shore. It is absolutely essen-
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tial that the plant shall be odorless, as the smell of the ordinary fer-

tilizer estahhshment would be very offensive to persons visiting the

cannery and would not enliance the demnnd for canned salmon. At
the present time the cheapest plant available costs about $10,000, and
very few canneries can afford to invest this sum of money in the dis-

posal of their own offal alone.

A great impetus has been given to the industry during the last two
years, owing to the big demand which has come from the farmers

and poultrymen for fish meal or scrap, which, after it has been mixed
with other ingredients, can be fed to cattle, hogs, and poultry. Ex-
periments carried out at various agricultural experiment stations,

both here and in Europe, show conclusively that this class of food in-

creases the appetite of the animal, and consequently the weight,

while it does not affect the flavor of the flesh of the animals.

SHIPPING FRESH SALMON DIRECT TO CONSUMER.

An important new feature m the salmon industry is the shipping

of individual salmon direct to consumers by express, or, for certain

short distances, by parcel post, for a certain fixed sum, which in-

cludes the fish itself and the cost of delivering same to the buyer.

This business began in Tacoma, Wash., in 1914, and those who
originated it advertised throughout the country that they would
ship a fresh salmon to any express office in the United States (except

Southern Express), express prepaid, for $1.25, weight 7 to 8 pounds.

In 1915 the cost, delivered east of the Mississippi River, was raised

to $1.50 each, the old rate of $1.25 still being in force for shipments

west of the Mississippi River. The price has since been increased

to $2.50 for any place in the United States. The number of shippers

has increased very much, and the business is now carried on from a

number of places in Washington, Oregon, and California.

In shipping nn individual fish, it is packed in a box containing 20

pounds of cracked ice. These boxes are collected by the express

companies and are generally sent out in their own regular cars

attached to trains leaving in the evening. About every 15 to 20

hours the box is opened and from 5 to 7 pounds, depending upon
the weather, of cracked ice added to the box to make up the loss

through melting.

As the Post Office Department will not accept packages in which

ice is used for preserving fish, the use of the parcel post for ship-

ments of individual fish is limited to the first postal zone (up to 50

miles from the initial point), except in winter, when the postmasters

are authorized, in their discretion, to accept shipments for the

second zone (50 to 100 miles from the initial point). In making
fresh-fish shipments by parcel post, frozen fish are generally used.

Most of the orders come from the Middle West, where fresh fish

aie not abundant, but orders are received from all sections of the

country.
The success met with in shipping fresh salmon led to a considerable

expansion of the industry, with the result that now one can obtain

not only a fresh salmon, but also may purchase salt, smoked, t-nd

kipperecl salmon, salt codfish, and fresh halibut, smelt, crabs, and

other sea food in their season.
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NUTRITIVE QUALITIES OF SALMON.

More and more attention is being paid by the consuming public

to the nutritive qualities of the food products offered tliem, and this

is es))ocially true as regards fishery products.

The proper functions of food are two-fold, first, to furnish protein

for building and repairing the body, and second, to supply energy

for heat and muscular work. Foods which supply an abundance of

both at a reas()nal)le price are of the greatest importance from an
economical standpoint.

ANALYSES OF CANNED AND FRESH PACIFIC SALMON.

Despite the great prominence of the salmon industry, but little

time has been devoted to it by the chemist.

Prof. W. O. Atwater was the first American investigator to devote
any portion of his energies to the analysis of Pacific salmon. In
"Principles of Nutrition and Nutritive Value of Food" (Farmers
Bulletin No. 142, United States Department of Agriculture, 1901),

he gives the following analysis of canned Pacific coast salmon

:

Water, 63.5 per cent; protein, 21.8 per cent; fat, 12.1 per cent; ash, 2.6 per cent;

fuel value per pound, 915 calories. "^

C. F. Langworthy. in "Fish as Food" (Farmers Bulletin No. 85,

Ignited States Department of Agriculture, 1898), gives the following

analyses of fresh and canned Pacific coast salmon:

Fresh salmon, California (sections): Refuse (bone, skin, etc.), 5.2 per cent; water,

60.3 per cent; protein, 16.5 per cent; fa^, 17 per cent; mineral matter, 1 per cent;

total nutrients, 34.5 per cent; fuel value per pound, 1,025 calories.

Canned salmon: Refuse (bone, skin, etc.), 3.9 per cent; salt, 1 per cent; water,

59.3 per cent; protein, 19.3 per cent; fat, 15.3 percent; mineral, 1.2 percent; total

nutrients, 35.8 per cent; fuel value per pound, 1,005 calories.

Dr. Harvey W. Wiley gives the following as the composition of a

Pacific coast salmon (species not given) :

*"

Fresh—Water, 63.61 per cent; protein, 17.46 per cent; fat, 17.87 per cent; ash, 1.06

per cent. Dry—Protein, 52.31 per cent; fat, 49.05 per cent; ash, 2.92 per cent.

On page 137 of the same work Dr. Wiley gives the following as

the mean of three samples of Pacific coast canned salmon:

Composition of canned salmon.—Mean of three samples. Water-free substance:
Protein, 53.52 per cent; fat, 40.52 per cent; ash, 6.24 per cent.

Prof. Knisely,'^ of 1;he Oregon State Agricultural College at Cor-
vallis, Oreg., analyzed canned salmon packed at the Funter Bay
(Alaska) cannery of the Thlinket Packing Co., with the following
results:

Species.
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H. M. Loomis, formerly chief of the Seattle food and drug inspec-

tion laboratory, Bureau of Chemistry, United States Department of

Agriculture, reports as follows on analyses of both canned and fresh

Pacific salmon made at this laboratory.*'

CANNED SALMON (1911 PACK.) a
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being 10.34 per rent, while the minimum found is 15.0(1 per ront nnd Iho maximum
22. 15 per cent. The total phosphoric acid varies from 4.2 per cent to 9.8 per cent,

the average being 6.6 per t'ent.

As would ho expected, the samples containing the larger projiortions of fat liberate

I he larger (luantities of heat units, or calories, per pound, and it will be noted that the
price is not in all cases an accurate measure of value, some of the higher ])riced varie-

ties l)eing in reality much lower in actual cost, when their food value is taken into

consideration, than some of the <'heaper varieties."

The table below has been condenserl from tliat shown in the report.

The brand, name of the jobber, and tlie data about these samples,
where the species is not shown on the label, have been eliminated, as

they were not essential to our purpose. All of the other data have
been reproduced exactly as they appeared in the original report.

Not a single one of the samples apparently bore the packer's label,

all being jobber's labels.

Labora-
tory No.

15-56
15-210
15-209
15-60
15-72
15-65
15-59
15-64

15-204
15-58

16-220
15-64

15-222
15-219
15-207
15-221
15-205
1.V70
15-61

15-20,S

15-206
1.5-214

15-57

Variety.

Red
Fancy sockeye
Salmon steaks.
Fancy red
Sockcve
...do."

Red sockeye.

.

...do
Red Alaska...
Coho salmon ..

Red Alaska...
Coho salmon..
Pink salmon.

.

Red salmon...
Pink salmon.

.

Chum
Red salmon...
...do
Pink salmon .

.

Gorbouscha ti .

Alaska salmon
...do ,

Pink Alaska.

.

Total
moisture

Per cent.

52. .32

59. 29
60.45
60.46
60.80
60.95
61.60
62.18
65.44
65. 65
66.12
67.18
69.53
09.87
70.45
70.52
70. 86
71. 45

71. r.4

73.17
73. 30
73. 76
74.08

Ether
extract.

Per cent.

17.68
16.83
17.96
15.40
18.19
15.94
15.48
13.10
10.57
9.62
8.63
9.59
6.62
6.36
7.28
4. .57

4.04
4.47
4. .35

5.33
2.43
3.98
3.90

Protein.

Per cent.

19.50
18.28
17.31
18.22
19.15
18.56
16.89
19.13
20. 31

17. 32
21.22
17.60
20.48
20.38
17.66

19.73
21.11
20.75
18.31
17. 35
21.22
18.31
1.5. 66

Ash.

Soluble. Insoluble.

Per cent.

2.15
1.63
1.47
1.33

.81
1.50
1.99
1.45
2.15
1.61
1.73
1.18
1.85
2.24
1.53
.80

l.fiO

2.15
1. 5(i

1.27
1. 45
1.62
1.50

Per cent.

0.81
.88
.33

2.89
.78
1.11

.57

.65

.51
1.33
.62
1.20
.78
.57
.90
.72
1.13
1.60
1.01
.45
.96
.54
1.02

Labnra-
torv No.

15-56
1.5-210

1.5-209

1.5-60

15-72
15-65
15-59
15-64

15-204
1.5-58

1.5-220

15-64

15-222
15-219
1.5-207

15-221
15-205
1.5-70

15-61
15-208
15-206
1.5-214

15-57

Variety.

Red
Fancy snckr ye

.

Salmon steaks.
Fancy i cd
Sockeye
...do."

Red sockevc . .

.

...do ."...,
Red Alaska
Coho salincn
Red .Vlaska
Coho salman. . .

.

Pink salmon. . ..

Red salmon
Pink salmon. . ..

Chum.
Red salmon
...do
Pink salmon
Gorbouscha''
Alaska salmon <

.

...do

j

Pink Alaska. . ..

Phosphoric acid, d
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ANALYSIS OF SALTED SALMON.

Falkenburg & Co., of Seattle, have recently made an analysis of the

food value of salted salmon, as follows:*^

Regarding the salmon recently inspected and analyzed for you by ourselves with
the following results:

Protein 21. 97 per cent.

Fat 4. 34 per cent.

Salt 19. 08 per cent.

Ash 84 per cent.

Moisture 54. 35 per cent.

Calories per pound 592

If this salmon were freshened, as is the custom in preparing it for the table, removing
all but about 2 per cent of the salt, the fish would then have the following analysis:

Protein 27. 13 per cent.

Fat 5-36 per cent.

Salt 2. 47 per cent.

Moisture 65. 11 per cent.

Ash 1. 03 per cent.

Calories per pound 734

Bulletin No. 28 of the United States Department of A.griculture, "Chemical Compo-
sition of American Food Products" gives on page 51 the food value of the average

canned salmon as purchased as follows:

Refuse 14. 2 per cent.

Protein 19. 5 per cent.

Fat 7.5 per cent.

Ash - 2. per cent.

Moisture 56. 8 per cent.

Calories per pound 680

STATISTICS OF THE SALMON OUTPUT.

SALMON CATCH IN 1918.

The following tables show the total catch, by species, of salmon and
steelhead troiit on the Pacific coast of North America in 1918, and the

catch, by apparatus and species, for each geographic section of Alaska
and Washington in 1918:

Summary, by Section and Species, of Pacific Coast Salmon Catch in 1918.

Section.
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Salmon Catch in 1918, by Apparatus and Species, for Each Geographic Sec-
tion OF Alaska.o

Apparatus and species.

Seines:
('oho, or sliver

rhitm, or keta
Humpback, or pink.
King, or spring
Red, or sockeyo

Total.

Gill nets:
Coho, or silver

Chum, or keta
Hunipbuck, or pink
King, or spring
Red, or sockeye.

Total.

Pound nets:
Coho, or silver

Chum, or keta
Humpback, or pink
King, or spring
Red, or sockeye

Total.

Lines:
Coho, or silver
Chum, or keta
Humpoack, or pink.
King, or spring
Red, or sockeye

Total.

Dip nets:
Coho, or silver...

King, or spring..
Red, or sockeyd.

Total.

Wheels:
Coho, or silver
Chum, or keta
Humpback, or pink.
King, or spring

Total.

Total:
Coho, or silver

Chum, or keta
Humpback, or pink.
King, or spring
Red, or sockeye

Grand total.

Southeast
Alaska.

Pounds.
2, 239, 596
42,507,872
53,774,192

StiS, 830
3,979,215

102,869,705

Central
Alaska.

Pounds.
546,966

15,239,240
19, 615, 380

32, 296
9, 528, 400

44,962,282

1,495,494
1, 589, 760

365, 540
460, 570

2, 583, 605

6, 494, 969

4,198,356
29, 164, 536
96,348,688

696, 674

7,113,930

137, 522, 184

1,802,370
236, 1 00
37, 076

8,177,818
105, 540

10,358,804

2,757,504
2, 199, 696

118,388
1, 9&J, 190

8, 688, 790

15, 747, 668

2,030,592
11,275,288
19,941,668

614,922
20,191,895

54, 054, 365

Western
Alaska.

Pounds.
23,454

1, 744, 448
443,504
119, 658

4, 492, 510

6,823,574

763, 164

5, 459, 944

885, 992
2,040,808

117, 100, 100

126,250,008

60,000
1,681,560
1,722,468
217,844

1,892,915

5,574,787

51,018
195, 580

1, 013, 425

1,260,023

9,735,816
73, 498, 168
150,525,496

9, 7a3, 892
13, 782, 290

257, 246, 662

5,380,080
28,714.224
39, 675, 436
2 825,988

39, 422, 510

116,024,238

1,501,572
2, 188, 200

12, 552
1,102,674

4,801,898

2,348,190
11,074,152
3,064,516
3,480,884

123, 485, 525

143,453,267

Total.

Pounds.
2,810,016

59, 491,.560
73,833,076

52' 1, 784
18,000,125

164,655,561

5, 016, 162

9,249,400
1,369,920
4,484,568

128,372,496

148,492,615

6,288,948
42,121,384
118,012,824

1,529,440
29,198,740

197,151,336

1,802,370
2:56,000

37, 076
8,177,818

105,540

10,358,804

51,018
195, 580

1,013,426

1, 260, 023

1,501,572
2,188,200

12, 552
1, 102, 574

4,804,898

17, 470, 086
113,286,544
193.265,448
16, 010, 7W

176, 690, 325

516, 723, 167

a Figured from data in "Alaska Fisheries and Fur Industries in 1918," pp. 42, 43. By Ward T.
Bower. U. S. Bureau of Fi.shiTics Dcx-umont No. 872, Appendix Vll, Report U. S. Commissioner of
Fisheries, 1918. Washington, 1919. In changing from number of fi.sh to pounds the species were figured
on the following basis; Coho, 6 pounds; chum, 8 pounds; humpback, 4 pounds; king, 22 pounds; and
red, 5 pounds.
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Salmon Catch in 1918, by Apparatus and Species for Each Geographic
District of Washington.

Apparatus and species.
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Salmon Catch in 1018, By Apparatus and Species for Each Geographic
District of Washington—Continued.

Apparatus and species.

Hooks and lines:

Coho, or silver

('hum. or kcta
Chinook, or spring..
IlurapViack, or pink
Sockeye. or red
Steelliead

Total

Total:
Coho, or silver

("hum, or kcta
Chinook, or spnnp..
Humpbacli, or pink
Sockcye, or red
Steelhead

Grand total

Puget
Sound.

Pounds.
638, 436

960
391,312

112

2,645
64

1,033,529

9, 825, 138

9, 252, 568
10,3,52,070

311,396
2,807,155

277,400

32,826,327

Grays
Harbor.

Pounds.
34, 170

,HHS

8,160

Willapa
Harbor.

Pounds.
3,036

1,184

43,218

840, 792

222, 001)

643. 432
644

5,755
31,008

492,110
304,056
344,010

485
5,008

1,743,631 1,145,669

Columbia
River.

Pounds.
376,356

160
933,904

5,745
1,597

1,317,762

1,4615,664

374,616
9,567,210

41,,528

1,313,885
1,133,317

Total.

Pounds.
1,051,998

2.008
1,334,560

112

8,390
1,661

2,398,729

12,621,704
10,153,240
20,907,322

353, 568
4,127,280
1,446,733

13,894,220
I

49,609,847

BRISTOL BAY WATERS SALMON CATCH, 1913 TO 1917.

Broadly speaking, about one-third of the yield of salmon from
Alaskan waters comes from the important Bristol Bay region. The
following table shows the catches made in the more important waters
fished in the Bristol Bay district in the period of five years from
1913 to 1917:

Salmon Catch, by Streams, in Bristol Bay Region, 1913 to 1917.<»

Species and stream.
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PACK OF CANNED SALMON IN 1919.

The following table shows, by species, grades, and sizes, the pack
of canned salmon for the Pacific coast of North America in 1919:

Pack of Canned Salmon on the Pacific Coast in 1919.a

Species, grades, and si5?es.
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Pack of Canned Salmon on the Pacific Coast in 1919—Continued.

Species, grades, and sizes.
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CANNING INDUSTRY, 1864 TO 1919.

SUMMARY OF CANNING INDUSTRY.

From the beginning of the canning of salmon on this coast it has
been the most important branch of the industry, and the following

table shows in condensed form the number of cases packed in each
year on the Pacific coast of North America from the beginning of the

industry in 1864 to 1919, both inclusive.

As British Columbia is a Province of the Dominion of Canada it

does not come strictly within the scope of this report, but in order to

show the pack of canned salmon on the North American shores of

the Pacific Ocean, which would be incomplete without that of the

Province, it has been included also.

Pack op Canned Salmon on the Pacific Coast, by Years and Waters.

Year.
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Pack of Canned Salmon on the Pacific Coast, by Years and Waters—Con.

Year.
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had arisen for a cheaper product. There is a very great difiference

in the selhng value of the highest and lowest grades, and it is neces-

sary to have complete statistical data now in order intelligently to

comprehend the trend of the industry. While every effort has been
made to make these tables complete, there are, unfortunately, some
gaps which it was found impossible to fill. Such ellipses indicate

that either the canneries did not operate or that no data were
available for such periods.

Although there are only five species of salmon found on the Pacific

coast, each bears several common names which are in general use in

one or more of the many fishing districts. Trade names of each
species as known in each district follow:

Districts.
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Pack of Oanmed Salmon on Puget Sound in Specified Years—Continued.

Year.
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. Pack of Canned Salmon on Hoh River, Wash., in Specified Years.

Year.
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Pack or <
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Pack of Canned Salmon on the Columbia River from the Inception of the
Industry to 1919.

Year.
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Pack of Canned Salmon on the Columbia River from the Inception of thb
Industry to 1919—Continued.

Year.
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Pack of Canned Salmon on the Columbia River, by States, 1916-1919.

states and species.



PACIFIC SALMON FISHERIES. IGl

Pack op Canned Salmon on Tillamook Bay, Oreo., in Specified Years.

^ca^.
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Pack op Canned Salmon on Siletz Rivkh, Oreo., in Specified Years.

Year.
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Pack of
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Pack op Canned Salmon on the Umpqua River, Oreg., in Specipieu Years. <»

Year.
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Pack of Canned Salmon on Coquille River, Oreo., in Specttied Years.

Year.
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Pack of Canned Salmon on Rogue River, Ores., in Specified Years—Contd.

Year.
Canneries
operated.

Chinook.

Cases. Value

Silverslde.

Cases. Value.

Total.

Cases. Vidue,

1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1913
1914
1915
1916
1917
1918
1919

2,681
3,799
8,418
16,000
18,500
12,000
7,537
4,364

186
232

3,020
6,938
19,094
22, 640

24, 707
20, 469
17,237

$13, 405
20,058
45,038
64,000
111,000
72,000

56, 528
32, 655
1,300
1,788

27, 160

62, 060

135, 301

181,120
271,777
225, 159
215, 463

4,184
4,091
4,792
3,255
1,500
6,000
1,796
2,650
699

2,711
2,403

987
515
501
660

2,704
671

$17,736
17,387
20,366
11,392
6,375

18, 000
8,980

13, 250
2,977
16,266
11,857
5,453
2,369
2,505
5,280

24,336
8.052

6,865
7,890

13,210
19,255
20,000
18,000
9,333
7,004

885
2,943
5,423
7,925
19,609
23,141
25,367
23,173
17,908

$31,141
37,445
65,402
76,392
117,375
90,000
65,508
46,905
4,277
18,052
39,017
67,513

187, 670
183,625
277,057
249, 495
223,515

Pack of Canned Salmon on Smith River, Calif., in Specified Years.

Year.
Canneries
operated.

Quinnat.

Cases. Value.

Sllverside.

Cases. Value.

Total.

Cases. Value.

187S
18S0
1884
1885
1888
1893
1894
1895
1914
1915
1916
1917
1918
1919

4,277
7,500
6,500
1,550
2,347
1,500
1,500
2,250

1,955
1,515
6,300
4,041
4,366

$23,096
41,250
33,000
9,300

14, 082
7,500
7,500

18,685
12, 120

69,300
44,451
56,758

500
500

3,000
1,078
990

612

$1,500
1,500

18,000
6,220
4,950

5,508

4,277
7, .500

6,500
1^550
2,347
2,000
2,000
2,250
3,000
3,033
2,505
6,300
4,653
4,366

$23,096
41,250
33,000
9,300
14,082
9,000
9,000
9,990
18,000
19, 905
17,070
69,300
49,959
56,768

Pack of Canned Salmon on Klamath River, Calif., in Specified Years.

Year.
Canneries
operated.

Quinnat.

Cases. Value.

Silverslde.

Cases. Value.

Total.

Cases. Value.

1888
1892
1893
1894
1895
1899
1902
1904
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919

4,400
1,047
1,600
1,700
1,200
1,600
2,500
3,400
6,633
8,016
7,400
18,000
6,376
7,500
10,400
6,484
5,130
5,555
6,291

$26, 400
4,188
6,400
6,800
5,321
8,800
13,500
20, 800
33,000
52,000
46,000
117,000
40,500
48, 500
72,800
61, 872
66, 430
61, 105

81,783

3,500
2,500
2,400
2,900
4,292
1,145

$1,500

14,000
13,000
12, 000
23,200
38, 628
13,740

4,400
1,047
1,600
1,700
1,600
1,600
2,600
3,400
5,633
8,016
7,604
18,000
6,376
11,000
12,900
8,884
8,030

o 10, 200
b 7, 731

$26,400

6,400
6,800
6,821
8,800

13, 500
20,800
33,000
52,000
48, 816
117,000
40, 600
62,500
85,800
63, 872
79, 630

102, 557
96,523

a Includes 353 cases of steelheads, valued at $2,824. b Includes 296 cases ef steelheads.
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Pack of Canned Salmon on Eel River, Caliv., in Specified Years. <»

Year.
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Pack of Canned Salmon in Alaska, by Districts, since the Inception op the
Industry.
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Pack of Canned Salmon in Alaska from 1898 to 1919, bt Species.

Year.

Coho, or silver.

Cases. Value.

Chum, or keta.

Cases. Value.

Humpback, or pink.

Cases. Value.

1898
1899
1900
1901

1902
1903
19(M
1905
1906
li)07

1908
1909
1910
1911

1912

1913
1014.

1915
1916
1917
1918,

1919

.54,711

39, 402
50, 9H4

65,509
82, 723

120,506
85,741
67,394

109, 141

85, 190
68,932
56, 556
114,026
133, 908
166, 198

75, 779

157,063
124,268
261,909
19.3,231

218, 958
230, 138

$21.5,875

382,109
337, 384

274,089
231,029
559, 666

762, (•)47

741,377
261, 6,54

690,086
536, 124

1,399,491
1,682,745
2,004,979
2,761,656

.5,184

1,931
30,012
47, 464
1.59,849

35,052
21,178
41,972

254,812
184, 173

218, 513
120, 712
2.54,218

323, 795
664, 633
290,918
663, 859
479, 946
724,115
906, 747

1,364,960
1,348,462

$113,056
730, 235
547, 757
554, 197
274,110
773,409

1,199,563
1,-584,130

643, 948
2, 240, 705
1,243,321
2, 420, 600
5, .572, 047
8, 562, 872
8,630,157

109,

149,

232,

541,

549,

355,

299,

168,

348,

,561,

644,

464,

5.54,

1,005,
l,2S(i,

1,372,
986,

1,875,
1, 737,

2, 296,

2,438,

1,657,

$498, 194

1,046,951
1, 799, 280

1,733,379
1,114,839
1,764,055
3, 972, 706
3, 296, 598
3,550,587
3,4,59,116

5,217,203
6,330,185
14,794,062
16,068,456
13,259,472

Year.
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Output o op Canned Salmon in Alaska, 1912 to 1918.*

Product.
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Pack of Canned Salmon in British Columbia Since the Inception of the
Industry, by Waters.

Year.

1870.
1S77.
1N7S.

1879.
1880.
1881.
1882.
1883.
1884.
1885.
1886.
1887.
1888.
1889.
1890.
1891.
1892.
1893.
1894.
1895.
1896.
1897.
1898.
1899.
1900.
1901.
1902.
1903.
1904.

1903.
1906.
1907.
1908.
1909.
1910.

1911.
1912.

1913.
1914.

1915.
1916.
1917.
1918.
1919.

Total.

Canner-
ies oper-
ated.

Fraser
River.

Cases.
7,247

66,387
81,446
50. 490
42, 155

142,516
199, 204
105, 701

34,037
89,617
99,177

130, 088
76, fil6

310, 123
244,352
177,989
98. 491

474,237
363, 566
432,920
375,344
879, 776
264, 225
527, 396
331,371
998, 913
327, 197

237, 126

128, 903
877,136
240,486
163,116
89,184

567, 203
223, 148
301,344
173,921
732,059
328, 390
289, 199
106,440
377,988
206,003
158, 718

12,119,943

Skeena
River.

Cases.

3,000
8,500
10,603
19, 694
21,.560

24,522
31,157
53,786
12, 900
37,587
68,592
70, 106

58, 405
91,645
77, 057
90, 750
69,021
61,005
69, 356
97,863
61,310
80,102
112,562
135, 424
125, 845

165, 936

98, CG9
154, 869
114,085
162,420
169, 255
209,177
140, 739
222, 035
264, 410
254, 268
164,035
237,634
279, 161
223, 158
292,219
374, 216
398. 877

6, 367,525

Rivers
Inlet.

Cases.

5,635
10,780
20,383

15,000
11,203
20,000
21,722
33,500
36,500
14, 955
35, 416
40, 161
58,575

107, 473

40,090
105, 362
76, 428
74, 196

66, 794

70, 298

69,390
94.292
83,122

122, 878
94,064
76,090
91,014
129,398
101,066
137, 697

68, 096
109.052
146, 838
85,383
96,302

103, 155
80,367

2,560,675

Naas
River.

Cases.

6,500
9,400
8,500

12,318
19,800
24,700
11,058
26, 100
15,680
20,000
20. ,'•,41

14, MO
20,000
20,000
19, 442
20,200
15,004
23.212

12, 100

19,085
32, 726
32, 534
31,832
46,908
40,990
39, 720

65,684
71, 162
53,423
94, 890

104,2,89

126, 6S6
119,495
143,908
97,512

1,440,047

Outlying
districts.

Cases.

1

4

5

t
17

11

18
25
7

6
22
26:

22

29
45
40:

50
50
68'

00
71

99
122
12

147
226
359
336
341
313
453
672
788:

667

,500
,600
.,400

',000

1,000

,200
,200
,000
,102
/m
,907
,425
,848
,500
i,300

,453
,007
,862
,091
,349
,656
,518
,390
,745
,392
,142
192

, 330

,974
,900
,461
,538
,268
,073
,894
,398
,481
,875
,682

6,275.373

Total.

Cases.
7,247

58,387
89,946
61,093
61,849
169,576
240,461
163,438
123,706
108,617
162,964
204,083
184,040
417,211
411,257
314,511
248, 721

610,202
492,232
587, 692
617, 782

1,027,183
492, 551

765,619
606,540

1,247,212
627, 161

473, 674
405, 894

1,167,460
629, 460
547, 459
542, 689
967,920
762, 201

948,965
996,576

1,353,901
1,111,039
1,133,381
995,066

1,557,486
1,616,167
1,393,166

26,753,663

Number op Salmon Canneries Operated in Various Sections of British
Columbia in Recent Years.

Year.
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Pack, by Districts and Species, op Canned Salmon in British Columbia from
1903 o, to 1919.

Districts and species.
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Pack, by Districts and Species, of Canned Salmon in Britihh Columbia from
1903 TO 1919—Continued.

District and species.

Fraser River district:

Chums
Cohos
Pinks
Soekeyes
Springs, red
Springs, white...

Total.

Skeena River district:

Chums
Cohos
Pinks
Sockeyes
Springs, red
Springs, white—
Steelheads

Total.

Rivers Inlet district:

Chums
Cohos
Pinks
Sockeyes
Springs, red
Springs, white.

.

Total.

Naas River district:

Chums
Cohos
Pinks
Sockeyes
Springs, red

—

Springs, white.

.

Steelheads

Total.

Outlying districts:

Chums
Cohos
Pinks
Sockeyes
Springs, red

—

Springs, white.

Total.

TOTAL BY SPEaES.

Chums
Cohos
Pinks
Sockeyes
Springs, red
Springs, white.
Steelheads

Grand total.

1909

Cases.

1910

21,540
1,987

542,248
1,428

507, 203

12,249
2S,120
87,901
11,727

742

140,739

1,400

80,027
587

91,014

6,818
3,589

28, 246

2,280
57

40,990

Cases.

52, 177

27,8.55

128
133,045

1,018
8,925

223, 148

11,531
13,473

187, 246
9,.>I6

239

222,035

1911

Cases.

47, 237
39,740
142,101

58,487
7,028
6,751

301,344

1912

Ca.<!es.

12,961
28,574

574
108,784
14,6.5,5

8,37:i

173,921

70
23,376
81,9.56

131,066
1.5,514

2,428

254,410

2,075
19

126,921
383

129,398

6,287
5,411

88,763
317

351

6, 285
S95

30, SU)
1,22S

11

140

5, 189

7,842
11,467
37,327
3,434

325
100

19, 911
12,848
93,019
2, 196

127,974

61,918
a 46, 544
840,441
IS, 218

799

967,920

39,720
,

65,684

.504

39,628
97, .588

92, 498
19,:?32

4, .501

207

1913

Cases.

22,220
11,<V4S

9, 973

684,.596

3, .573

49

732,059

2.54, 2.58

3,845
11,010

8, 809

112, 884
681
468

137,697

3,245
12,468
12,476
36,037
5,710
1,226

71,162

5,834
26,6:^6

20,098
87,893
7,138
301

147,900

39, 167
42,4.57

64,312
67,866
12, 458

201

37,770
73,422
128,296
94, 559
21,967
3,524

18,647
66,045
52, 927

23, a50

3,186

164,055

3,660
2,097
61,745

594

68,096

2,987
3,172

20, .539

23, ,574

2,999
152

53,423

226,461 359,538

58,362
74,382
34,613
565,915
19,313
9,476

140

91,951
119,702
305,247
38:3,.509

38,751
9,705

100

762,201 948,965

58,32.5

165, 102
247,743
444, 762

62,345
18,092

207

996,576

52, 7.58

32,695
94, 233

149,336
7,017

329

336,268

77,965
69,822

192, 8S7

972, 178

37, 43:<

3,616

1,353,901

1914

Cases.

74,726
38,a39
6,0.57

185, 483

9,48.5

14,000

328, .390

8,329
16,378
71,021

1.30, im
11,.529

211

237,634

5,023
7,789
5,784
89,890

566

109,052

25,569
9,276
25,333
31,327
2,660

725

94,890

70,827
48,119

112, 145

99,&30
8,668
1,484

341,073

184,474
120,201
220,340
536,696
.32,908

16,420

1,111,039

o Pinks and chums combined.
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Pack, by Districts and Species, of Canned Salmon in British Columbia from
1903 TO 1919—Continued.

District and species.

Fraser River district:

Chums
Cohos ,

Pinks
Soekeyes
Springs, red
Springs, white

—

Steelheads

Total.

Skeena River district:

Chums
Cohos
Pinks
Soekeyes
Springs, red
Springs, white
Steelheads

Total.

Rivers Inlet district:

Chums
Cohos
Pinks
Soekeyes
Springs, red
Springs, white..
Steelheads

Total.

Naas River district:

Chums
Cohos
Pinks
Soekeyes
Springs, red
Springs, white. .

,

Steelheads

1915

18, 539

34, 114
128,555
89,040
15,388
3,532

31

289, 199

5,769
32,190
107,578
116,553
15,069

204
1,798

279, 161

5,387
7,115
2,964

130,350
1,022

146,838

Total.

Outlying districts:

Chums
Cohos
Pinks
Soekeyes
Springs, red...
Springs, white.
Steelheads

Total.

11,076
15,171
34,879
39,349
3,053

648
113

1916

Cases.

30,184
27,676

840
27,394
11,096
9,217

38

106, 440

17,121
47, 409
73,029
60,923
18,372

2, .561

3.743

223, 158

20,144
15,314
3,567
44,936
1,033

85,3&3

11,200
19, 139

59,593
31,411
3,061

784

1,498

104,289

41,229
58,366
93,376

100, 750
17, 202

1,986
985

313,894

TOTAL BY SPECIES.

Chums
Cohos
Pinks
Soekeyes
Springs, red. ..

Springs, white.
Steelheads

Grand total.

82,000
146,956
367,352
476,042
51,734
6,370
2,927

1,133,381

126,686

161,552
77, 181
143,615
50,125
17,669
2,544

712

1917

Cases.

59,973
30,735

134, 442
123,614
10, 197

18,916
111

377,988

21,516
38,456
148,319
65, 760

13, 586
2,699
1,883

292, 219

16,101
9,124
8,065

61, 195

715
102

95,302

24,938
22,180
44,568
22, 188

3,170
1,326
1,125

119,495

453,398

240,201
186,719
280, 644
214, 789
51,231
15, 495
5,986

995,065

352,745
64,814
161,365
67,091
20,962
4, 603

901

1918

Cases.

86, 215

43, 871
18,388
16,849
15, 192

24,853
635

206,003

22,573
38,759
161,727
123,322
16,013
6,828
4,994

374,216

6,729
12,074
29, .542

53,401
957
452

103, 155

40,368
17,061
59, 206
21,816
2,332
1,820
1,305

143, 908

341,7.30

87, .3.59

258, S82
61,071
31,041
7,866
926

672,481

475,273
165,309
496, 759

339,848
48, 6.30

27, 646
4,020

1,557,485

788, 875

497,615
199, 124
527, 745

276, 459

65, 535
41,819
7,860

1,616,157

1919

Cases.

15,718
54, 866
39,363
29,628
15,223
3,592
328

1.58,718

31,457
36,5.59

117, .303

184,945
23,285
2,656
2,672

398,877

7,089
9,038
6,538

56, 258
1,201
241

2

80,367

24,041
10,900
29,949
28,259
2 993

581
789

97,512

293,730
88,630

1.53,486

70, .355

39,554
11,225

702

657, 682

372,035
199,993
346,639
369,445
82,256
18,295
4,493

1,393,156
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MARKET PRICES FOR CANNED SALMON.

T\\e manner of fixing the selling price at which the canner is willing

to dispose of his canned product varies slightly in certain regions.

In May or June, when the spring-packing season has sufficiently

advanced so that a lino can be gotten on the probable pack of chi-

nook, the highest priced of the pack, the Columbia River canners
agree upon a price, this usually being high or low, as the pack is small

or large.

Since the Alaska Packers Association was formed, through a com-
bination of a number of canneries operating in the Territory of

Alaska, it has packed annually in recent years about one-fourth of

the salmon canned. It also owns several canneries on Puget Sound,
thus being quite a factor in that region also.

In the early days of the association the custom grew up amongst
the smaller packers of Alaska and Puget vSound of waiting until the

association nxed the prices on its own pack, when the others would
generally fall into lino with the same prices for their packs. This
custom is still in vogue. At no time has it ever been compulsory
on the part of any packer to adopt the same prices as the association.

In fact, it has sometimes l)oen tne case that, while the small packer
publicly quoted the association's opening prices, yet in secret he was
shading it by 2 ^ to 5 cents per dozen on certain grades. In recent

years this has frequently been the case and the big packers, who
adhered to the opening prices, have had to sit idly by and watch
their small competitors underselling them and getting the bulk of

the business until they had finally disposed of their goods, when,
necessarily, they would have to drop out of the market until the

next season.

Occasionally the other packers do not like a certain quotation of

the association and make one more nearly in consonance with their

own views. This happened in 1913, when the association quoted 60
cents for chums, while the Puget Sound canners quoted 55 cents for

this grade, and in 1915 when the association quoted 65 cents for

chums and the Puget Sound interests 70 cents for the same grade,

thus showing clearly the independence of the smaller packers.

Owing to a peculiar feature of the salmon marketing ])nsines6,

more depends upon the opening prices than appears on the surface

to the uninitiated.

Shortly after the first of the year buyers throughout the world
begin to take stock of their salmon supplies and shortly thereafter

begin placing their "future" orders. These cover the quantity
required of each grade, and when the buyer orders through a broker
the orders are placed subject to a contract similar to the following:

The undersigned hereby aiitliorizes to book the number of capes of canned
salmon specified below, said bookin.c: to be filed with packers for delivery from
(naming year) pack, subject to buyers' approAal of opening prices when named; the

option being granted buyers of confirming the total number of cases specified below; con-

firming a smaller quantity, or declining any confirmation.—— furthermore agrees that buyers shall have the option of increasing quantities

listed below, when he names opening prices for his packers, contingent upon his

ability to secure at that time an increased allotment from his packers. In event
secures an increased allotment from his packers insufhcient to meet all increases

requested by his patrons, he will distribute such increase as he can secure among
the dealers who have filed conditional contracts with him, according to the date order
that said contracts ha'-" Iceti receiv»^d iiv his office.
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Under this form of contract the packer is expected to be ready to

fulfill the terms of same, except in case of a short pack, when the
orders are generally prorated; i. e., all orders are proportionately
reduced until they come within the compass of the pack. Should
the buyer dislike the opening price he has the privilege of canceling
the order. While this latter privilege may not, at first glance, look
just to the packer, yet it is doubtful if any buyer would place a
"future" order unless he was assured of a chance to cancel it should
he feel that too high a sum was fixed in the opening prices.

Some canneries contract to sell their entire output to one buyer, and
the price fixed is usually the opening prices for the year in question.

In such cases the buyer and seller are both compelled to abide by the
price, no matter how unjust one or the other may consider it.

The association does not announce its opening prices until late in

August or early in September, when the greater part of the packing
is over with and a good line on the total pack has been obtained, and
it speaks well for the discernment of the officials of the association

that their judgment as to prices should meet with the general approval
as often as it does.

AMERICAN OPENING PRICES.

Below are shown the yearly opening prices on the various grades

and sizes from 1890 to 1919. Tne most interesting part of this is

the increase shown in the value of high-grade salmon. Columbia
River chinook was quoted at $1.05 for 1-pound tails in 1897, and it

gradually advances until in 1919 it is quoted at $3.15. Alaska red
1-pound tails in 1897 sold for 90 cents, the lowest during the period

in question, advancing, with occasional recessions, until in 1919 it

reached high-water mark of $3.25. In 1897 Pu^et Sound 1-pound
tall sockeye sold for 80 cents, 10 cents below Alaska red. In 1898 it

sold for 20 cents less than reds. In 1902 it sold for $1 as comp)ared
with 95 cents for Alaska red, and from that time on brought a higher

price, being quoted at $3.15 in 1919 as compared with $2.35 for

Alaska red. No sockeye 1-pound tails were packed in 1919.

Medium red or coho does not figure in the opening prices until 1908,

when Puget Sound coho sold for 5 cents a dozen more than Alaska
coho. Very shortly thereafter, however, both were classed together

and sold for the same price. This grade has not had the wide fluc-

tuations of the others, due mainly to the generally small pack made
annually.
Pink salmon has been the football of the salmon market ever since

the pack became of sufficient size to become a feature in it. The
size of the pack has been steadily increasing, as the fish became
better known, and while the price obtained has been excellent in

certain years (in 1911 it sold at $1 per dozen, the highest point

reached up to that time, usually the price has been low. In 1897 it

was quoted at 65 cents. In 1915 the opening price was 75 cents, but
as a m.atter of fact a large part of the pack really sold for 65 cents.

The lowest point it reached was in 1903, when it was quoted at 50

cents a dozen. As a result of the demand created by the war pink
salmon opened at 90 cents in 1916, $1.65 in 1917 and 1918, and $2.25

in 1919. The market collapsed under the last-named price, how-
ever, and is now (1920) not more than one-half of it.
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It is only of rocotit years that chum salmon has become a factor in

the market. Althougn sold for some time before then, chum salmon
appears first in the regular opening prices in 1908, when it was
quoted at 70 cents a dozen. In 1913 it was quoted at 55 cents

while the opening price in 1915 was 70 cents on ruget Sound and 65
cents at San Francisco. During the war the opening prices on
chums were materially increased, being 85 cents in 1916, %].QQ in

1917, SI. 75 in 1918, and $2.15 in 1919. As in the case of chums the

market collapsed under the 1919 price, and some sales under $1
were made in 1920.

The pack of Alaska and Puget Sountl kings or sj^rings has always
been small, and while they have always been quoted at $1 per dozen
or better (in 1919 they were quoted at S3. 12^) they have always been
slow sellers. It is extremel}^ improbable that the canned pack will

increase much in the future, as this fish is the best for mild curing,

and as the mild curcrs are able to ofl'er better prices for the raw fish

than the canneries, they will always get the fish when desired.

American Opening Prices Per Dozen Cans Since 1890.

1890 to 1902.

Year and species.

1890.

Columbia River chiiiook

Alaska red
Alaska pink

1891.

Columbia River chinook
Alaska red
Alaska pink ...

1892.

Columbia River chinook
Alaska red
Alaska pink

1893.

Columbia River chinook
Alaska red
Alaska pink

1894.

Columbia River chinook
Alaska red
Alaska pink

Tails.

$1.40
1.20
.75

1.35
1.20
.75

1.35
1.15
.75

1.32i
1.17J
.65

1.35
1.10
.60

Year and species.

1895.

Columbia River Chinook
Alaska red
Alaska pink

1896.

Columbia River chinook
Alaska red
Alaska pink

1897.

Columbia River chinook
Alaska red
Puget Sound sockeye. .

.

Alaska pink

1898.

Columbia River chinook
Alaska red
Puget Sound sockeye . .

.

Alaska pink ]

Tails.

$1.32i
1.15"

1.25
1.10
.75

1.05
.95

1.05
.97*
.80'

.65

Year and species. Tails.

rolumT)ia River chinook
Alaska red
Puget Sound sockeye. .

.

Alaska pink

1900.

Columbia River chinook
Alaska red
Puget Sound sockeye. .

.

Alaska pink

1901.

Columbia River chinook
Alaska red
Puget Sound socke\ c . .

.

Alaska pink .'

1902.

Columbia River chinook
Alaska red
Puget Sound sockeye . .

.

Alaska pink

$1.25
1.10
1.10
.67i

1.60
1.25
1.10
.75

1.50
1.25
.95
.75

1..35

1.00
1.00
.65

1903 to 1919.

Year and species.
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American Opening Prices Per Dozen Cans Since 1890—Continued.

1903 to 1919—Continued.

Year and species.

1907.

Columbia River chinook . .

.

Paget Sound soclccye

Alaska red
Alaska pink

1908. .

Columbia River chinook . .

.

Puget Sound sockeye
Pugct Sound pink
Puget Sound coho
Alaska red
Alaska king
Alaska coho
Alaska pink
Alaska chum

1909.

Columbia River chinook,
fancy

Puget Sound sockeye
Alaska red
Alaska king
Alaska coho
Alaska pink
Alaska chum

1910.

Columbia River chinook,

fancy
Puget Sound sockeye
Alaska red
Alaska king
Alaska pink
Alaska chum
Medium red and coho

Tails.

$1.65
l.fiO

1.15
.SO

1.65
1.60

1. 05
1.15
1.05
1.00
.70
.70

1.65
1.35
1.15
1.10
1.05
.60
.57^

1.75
1.65
1.35
1.35
.SO

.77^

1.25

1911.

Columbia River chinook
fancy

Puget Sound sockeye
Alaska red
Alaska medium red
Alaska king
Pink
Chum

1912.

Chinook
Sockeye
Alaska red
Alaska medium red
Alaska king
Pink
Chum

1913.

Chinook
Sockeye
Alaska red
Alaska medium red
Alaska king

Flats.

1.95
1.95
1. 60
1.45
l.SO
1.00
.95

1.95
1.95
1.40
1.15
1.40
.65
.62i

1.95
1.50
1.15
.S5

1.00

$1.75
1.75

1.75
1.75

Halves.

1.75
1.50
1.35

1.90
l.SO

$1.05
1.10

1.05
1.05

1.05
1.00
.85

1.10
1.10

1.50
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BRITISH COLUMBIA OPENING PRICES.

The packers of British Columbia and the United wStates hoth sell

a coiisi(lcral)lc portion of their hiojh-grade salmon abroad, and the
competition thus eiio;endered compels a fairly close conformity in

prices. On salmon sold in the domestic markets, however, the
competition is not so keen; hence there is room for a considerable
diversity of opinion as to values. Unlike the United States, there
is a very small market in Canada for chum salmon, and it has only
been in recent years that opening prices have been fixed on this

grade.
British Columbia Openino Prices Since 1902.<»

(Prices are for full cases.]

Year and species.
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PICKLING INDUSTRY.

The salmon-pickling industry was so overshadowed by its giant

brother, the canning industry, that statistical data, except for Alaska,
were found in extremely fragmentary shape, and only that portion
is shown relating to Alaska from the time of annexation to and
including 1919.

Pack op Salted Salmon in Alaska, 1868 to 1919.

Year.
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Alaska Picki.ep-Ralmon Pack, 1906 to 1918, by Species, Quantity," and Value.

Species.
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Alaska Pickled-Salmon Pack, 1906 to 1918, by Species, Quantity, and Valtje-
Continued.

Species.



PACIFIC SALMON FISHERIES. 183

Tierces of Mild-Cured Salmon Packed on Pacific Coast from 1897 Tol919.a

Year.
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of exports and imports to foreign countries, but the trade witt the
other possessions has been eliminated from these tables and shown
separately ever since their annexation to the United States.

HAWAII.

The islands constituting this Territory, owing to their reciprocity
treaty with this country for a number of years before annexation,
purchased their supplies of salmon from the United States almost
exclusively. In recent years the Territory has imported the following
quantities of salmon from the mainland:

Year ending
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ALASKA.

It seems like "carrying coals to Newcastle" to ship canned salmon
to Alaska, from which Territory more than half the canned salmon
of the world is produced, and yet a small business is done each year
in this line, most of the product going to the mining camps and towns
somewhat removed from the fishing sections.

The table below shows the shipments of such fish in recent years.

After 1914 the shipments were lumped together with all other kinds
of fish and thus prevented the listing of salmon separately.

Year ending
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is not much difficulty in tliis respect, especially since our only compet-
itors are Canada, Siberia, and Japan. The two last named have not
yet become important factors in the canned-salmon market, though
they will as their fishing operations are extended. There is more
competition in the pickled, fresh, and frozen markets, several Euro-
pean and Asiatic countries being large producers of these goods, as
is Canada also, for a considerable proportion of which she is com-
pelled to find an outside market.
The World War greatly disturbed the usual course of our foreign

trade. Because of the need for foodstuffs a tremendous demand
arose in Europe for our salmon, resulting in a decided increase in

the quantities shipped there and, for a while, in a reduction of our
exports in other directions. In time, however, the markets adjusted
themselves to the changed conditions of trade.

EXPORTS OF DOMESTIC CANNED SALMON.

From the beginning of the industry a considerable proportion of the
salmon canned has been exported, especiall}^ of the higher grades.
In Europe the chief customer is Great Britain, followed closely in the
closing years of the war by Italy. Great Britain does not, how-
ever, consume this quantity, for a considerable part of her importa-
tions are reexported. On the North American Continent and adja-
cent islands the best customers are Mexico, Cuba, Panama, and the
British West Indies, in the order named. The heavy shipments to

Canada since 1916 are mainly in transit shipments to Europe by
Canadian steamship lines as our lines were overburdened with war
shipments. In South America, Chile, Peru, Argentina, and Ecuador
were the leading markets in 1918. In Asia, Hongkong and China
import canned salmon, although neither buys great quantities. The
islands of the Pacific and Indian Oceans are large consumers. British
Australasia took 7,811,387 pounds, valued at $1,407,561 in 1918, and
other good customers were the British East Indies and British,

French, and German Oceania. In Africa the British and Portuguese
possessions are the largest importers.
The movements of these products are naturally often influenced

favorably or adversely as the tariffs of the various countries in which
they are marketed are raised or lowered.
Some countries maintain excessively high tariflfs, among these being

Brazil, 30 cents per pound; Colombia, 8h cents; Mexico, 4 cents;
Guatemala, &h cents; Paraguay, 7 cents; Uruguay, 6 cents; Austria-
Hungary, 8 cents, and Germany, 7 cents. Norway levies 6 cents a

pound duty, but this is undoubtedly to protect her own salmon
industry.

In but few of the tariff acts is canned salmon distinguished by name,
being usually classed as "preserved fish," and as these are usually
luxuries in many countries they bear an extra high duty as a result.

In addition to these high duties in some countries, especially hi

South America, there are various other charges, fees, etc., which
materially enhance the value of the goods before they reach the
consumer. C. H. Clarke, of the salmon brokerage firm of Kelley-
Clarko Co., of Seattle, Wash., pn^pared and published a statement "

a Pacific Fisherman, Vol. 13, No. 5, p. 11, 1915.
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slumping the comparative charges on 100 cases each of red Alaska and
pink canned salmon from the time they leave S<'atlle up to the time
they reach the hands of wholesalers in South America. This shows
that the f . o. h. Seattle value of the red salmon was $500 and of the
pink salmon $'280. By the time these gootls reached the hands of the
Kio de Janeiro wholesalers th<' red salmon were worth $1,900.07, while
the pink salmon were worth $1,677.87. At Montevideo, Uruguay,
the red salmon were worth $l,4o6.0l and the pink salmon $1,213.81.
The tahle is so interesting and instructive that it is reproduced entire
herewith.

Comparative Charges on 100 Cases Each of Red Alaska and Pink Canned
Salmon from Seattle, Wash., to Hands of Wholesalers in South America.

Argentina
(Buenos .\ires).

Red. Pink.

Brazi)
(Rio de Janeiro).

Red. Pink.

Chile
(Valparaiso).

Red. Pink.

Ecuador
(Guayaquil)

Red. Pink,

F. o. b. Seattle value
Strapping ,

Freight
.

'.

Marine insurance, 5 per cent
f. p. a

C.i.f. value
Consular fees in United States.
Customs duty
Analysis
Storage in customhouse
Handling in customhouse
Stamixs and entry blanks
Statistics

Internal-revenue ta.x

Port tax
Customs brokerage
Wharfage, lighterage, cartage...
V'alue e.x customhouse

$500. 00
5. CO

104.75

6.10
615.85
2.00

.519. 56
2.12
2.41
7.24
1.49

«2S0. 00
5.00

104. 75

3.90
393.65

2.00
519. 56
2.12
2.41
7.24
1.49

$500. 00
5.00

114.50

6.20
625. 70
3.25

1,138.78
0.47

33.90

S280. no
5.00

114. 50

4.00
4C3.50

3. 25
1,138.78

6.47
33.90

$500.00
I
$280.00

45.00

5.50
550, .50

5.25
160. 46

45.00

3.25
328. 25

4.25
160. 46

45.00 45.00

5.50 3.25
550. .50 328.25
22.35

I
14.00

345.37
j

234.37

5.35
2.51
1.43

5.35
2.51
1.43

12.74
7.64

1,171.05

.10

7.77
57.20

12.74
7.64

948.85

.10

7.77
57.20

26.90
1,900.07

26.90
1,677.87

7.15
3.65

736.30

7.15
3.65

513.05
19.30

937. 52
19.30

706. 92

Paraguay
(Asuncion).

Red. Pink.

Peru
(Callao).

Red. Pink.

Uruguay
(Montevideo).

Red. Pink.

Venezuela
(La Guayra).

Red. Pink.

F. o. b. Seattle value
Strapping
Freight
Marine insurance, 5 per cent

f. p. a
C. i. f. value
Consular fees in United States..

Customs duty
Analysis
Storage in cu.stomhouse
Handling in customhouse
Stamps and entry blanks
Statistics
Internal-revenue tax
Port tax
Customs brokerage
Wharfage, lighterage, cartage...
Value ex customhouse

$500.00
5.00

134. 75

9.60
649.35

2.00
308. 25

$280. 00
5.00

134.75

6.30
426. 05
2.00

308. 25

$500.00 $280.00

37.50

5.40
542.90
5.75

275.86

37.50

3.20
320. 70
3.45

275.86

$500. 00
5.00

104.75

6.10
615.85

1.05
779. 30

$280.00
5.00

104.75

3.90
393.65

1.05
779. 30

$500.00
5.00
54.60

5.60
565. 20
12.,S5

238. 96

$280. 00
5.00
54.60

3.40
343.00
12.85

238.06

.37

16.15
1.55

16.15
1.55 .97

6. 33
966. 30

6.33
743.00

4.86
15. 69

845.64

4.86
15. 69

621. 14

15.50
6.61

1,436.01

15.50
6.61

1,213.81

5.00
12. 82

836.18

2.80
12.82

611.40

The following table shows in summarized form the yearly exports
of domestic canned salmon and the countries to which exported for
the years 1900 to 1915, inclusive, and in detailed form for the years
1916 to 1918, inclusive;
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Exports, by Countries Receiving, op Domestic Canned Salmon.

SUMMARY, 1900-1915.0

Ciountry
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Exports, by Countries Receiving, ok Domestic Canned Salmon—Continued.

DETAILS, 1916 TO 191S.n

Country receiving.

EUKOPE.

Belgium
Denmark
France
Gibraltar
Greece
Iceland, and Faroe Islands.
Italy
Malia, (;o7o, etc
Netherlands
Norway
Portugal
Russia in Europe
Serbia and Monten gro
Spain
Sweden
United Kingdom:

England
Scotland
Ireland

NORTH AMERICA.

Bermuda
British Honduras
Canada
Central American States;

Costa Bica
Guatemala
Honduras
Nicaragua
Panama
Salvador

Mexico
Mlquelon, Langley, etc
Newfoimdland and Labrador.
West Indies:

British-
Barbados
Jamaica
Trinidad and Tobago.
Other British

Cuba
Danish
Dutch '.'..'.'.'.'.

French
Haiti ";

Santo Domingo

Pounds.

366,948
,447,022

70, 560

136
34,1S4

9, 120

21, 868
41, 280

20

170

4,995
60, 122

039, 707

067, 590

SOUTH AMERICA.

89, 599
32,021

7,994,185

118,002
58, 528
37,695
36,644

633, 615
21,104

1,611,929
957
700

60, 361

228,973
267, 548

75, 578
927,129
11,582

21, 599

4,772
3,586

85,722

Argentina.

.

Bolivia
Brazil
Chile
Colombia.

.

Ecuador...
Guiana

—

British.

Dutch..
French.

Peru
Uruguay
Venezuela.

.

Aden.
Qiiiia.
China, leased territory:

Japanese
Chosen "

Value.

?29, 255
377, 597

6,059
16

3,170
702

2,865
4,383

2

17
382

6,666

11,105,506
111,381

8,741
3,228

677, 655

8,878
4,084
3,651
3,064
57,042
1,826

132, 406
100

37

5,767
19,017
26, 060
7, 097

87,479

1,063
2,122

477

361

7,048

1917

Pounds.

1, 115, 792
89,405

985, 582

190, 736
2,820

4, 169, 250

5, 520
20, 450
54,440

60
240

37, 481

14,100

74,941,169
1,131,832

273

40,

,812,
13ti,

245,

184,

87,

20,

523,

23,
195

,900

,579
732

, 537
254
149

654
398
12S
580
464
618

27,716

96
1,632

23
1

3,

192,

11,

16,

18,

8,

2,

36,

1,

16.

2,817

16
172

93, 523
30,057

9,158,079

95, 435

45, 484

26, 168

50, 719

454,064
18,368

3, 707, 225
3,026
2,640

73,610
180,965
134, Si2
103,004

1,619,236
34, 598
24,673

4, 770
4,297

231, 413

191,618
122,092
ti4,t;,57

1,452,155
126,861
276,654

196, 261

39,050
17,909

434,329
5,258

297, 125

Value.

$8, 546

9, 650

153,927

42,017

192

2,520

14,486
297

436,576
525

2, 709

6, 164

7

18

1918

Pounds.

18,000

7,937,490
1,156,864

173,400
96

13,540,046

794

3,369
1,800

, 536, 248
139,718

22,066
3,072

838,734

8,065
4,708
3,080
6, 029

50, 79:5

2, 134

342,564
377
286

8,643
18,347
18, 230

12,001
149, 492

4, lUO

2,782
543
486

22,859

19,043
11,724

7, 599
121,019
22, 576
25,302

26, 637

3,888
1,910

37, 447

590
2S, 158

1,315

46,415,026
848,295

900

87,832
25, 178

12,184,077

10,750
19,026
10, 530
33,421

306, 765
6,691

1,800,185
60

97, 722
86,503

372, .20

32,116
1,6:32,073

23,629
8, 370

548
1,793

100, 417

6,177

32
466

T
* ^ro™ Pacific Fisherman Yearbook for 1919, p. 93.

June 30 of the year noted. ' ^

Value.

12,525

1,167,7:J7

167,157
24,935

16
1, 752, 163

7,447,389
129, 652

220

16,028
3,410

1,755,690

1,643
2, 584

1,612
5,115
49,031
1,144

246, 830

18,121
14,170
61,443
5, 760

210,167
4,633
1,683

80
349

14, 148

353, 103
211,978
187,615

2,304,499
75,477

215, 456
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Exports, by Countries Rkceiving, of Domestic Canned Salmon—Continued.

DETAILS, 1916 TO 1918—Continued.

Country receiving.

ASIA—continued.

East Indies:

British-
British India
Straits Settlements
Other British

Dutch
French

Hongkong
Japan
Persia
Russia in Asia
Biam

OCEANIA.

British:
Australia and Tasmania...
New Zealand
Other British

French
German
Philippine Islands

AFRICA.

British Africa:
West
South
East

Belgian Congo
Canary Islands
Egypt...
French Africa
Italian Africa
Liberia
Portuguese Africa.
Spanish Africa

Total.

EECAPITULATIOX.

Europe
North .America.
South America.
Asia
Oceania
Africa

1916

Pounds.

1,117,839
1,215,214

166, 144

727,006
4,712

47, 558

1,348
24,960

48
1,392

11,035,294
216,292
30, 878
290,854
448,860

5,640,858

100, 310
620, 555

10,480
105, 800

110

3,624
37, 508
9,700

152,943,962

114,163,722
12,322,259
4,563,993
3, 336, 665
17,659,036

898,298

Value.

$91,767
71,585
12, 787
81,121

615
5,170

141

1,892
4

219

1,204,354
24,684
2,923
29,201
29, 434

356, 366

7,860
56,255

1,07^
9,534

10

366
3,231

911

15, 032, 497

11,648,003
1,056,904

332, 024
268,306

1,646,962
80,298

Pounds.

601,935
106,896
101,286
374,832

6,816
74, 585
2,604
9,600

2,880

6,990,835
96,912
141, 735
248,415
357,386

4,202,574

613, 545

1,421,021
25,608
1,750
7,200

2,250

2,810
13S, 580
138, 580

117,962,807

82, 758, 877

16, 196, 177

3,314,969
1, 326, 163

12, 037, 857
2,328,764

Value.

$62,264
9,0S1

10, 355
42,693
1,340

9, .570

340
800

533

865,865
10,332
14,749
32,643
37,172

351, 633

62,925
157,853
2,543

331
432

235

258
13,291
13, 291

Pounds.

1,349,057
232, 755
41,818
405,326

240
86,203
4,590

6,048

7,397,009
240,240
174,138
186, 574

285, 605
5,558,796

480, 414

1,293,714
57, 275
2,293

836
261,673
20,268

9,448
52, 298
8,845

12,963,425 1110,060,480

9,390,858
1,565,409

305, 964
142,641

1,312,394
246, 159

70,092,226
16,840,112
4,899,692
2,199,024
13,842,362
2, 187, 064

Value.

$222, 947

34, 468

6,944
66,240

69
14,678

883

1,012

1,337,231
45, 409
24,921
31,160
39,071
618,697

72,960
161, 423
8,938

463
115

42,335
4,255

1,499
7,207
1,175

10,692,246
2,413,649

706, 757

361,322
2,096,439

300,371

In 1918 the practice of publishing customs figures for the calendar
year instead of the fiscal year, as had prevailed previously, was
inaugurated. The following tables show the exports of canned
salmon, by countries, for the calendar years 1918 and 1919;
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Exports, by Countries Receiving, of Canned Salmon, Calkndar Years 1918
AND 1919.

Country receiving.

Auslria-HuiiKary
Azorps. .and Madeira Islands.
Belgium
Denmark
Finland
France
Germany
Gibraltar
Gr
Iceland, and Faroe Islands
Italy
Malta, Gozo, etc
Netherlands
Norway
Portugal
Rumania
Rus.'^ia in Europe
Serbia, Montenegro, and Albania.
Spain

.

Sweden
Switzerland
Turkey in Europe.
United Kingdom:

England
Scotland
Ireland

NORTH AMERICA.

Bermuda
British Honduras
Canada
Central American States:

Costa Rica ,

Guatemala
Honduras
Nicaragua ,

Panama
Salvador ,

Mexico
Miquelon , Langley, etc
Newfoundland and Labrador
West Indies:

British-
Barbados
.Tamaica
Trinidad and Tobago
Other British

Cuba
Dominican Republic
Dutch
French
Haiti
Virgin Islands of United States.

SOITTH AMERICA.

Argentina.

.

Bolivia
Brazil
Chile
Colombia.

.

Ecuador . .

.

Guiana:
British.
Dutch.
French.

Paraguay .

.

Peru
Uruguay . .

.

Venezuela..

1918

Pounds.

18, 072

11, 458, 346

"""273," 546'

19, 654, 988

43, 515, SSO

154, 495
1,320

35,144
8,560

,077,166

5,310
10, 492
3,459

11,.586

172, 206

4,290
347, 384

Aden.
China.

33, 074

77, 002
1.53, 207
10,148

428, 208
50,887
3,206

184

1,036
20,059

255, 950

94, 076
161,529
,316,148
31,816
40,358

38,595
13, 769
5,456

290,337
6,240

129,457

2,400
41,980

Value.

$2,539

1, 270, 675

'44,' 593'

2, 7a5, 844

6,742,494
22, 672

286

6,288
1,181

620, 195

818
1,374
48S

1,866
30, 485

741
54,709

1919

6,305
12, 225
24,923
1,983

60, 432

7,973
701

24
190

4,221

51,4.37

8, 765

21, 625
195, 478
5,493
5,895

7,765
2,380

778

41,262
1,441
19,907

394
8,579

Pounds.

157,396
432

5,179,022
1, 082, 434

68. 000
15, 947, 105

a33, 793
370, S90

2, 722, 0,S6

12,(125

36,92.5,190
1,.S92

231,710
441,776

200

9, 720
19, 500

4S0

79, 4.57

8S,012

12, 1S4

100, 040

66, 524, 438
1, 460, 082
1,459,360

53,429
5S, 194

9, 587, mi

98, 1.55

74, 407

50, 936
125,179
lil.TAH

29, 7S3

4,917,900
3,090

108

65,114
367,119
143, 694

37, 935
1,646,913

238, .502

17, 678
10, 456

6,199
22, 498

403,019
84, 559
31,113

I,.331, 484
275,050
368,939

122,715
6S, 581

36,562
240

1,180,989
47,412

383, 120

2,880
90,2.32

Value.

$33,394
71

970, 698
181,178
13, 010

2, 525, 449
147, 7H;{

85,860
471,.5.55

2,557
4,801,911

262
46,356
87,668

38
1,.538

2,795
96

16, 2,53

17, 1.58

2,414
17, 072

12, 788, 932
219. 951

197, 677

6, 940

9,409
1,467,611

16,049
12, 599
8,693

21,095

25, 441

5,173
7a3, 262

751
21

12,917
51,.5.37

27, 023
7,717

238, 858
36, .503

4, 603
2,422
1,393
4,447

76,0.52

13,087
7,273

214,284
47, 078
55,947

25,974
14,3.36

7,007
55

I8.5,s:59

9, 932
63,321

480
19,088
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Exports, by Countries Receiving, of Canned Salmon, Calendar Years 1918
AND 1919—Continued.

Country receiving.

1918

Pounds. Value.

1919

Pounds. Value.

ASIA—continued.

China, leased territory: Japanese.

.

Ciiosen
East Indies:

British-
British India
Straits Settlements
Other British

Dutch
French

Hongkons
Japan
Russia in Asia
Siam
Turl^ey in Asia

British:
Australia
New Zealand...
Other British .

.

French
German
Philippine Islands

.

OCEANIA.

Abyssinia
Belgian Kongo.
British Africa:

West
South
East

Canary Islands.
Egypt
French Africa.

.

German Africa.
Liberia

Morocco.
Portuguese Africa.
Spanish Africa

Total.

367, 273
111,440
26, son

124,.'i02

240
41,424
25, 968

4,800

1,149,888
26, 592
67, 674
116,535
153, 840

5, 291, 182

192,376
121, 990
34, 260

261, 673

17,136

2,633

2,788

91, 101, 734

SIO

67,256
16, 021

4,495
17, 692

69
7,839
3,259

760

215, 715
4,a35
9,872

19, 203
20,394

579, 410

33,051
18, 255
6,098

42,335
3,572

168
5,274

984, 672
223, 168
61,814
427,298
2,412

116,912
12, 038

192

2,122
20, 504

5, 777, 713

61, 5.33

93, 423
225, 429
80,577

2,371,736

92
14,990

976, 463

1,269,317
5,996

59, 790

939, 895
32,989
50,465
8,218

48
5,688

31, 868
36,266

13,149,307 169, 750, 672

S43
1,246

193, 089
42, 403

13, 402

71, 132

692
22,628
1,940

52
558

3,646

1,293,194
13,919
16,115
42,303
12,966

279,408

18

3,251

172, 258
284,633

1,417
8,025

133,358
7,208
9,332
1,761

8
932

6,839
7,009

28,644,706

The following table shows m summarized form the customs districts

from which canned salmon was exported for the years 1900 to 1915,

inclusive, and in detailed form for the years 1916 to 1919, inclusive.

Up to 1910 about tw^o-thirds of the total exports have gone from the

port of San Francisco, while about one-fifth of the total passed through
the port of Puget Sound, Wash. In 1910 the exports from Puget
Sound exceeded those from San Francisco. In 1918, however, San
Francisco assumed first place once more. The only other port
through which any considerable quantity is shipped is New York
City. It is usual now^ to load the salmon on steamers and sailing

vessels at Sau Francisco and the Puget Sound cities to go direct to

Europe.
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Exports, by Customs Districts, of Canned Salmon.

SUMMARY, 1900 TO 1915.0

Customs district

from which ex-
ported.
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Exports, by Customs Districts, of Canned Salmon—Continued.

DETAILS, 1916 TO 1918.

Customs district from which
exported.

Pounds. Value. Pounds. Value. Pounds. Value.

Georgia
Maine and New Hampshire.
Maryland
Massachusetts
New York
Philadelphia
Porto Rico
Virginia
Florida
Galveston
Mobile
New ' rleans
Sabine
Arizona
Eagle Pass
El Paso
San Antonio
Laredo
Alaska
Hawaii
Oregon
San Francisco
Southern California
Washington
Buffalo
Dakota
Duluth and Superior
Michigan
Montana and Idaho
St. Lawrence
Vermont

Total.

2, 583, 306
517,800

1,314,778
24,257,388

111,578
9,813

2,589,040
4,252
3,211
7,635

1,12.5,031

4, S67
134,358
37, 922
117,715

$274, 432
47,603

130, 701

3, 339, 629
8, 680

578
211,848

350
159
851

109, 238
428

10, 263

3,496
8,876

156, 000
1,186,871
1,884,672
2,447,156

23,993,0.32

2,445,373 I

3,060
5,969,268

9,971
30,096
7,056

8,003,488
8,344

170,372
95, 077
196,331

252, S26

87, 371

78
657, 121

53,221,608
33, 455

60,520,904
850

16, 637

6,319
15

60,257
5,845,811

2,463
5,461,097

107

1,949,086
3,389,969

207,808
283, 727

12,000 1,124

367, .324

3,091,290
137, 328
303, K88

32,390,693
35, 133

30,549,747
5,437

66, 825
171

3, 354, .350

987,925
100

63,530

$37,052
160, 399
16S, 537
279, 184

2, 607, 602
237,540

384
551,269

672
3,467

686
967,410

1,233
15, 005
7,783
15, 878

33, 1.59

267, 489

13, 959
36, 105

3,910,592
3,758

3,034,487
722

5,905
39

427,810
166, 323

28
8,957

152,943,962 15,032,497 117,902,807 12,963,425

3,336
1,208,142

789, 629
49, 034, 077

302, 740
6,106

489, 242
7,262

16, 457, 201

6, 505
1,720,8.39

5,411
97, 046

105, 630
401,610

5,396,783
56, 044

18, 278, 622
30, 009

13, 783, 070
250

2,630
15

1,814,899
1,248

61,990
18

$24
621

149, 080
159, 052

7, 690, 025
40, 431

839
82, 563
1,623

2,124,530
838

223, 676
1,325

12, 228

12,547
47, 445

691,837
8,195

3,153,508
4,327

1,874,726
25
437

1

284, 746

5,9(1
2

110,060,480 16,570,834

In 1918 was inaugurated the practice of publishing customs figures

for calendar years instead of, as previously, for the fiscal year ending
June 30, The followdng tables show the exports of canned salmon by
customs districts for the calendar years 1918 and 1919:

Exports, by Customs Districts, of Canned Salmon, Calendar Years "1918

AND 1919.

Customs district from which exported.

1918

Pounds. Value. Poimds. Value.

Georgia
Maine and New Hampshire
Maryland
Massachusetts
New York
Philadelpliia
Porto Rico
Virginia
Florida
Galveston
Mobile
New Orleans
Sabine
Arizona .-.

.

El Paso
San Antonio #.

Alaska
Hawaii
Oregon

96

1, 70.5, 877
517, 4.56

46, 490, 264
305, 414

1,711
303, 650

15, 169, 801

3, 567, 735
542, 161

3,033
30,063
21,290
46, 914

72
48, 428

$25
24

220, 669
84, 118

7, 500, 562
42,261

394
44, 586

1, 942, 094
482, 945
80, 5S6

833
4,319
2,891
7,373

12

7,052

130, 994

2, 385, 585
331, 296

85, 463, 019

2, 593, 197
7,458

1, 203, 496
171,653

11, 156, 255
1,654,115

10, 060, 979
16, 439

118,946
320, 836
855, 588

1, 594, 476
49, 232
244,600

$27, S31

411,895
58, 267

13, 977, 432
322, 858

1,262
211, 701

20, 673

1, 357, 799
219, 879

1, 613, 503
3,354
17,726
41, 491

116, 612
188, 038
7,718
56,680



PACIFIC SALMON FISHERIES. 105

ExpoRTB, Bv Customs Distkicts, of Cannkd .Salmon, Calendar Years 1918
AND 1911)—Continued.

Customs district from which exported.
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Exports, by Countries Receiving,- of Domestic Pickled, Fresh, etc., Salmon—
Continued.

DETAILS, FISCAL YEARS 1916 TO 1918.

Country receiving. 1917

Denmark
France
Greece
Iceland, and Faroe Islands.

.

Italy
Netherlands
Norway
Spain
Sweden
United Kingdom—England

.

NORTH AMERICA.

Bermuda
British Honduras
Canada
Central American States:

Costa Rica
Guatemala
Honduras
Nicaragua
Panama
Salvador

Mexico
Newfoundland and Labrador.
West Indies:

British-
Barbados
Jamaica
Trinidad and Tobago

.

Other British ,

Cuba
Danish
Dominican Republic
Dutch
French
Haiti

SOUTH AMERICA.

Argentina.

.

Bolivia
Brazil
Chile
Colombia...
Ecuador . .

.

Guiana:
British.

Dutch..
French.

Peru
Uruguay...
Venezuela..

China
China, leased territory—Japanese.
Chosen
East Indies:

British-
British India
Straits Settlements
Other British
Dutch
French

Hongkong
Japan
Russia in Asia

British:
Australia
New Zealand...
Other British..
French

German
Philippine Islands.

$193,124
2

2,898
365

10,951
194, 868

316
145, 613

147,955

688
115

12,872

169
75
149
249

6,364
117

9,909
15

944
3,689

102
1,352
6,563

257
967
574
61

525

111

87

424
735

1,164
263

940
380
407
929
95

102

9

1,735

43
22
243

31,815
81
61

1,285
442
252

833,874

1,844
237

6,418
4,614

134, 676

27,346
155,089

1,002
1

79,676

14
61

112
97

2,973
76

3,388

564
806

1,635
801

2,274
902

1,875
382
65
435

140
129
.537

39
435
45

>58
817
'230

742

779

21,058
23
86

1,039
1,062
1,071
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ExrOKTS, HY COUNTIUES RECEIVING, OF DOMESTIC PiCKLED, FuESH, ETC., SaLMON-
Oontinued.

DETAILS, FISCAL YEARS 1911) TO 1918 -Continued.

Country receiving.
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Exports, by Countries Receiving, of Domestic Pickled, Fresh, etc., Salmon—
Continued.

DOMESTIC PICKLED SALMON, CALENDAR YEARS 1818 AND 1919—Continued.

Country receiving.



PACIFIC SALMON FISHERIES. 199

Exports, by Customs Districts, op Domestic Pickled, Fresh, etc., Salmon,

summary, fiscal years 1900 to 1915.o

Custcms district from which exported. 1900 1001 1004 1006

Atlantic ports
Oul f ports
Mexican border pjrts
Pacific ports
Northern border and Lake ports.

$346,024

1,192
185, 644

1,516

$330,890
5

635
02,698
2,610

$503, 439
143

1,8.57

188,177
819

$767,307
30

1,227
09,018
1,680

$1,103,034
124

1,160
56,167
3,004

$1,767,832
159
997

06,772
6,896

Customs district from which
exported.

1906 1908 1911 1012

Atlantic ports
G III f ports
Mexican border ports
Pacific ports
Northern border and Lake ports.

$1,781,476
14

788
139. 606
5,580

$1,797,411
276
424

73,927
6,705

$1,590,778
7,226

167

44,313
5,560

$1,230,542
49
25

50,834
7,110

$1,479,656
74

202
60,521
2,187

$1,614,699
1,542

18

46,167
10,813

$1,586,319

202
33,190
10,440

Customs district

from which ex-
ported.



200 U. S. BUREAU OF FISHERIES.

Exports, by Customs Disticts, of Domestic Pickled, Fresh, etc., Salmon—
Continued.

DOMESTIC PICKLED SALMON, CALENDAR YEARS 1918 AND 1919.
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IMPORTS OF FRESH SALMON.

For some yoars it was (ho custom of tho camiprios on l^iijjjct Soiuul,

when fish wore scarce on tlie American side and a])iin(hint on the

Canadian side, to import fresh salmon to (ill out the domestic supply
and tho Canadian canneries would do the same when tho conditions

wore reversed. In 1904 the Canadian Government prohihited the

export of fresh sockeye salmon to Pugct Sound for pacl<ing purposes,

and in 1910 an effort was made to have Congress retaliate by enacting
a similar law for this side of the line, but the bill failed of passage.

The tal)lo below shows the yearly imports of fresh salmon from
British Columbia:

Imports of Fresh Salmon from British Columbia, Canada, for a Series of
Years.o

Yiar.
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IMPORTS OF CURED SALMON.

Below are shown the imports into this country of foreign-cured

salmon, the product of the Pacific salmon fisheries, from 1886 to 1909,

inclusive.

Imports op Foreign Pickled Pacific Salmon, 1886 to 1909.o

Year.
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EXPORTS OF CANADIAN CANNED SALMON.

Exports of Canned Salmon prom Canada, 1916-1919.

(Fiscal year ended Mar. 31.)

203

Destination.
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A number of methods have been employed for taking the fish as
they are grouped beloAv the rack and seeking for an opening, but the
most practicable has been found to be by means of drag or haul
seines swept across the area just below the rack. When the pocket
or bunt is brought close to shore the workmen pick out the ripe fish

and turn the others back to remain until they reach this stage. The
ripe fish are placed in pens or live boxes made for this purpose, the
males and females being kept separate. These live boxes are usually
on the under side of a floating platform, and are accessible through
hinged covers set in the plank flooring. Projecting beyond this

platform is usually another, upon which the actual work of stripping
the fish and caring for the pans is performed.
At a few places where the fish are caught before they have reached

the ripe stage, notably Karluk, the fish are placed in a pound or
corral and held until they become ripe. This method is resorted
to only in case of necessity.

The surest sign of ripeness in a female is the separation of the eggs
in the ovaries, but the experienced spawn taker can, from the general
appearance of the fish, usually tell whether she is ripe or not, according
to Bower: "

An interesting experiment was conducted at the Afognak station last season [1910]
to determine the degree of ripeness producing the best quality of eggs. The loss on
the lot taken from females which were dead ripe—eggs flowing very freely—was less

than 1 per cent, while with another lot, where the females were ordinarily ripe upon
testing in the usual manner, the loss was about 5 per cent. This shows the need of

caution in having fish fully ripe before stripping, if the highest degree of efficiency is

to be expected.

TAKING THE EGGS.

As the eggs of the females confined in pens are likely to be injured
within the fish, stripping is usually done every day.
When ready for spawn taking, one man lifts a female from the live

box by means of a small dip net, while another man lifts out a male
in the same manner. They are held suspended in the net until

their violent struggles are over, when it is easy to handle them.
For many years, and even yet at many hatcheries, the method of

taking salmon spawn has been by pressing the eggs out by steady
downward pressure on the belly of the fish. The milt from the male
is obtained in the same way.
Where the force is large and the fish rather small the quickest

way is for one to hold the fish in one hand and press out tne eggs
or milt with the other. When the fish are large, or the working
force is small, a strait-jacket is used. This is a sort of trough made
about the average length of the salmon and hollowed out to fit its

general shape. A permanent cleat is set across the lower end, while
at the upper end is a strip with a buckle. The fish is slid into the
trough, the tail going below the cleat, where it is securely held, and
the head buckled in at the upper end with the strap. In this con-
dition the fish is unable to do any harm by its struggles and the eggs
can be pressed out at leisure.

a Fish Culture in Alaska, by AVard T. Bower. In Alaska Fisheries and Fur Industries in 1911, by
B. W. Evermann. U. S. Bureau of Fisheries Document No. 766, p. 70. Washington, 1912.



U. S. B. F.— Doc. 902.

FIG. 40.—STRIPPING SALMON WITH AID OF STRAIT JACKET.

FIG. 41.—CHEHALIS HATCHERY, WASHINGTON FISH AND GAME COMMISSION,
SHOWING RACKS TO PREVENT SALMON FROM GOING UPSTREAM, AND PEN FOR
HOLDING SPAWNING FISH.
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A moro modern methoci in iiso atmany hatcheries, which has been
well described by Mr. Bower," is as follows:

The Idiirr-followed process of taking Parifir salmon etrgs by hand expression has been
superseded in the last few years by the method of incision, a method discovered and
dc^elopetl by the la,te Cloudsley Rutter in connection wdth his study of the life history
of the salmon of the Sacramento River. This consists simply of makinir a cut in the
abdominal walls from the throat or near the pectoral fins to the vent, tlic fish just
previously havinj; been killed by a blow on the l)ack of the head. When makinu: the
cut the knife is either shielded by a ijuard or is so lield between the thumb and fore-

fintrer as to allow not more than half an inch of the l)la(l(> to project, thus precluding the
possibility of injurin;^ any of the e,i,'i,'s. ImmcMliately following the incLsion the egga
ilow in a mass into the spawning pan beneath. The operator's lingers are inserted
into the abdominal cavity gently to assist in removing any eggs that may be enfolded
in the organs or that may merely adhere to the walls of the cavity. Fertilization is

accomplished in the usual manner.
("are must be exercised not to tear loose from the ovaries any eggs that do not come

freely when the organs are move<l from side to side by the fingers. Eggs thus torn
loose are immature, and if taken it becomes necessary to eliminate them subsef|uently
in the hatchery. It is preferable also to have the fish either in a vertical position or
with the head considerably higher than the tail, that gravity may assist the flow of eggs.

It was at first thought nece.ssary—and the practice still obtains at some stations

—

to bleed the fish either by cutting off the head or tail before making the incision.
Experimentation, howe\er, has conclusively demonstrated that no adxantage results
from this procedure, as the few drops of blood that may occasionally fall into a pan of

eggs result in no harm. The extra labor involved in bleeding may therefore be
dispensed with entirely.

When taken by the method of incision the e.ggs are of greatly improved quality;
there is no straining or rupture of good eggs as is inevitably the result when heavy
hand pressure is exerted: no unripe eggs are torn from the ovaries; and at the same
time there is no waste of good eggs left enfolded in the organs, as is certain to be the
case in stripping by hand. The improvement in (juality is from 5 to 10 per cent and
the saving in labor, too, is of noteworthy consideration.
The taking of Pacific salmon eggs by incision marks so distinct an advance in fish

culture that it is no longer permissible to continue the obsolete method of stripping
by hand.

FERTILIZING THE EGGS. &

In impre.gnating the eggs the main object is to bring the milt and the eggs together
as quickly as possible after they have left the fish. By some persons a little water
is considered desirable to give greater activity to the milt, but if left more than a
minute in the water there is a decided loss of fertilizing power. The eggs do not
suffer so quickly from immersion in water. The absorbing property which they
possess when they first leave the parent fish, and which attracts to themicropyle the
spermatozoa, lasts several minutes, but it is not prudent to leave the eggs in the water
a moment lonerer than is necessary before adding the milt.

The addition of the water is not essential to a good impregnation; in some instances
better results are secured without the use of water and, after all, if the main object
is secured, of bringing tlie milt and the eggs together with the slightest possible delay
after they leave the fish, it makes very little difference whether water is used or not.
The milt retains its fertilizing power several days when kept from air and water, and
impregnation can be effected between fishes widely separated by merely forwarding
the milt properly sealed. At Baird impregnation by the dry method, which has
always been followed there, has resulted in the fertilization of about 90 per cent of the
eggs so treated.

The Russian or dry method of impregnating eggs consists simply in taking both the
eggs and the milt in a moist pan. It may be urged as an objection to this method
that the eggs will be injured by striking against the pan, but it is a fact that although
the same eggs would be destroyed by the concussion a week later, or even 24 hours
later, they do not suffer in the least from it at the moment of extrusion from the fish.

It was at one time considered an important question whether the eggs or milt should
be taken first, but with the dry method it makes no difference, as, either way, both
eggs and milt remain operati^ e long enough for all practical purposes of impregnation.

a Fish Culture in Alaska, bv Ward T. Bower. In Alaska Fisherie.s and Fur Industries in 1911, by
B. W. Evermann. V. S. Rnrcnn of Fishories Document No. 760, pp. SO. SI. Washington, 1912.

b \ Manual of Fish-culture, Ba^ed on the Afpthods of the U. S. Commission of Fish and Fisheries,
revised edition, pp. 10-12. Wa.shington, 1900.
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Various methods of treating the eggs in the pan after impregnation has taken place

ha^'e been tried. Some operators leave the eggs in the pane as first taken with the
milt for two or three minutes and then add water, after which they are left to stand
in the pan until they separate, when they are washed clean, taken to the hatching
liouse, and placed in the troughs. Others pour the contents of the several pans-
eggs, milt, and all—into a large can after the eggs become impregijated, and when the

eggs separate the contents of the can are poured into the hatching troughs, trusting

to the current in the troughs to wash the milt from the eggs. At Baird water is poured
on the eggs a few moments after they become impregnated, after which they are left

perfectly quiet until they separate, which, in water of the temperature of the McCloud
River in September, 52° to 53°, takes about an hour. The pans, in the meanwhile,
are put in a trough filled WT-th river water to keep them from becoming too warm.
After the eggs separate they are carefully washed and are carried in buckets to the

hatching house, where they are measured and placed in the hatching trays.

Mr. Bower'* has the following to say as to the loss by concussion
and the proper method of preventing same:

Coincident with the absorptive period in salmon eggs is an adhesive stage varying
with the temperature from one to two hours, when the eggs are exceedingly sensitive.

This is the so-called period of water hardening. Under no circumstances should the

eggs be handled during this stage, nor should they be subjected to the slightest con-

cussion. Repeated tests have demonstrated conclusively that even
_
allowing

_
the

buckets containing the eggs to stand on the same platform where n^^awning operations

are being carried on results in considerable loss.

To guard against this, the buckets should either stand on the bottom of the stream

or else on a platform in every way independent of and having absolutely no connec-

tion with the main platform. To some this may seem like a small and irrelevant

consideration, but strict observance is certain to reduce the loss by at least 2 or 3 per

cent. During the process of water hardening the buckets should be partly submerged
to properly regulate the temperature.

Due caution must be observed not to move the eggs until water hardening is com-
plete. After a little experience the operator can readily tell, upon carefully inserting

the hand and finding the eggs free and hard and no longer soft and velvety, even
toward the bottom of the bucket, that they may be moved to the hatchery without
fear of loss.

HATCHING APPARATUS AND METHODS.^

The hatching apparatus generally employed on this coast is pretty

much of the same pattern and is described as follows i*^

The hatching apparatus generally employed on the Pacific coast in salmon propaga-

tion consists of a combination of troughs and baskets. The troughs in common use are

the so-called "Williamson troughs," which are 16 feet long, 12 or 16 inches Avide, and
6^ inches deep. The troughs are arranged in pairs, and usually two or three pairs

are placed end to end on different levels. The fall of water in each trough is 1^

inches. The troughs are divided by double partitions of wood or metal into com-
partments just enough longer than the baskets to enable the latter to be raised and
lowered and to be tilted slightly. The essential feature of these troughs is that at

the lower end of each compartment a partition, extending entirely across the trough,

reaches from the bottom almost to the top, and another similar partition at the upper
end of the compartment reaches from the top almost to the bottom of the trough,

each set of partitions being about an inch apart. The water is consequently forced

to flow under the upper partition and over the lower partition, and to do this it must
necessarily ascend through the tray of eggs. The troughs are provided with canvas

covers stretched upon light frames and made sunlight proof by saturation with

asphaltum varnish, and their interiors are thickly coated with asphaltum_.

The egg receptacles are wire trays or baskets about 12 inches wide, 24 inches long,

and deep enough to project an inch or two above the water, which is 5 or 6 inches

deep in the troughs in which they are placed. Into each of these baskets 2 gallons

of salmon eggs, equivalent to about 30,000, are poured at a time. The eggs suffer no

<: Fish Culture in Alaska, by Ward T. Bower. In Alaska Fisheries and Fur Industries in 1911, by
B. W. Evermann. U. S. Bureau of Fisheries Document No. 766, pp. 81, 82. Washington, 1912.

* At some of the Alaska hatcheries quite large baskets, some holding as many as 103,000 red salmon eggs

are used.
c A Manual of Fish-culture, Based on the Methods of the U. S. Commission of Fish and Fisheries,

reTised edition, pp. 12, 13. Washington, 1900.
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injury whatever from being packed together in tliis manner, the water being supplied
in a way that forces it through the eggs, partially supporting and circulating through
them. The meshes are too small to permit the eggs to pass through, although the fry

are able to do so.

The advantages of this apparatus and method are

:

(\) The top of the tray or banket is out of the water and always entirely dry; con-
sequently in handling it the liaiide are kept dry.

(2) By tilting one end of tlu> tray up or down a little or by lifting it entirely and
settlixig it gently back again in its place the bad eggs will be forced to the top; thus a
feather is not required in picking over the eggs and the injuries very often indicted
with it are avoided.

(3) The top of the tray being above water, the eggs can never run over the top nor
escape in any way, which is a great advantage over the shallow form of tray.

(4) There is economy of space; 30,000 to 40,000 eggs can be placed in each basket,
provided a sufhcicnt quantity of water is available. Two troughs 16 feet long and 1

foot wide will by this method carry about 500,000 salmon eggs. The deep trays may
be filled at least half full of eggs, and thus 10 times as many eggs can be hatched in
the same space and wdth the same supply of water as by the old method. A good but
gentle circulation is continually maintained through the eggs.

(5) The deep-tray system is admirablj'- adapted to getting rid of mud that has col-

lected on the eggs, for all sediment accumulating about them can be easily removed
by gently moAing the tray up and down a few times in the water; but if the deposit of

mud on the troughs becomes so excessive as to be unmanageable, a false bottom of

wire cloth or perforated zinc can be placed in the troughs at a suitable distance above
their real bottom, leaAong a space of about 1 or 1^ inches between the wire cloth and
the trough bottom. By this means the mud that comes into the trough A\ill sift down
into the space below the wire cloth entirely out of the way of the fish, the movements
of the fish themselves helping very much to produce this result. Should the accu-
mulation of mud in the space below the false bottom of the trough become too great,

it can easily be sluiced out in various ways.
When quinnat salmon eggs are simply to be matured for shipment, hatching trays

with one-fourth or one-fiftli inch scjuare mesh will answer the purpose, but when the
eggs are to be hatched in them, every alternate strand of wire running lengthwise,
or, better still, every second and third thread, should be left out in order to form an
oblong mesh through which the newly hatched fry, after separating themselves from
the unhatched eggs, can escape from the hatching trays into the trough below.
At Baird eggs kept in water averaging about 54° F. hatch in 35 days. The allowance

of 5 days' difference in the time of hatching for each degree of change in the water
temperature is approximately correct.

For the first few days the eggs of the quinnat salmon are very hardy, and at this
time they should be thoroughly picked over and the dead ones removed as far as
possible before the delicate stage during the formation of the spinal column comes on,
so that during that critical period they may be left in perfect quiet. As soon as the
spinal column and the head show plainly, the eggs are hardy enough to ship, but when
there is time enough it is better to wait a day or two until the eye-spot is distinctly
visible, after which time the egga will stand handling and may be safely shipped if

properly packed.

HANDLING EGGS IN HATCHERY.a

At some of the Bureau's stations where salmon eggs are handled it was the custom
until a few years ago to "bury " the eggs or leave them undisturbed (aside from picking
once the day after spawning) for two or three weeks after i)utting them in the baskets.
The result was that they were in some instances literally buried under and in such a
mass of mud and sediment that many eggs were killed. Discontinuance of the prac-
tice resulted in a very appreciable improvement.
When the water is so turbid as to cause a heavy deposit of sediment, it is better to

go over the eggs occasionally, even through the critical stages of development, or
until the line of the fish is well formed. Of course the eggs must be handled with
utmost caution at all times, but owing to their extreme sensitiveness during the two
or three days following the closing ol the blastopore and until a perceptible curve
shows in the tail, they should be left entirely untouched. It soon becomes easy to
determine the stage of an egg's development by holding it up to the light between' the
thumb and foreimger. In the absence of cautious and skilled operatives and unless
the water is roily for an extended period, it is undoubtedly better to let the eggs

a Fish Culture in Alaska, by Ward T. Bower. In Alaska Fisheries and Fur Industries in 1911. U.S.
Bureau of Fisheries Document No. 766, pp. 81, 82. Washington, 1912.
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remain undisturbed until the curvature of the tail is \a8ible to the unaided eye.
The accumulation of a moderate coating of sediment which readily washes off is not
injurious. In a few instances it has become necessary to handle the eggs during the
tender stage to arrest the spread of fungus, but where the water supply is reasonably
well adapted to fish-cultural purposes such a course is rarely if ever necessary.

REMOVAL OF DEAD EGGS BY THE USE OF SALT SOLUTION.

Among the most noteworthy advances in the fish-cultural methods during the last

few years has been the use of salt as an aid in the removal of dead eggs. The develop-
ment of this process has extended over a period of several years, but it is more during
the last year or so through the efforts of L E. Baldridge, of the Yes Bay station, that it

has reached a higli degree of efficiency.

Compared with the time-honored process of picking by hand, there are marked
advantages in using the salt solution, and chief among these is the great saving of labor.

It is estimated that if the eggs happen to be of not more than mediocre quality it

would take at least 20 pickers to remove as many dead eggs as could two men using the
salt solution. Moreover, the operation is much more thoroughly performed in the
latter process than is possible in picking by hand.
Another advantage of using the solution is that it is possible thoroughly to clean

the eggs. This greatly reduces any loss through contamination and infection resulting
from the decomposition and fungous growths which ine\atably follow the long-con-
tinued presence of dead eggs that in the hand-picking method frequently escape
attention. Even when utmost care is taken to pick out all dead eggs, fungoused
masses will occasionally appear. This condition is rarely observed when the salt

solution has been used, and it undoubtedly means that in the aggregate many eggs
are saved. Still another point in favor of the solution, it is generally believed, is that
it acts as a tonic or stimulant to the good eggs while at the same time as a deterrent to

the growth of fungus. Again, in picking by hand there is apt to be loss by move-
ment of the eggs during delicate stages of development; and the oft-repeated insertion

of egg tweezers, which are bound to touch other eggs, undoubtedly at times results

in injury.

Recent experience has demonstrated that the solution may be applied effectively

to eggs freshly taken as well as those in more advanced stages of development.
The principle of the salt bath is simply that the specific gravity of the good eggs is

greater than that of the bad eggs, hence upon Ijeing placed in the salt solution the
good eggs sink and the bad remain afloat and are easily removed. It is vitally essen-

tial to the success of the undertaking that the solution be of the proper strength, and
it is for this reason that the beginner is apt to become discouraged. If the solution is

too weak all the eggs, both good and bad. will sink, while if it is too strong all will

remain afloat. The margin of the proper density is so narrow that in the operation it

is necessary every few minutes to strengthen the solution by adding more salt or brine,

otherwise the small amount of fresh water which adheres to a basket of eggs as it is

lifted from the hatching trough into the solution will affect unfavorably the results

when treating succeeding l)askets. Experience and careful observation, however,
will soon make it possible for the operator accurately to judge when to add a bit of the
stock solution. It is a convenience, of course, to have a salinometer at hand when
preparing the solution. It is commonly the practice as an aid in preparing the solution

to test it occasionally with a few eggs.

Highly successful results in using the solution with red salmon eggs have been
attained at the Yes Bay station, and a detailed description is accordingly given of the
methods pursued at that place.

The chief item of equipment consists of a water-tight wooden tank 4 feet long, 2^ feet

wide, and 10 inches deep for holding the solution in which the eggs are immersed.
Before each basket is immersed it is necessary that the surface of the solution be
perfectly quiet, for any ripple or current will tend to disturb the buoyant effect of the
solution upon the eggs. Therefore it was found of great convenience last winter to

use a floating frame made of half-inch material 6 inches wide fastened together verti-

cally and at right angles, thus forming open squares about 6 inches either way. After

each basket of eggs is lifted from the salt l)ath this frame is placed in the solution to

stop all motion of the water, being pushed down until it is almost submerged and held
firmly against the side of the tank for a few seconds. Upon being carefully withdrawn
tlie solutiun is quiet and the next basket of eggs may be immersed without further

delay.
Another piece of equii^ment is a feather fan with which gently to push the floating

dead eggs away from over the submerged basket into which the good eggs have settled.

Unless the dead eggs are quickly moved they too will sink. A feather fan made by
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fasfoninp: oajilp foathorp tr> a thin strip S inrhoR long by U inrhoR wiflc Wdrks miioh

more satisfactorily for this purpose than a wing. An ordinary hand scaff net ahoiit

12 by 14 inches in size for removing dead eggs from the tank, a dipper, and a bucket
complete the outfit. Wood and metal surfaces in all ecpiipment should be well

coated with asphaltum or some .similar preparation.

At Yes Bay as soon as five or ten million eggs are far enough advanced to stand light

concussion the basketR are lifted out of the trouglis and the eggs are stirred thoroughly

with the hand, wliich causes nractiially all of the unfertile or empty eggs to turn wliile.

As soon as the line of the lish shows plainly when held ut) to the light and tliero is a

distinct curvature to tlie tail, the eggs are sulTiciently well advanced in development
to stand stirring. After this process tlie l)asket8 are returned to the troughs and aflowed

to remain three <lays, for when first turn(>d the unfertile eggs are al)out as heavy as the

good eggs and consequently would sink if the salt solution were ax)i)licd at once.

On the fourtli day after stirring, everything being in readiness, live or six baskets are

removed from a trough and set on top to drain. After a few moments a basket is grasped

at each end and is hiwered into the tank containing the solution until the litpiid comes
through the eggs. A light sliake is then gi\en to le^•(>l up tlie eggs in the basket.

_
Next,

slowly and very gently, the basket is lowered until the brine comes almost to its rim
and is held perfectly still for a moment. All the eggs in the basket will rise, but soon

the good eggs will begin to sink, and presently, if it is a l)asket of poor eggs, the surface

will l)e completely covered with bad eggs. Now, without tlie slightest jar, the basket is

lowered far enough below the surface to permit an egg to float over the rim. The l)ad

eggs will immediately start toward the edges of the tank. After a few seconds the

l)asket is gently lowered \mtil it rests upon the bottom.
_
The remainingdead eggs are

then brushed away from over the basket by means of quick, short, and light strokes of

the feather fan, long, sweeping strokes are to })e carefully avoided. One end of the

l)asket is then gently raised until it is above the surface of the brine and the basket

is drawn toward the end of the tank and out from under the floating dead eggs. At
the same time the fan is used with the other hand to aid in moving any of these floating

eggs to one side. The fan is then dropped and the lower end of the basket is grasped
and the whole is quickly raised out of the solution. The basket is set at an angle on
the tank for a moment to drain and is then carried to the hatching trough. _ The
attendant lifts out another basket to drain along with tlie four or five others originally

remo\'cd and returns to the tank of brine with the basket that has been draining the

longest.

While this is being done the other operator skims the dead eggs off the surface of the
brine and places the frame described above in the tank for a moment to stop all motion
of the solution. After Ave or six baskets have been treated, any eggs that have settled

to the bottom of the tank are removed, as they absorb and weaken the brine. It is

necessary, as earlier mentioned, to add a little fresh brine after handling each baskc^t.

The eggs should ))e as clean as possible, as the solution will not lie effective when it

contains much sediment. A l-mch liole with plug in one corner of the tank is con-

venient for drawing off any deposit of this character. Should failure occur in treating

a basket of eggs, as, for example, if by sudden jar they are all caused to sink, or if tlie

brin e is too weak or too strong, the basket must be put back in the hatching trougli,

as it will not respond to treatment again the same day.
At Yes Bay last winter a large portion of the 72,000,000 eggs were thoroughly cleaned

up at one handling. Two men ran as many as 10,000,000 eggs through the salt ])ath in

a single day. It is customary on the day after treating the eggs to have them gone over
80 that if any dead eggs remain they may be picked out liy hand. This, however,
req uires very little time, as Init few dead eggs are found. No alarm need >)e felt if the
eggs seem to shrink as a result of the immersion, for they will soon resume their normal
siz e upon being replaced in fresh water.
The use of the salt solution has been extended lately to the handling of lake trout

eggs in Michigan and Minnesota, and there appears to be no reason why it is not equally
well adapted to the eggs of other salmonoids. Certainly its many advantages com-
mend further experimentation in this direction.

The eggs of the salmon hatch very gradually at first, only a small
proportion coming out the first day, hut the numher increases daily

until the climax is reached, when large tmmhcrs of young burst
their shells in a single day. As at this time the vast numher of dis-

carded shells are apt to clog up the guard screens at the outlets of

the troughs, great care and vigilance is necessary to prevent this by
thoroughly cleansing them frequently.

11312°—21 14
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The hatched fish easily slip through the ohlong mesh in the hottom
of the trays into the space below. They should be assisted in doing
this by gently raising and lowernig the tray at intervals, care being
taken not to raise them out of the water.

After they are all hatched out and in the bottom of the troughs,

about the only danger to guard against is that of suffocation. They
frequently crowd together in heaps and dig down under one another
until some of them die for want of running water, which is less than
an inch away from them. The best remedy is to thin them out.

John Pease Babcock, Assistant to the Commissioner of Fisheries

of the Provhice of British Columbia, in 1910 advanced a novel sug-
gestion that freshly fertilized eggs buried immediately under sand and
gravel would produce strong healthy fr}^ at less cost than under exist-

ing hatching methods, and that fry so produced are stronger and
more capable of resisting the attacks of their active enemies. The
interesting account of his experiments is reproduced entire:'*

In writing of the propagation of salmon and trout, some authorities state that con-
siderable loss is occasioned in natural propagation by many of the eggs becoming
embedded in sand and gravel; that all the eggs so eml^edded are lost.

Observation and experiment in the propagation of Pacific salmon and trout for a
considerable period lead me to advance the theory that in natural propagation only
those eggs which become embedded beneath several inches of sand and gravel pro-

duce alevins which live to attain the fry stage; and that those eggs which are not
covered by several inches of sand and gravel are either consumed by active aquatic
enemies or destroyed by vegetable molds, commonly termed "fungus."
My experiments have demonstrated that the burial of freshly fertilized eggs of the

nerka and other Pacific salmon does not smother them; that eggs so treated not only
live but hatch; and that if they are covered to a sufficient depth the alevins produced
survive and possess the instinct and power to work their way gradually to the surface;

that if buried beneath 5 or 6 inches of sand and gravel such eggs will hatch, and the
young mil work their way up through the sand and gravel to the surface, and that by
the time they emerge, have absorbed their sacs and are then exempt from the attacks

of vegetable molds.
Eggs buried under 1 or 2 inches of sand and gravel produce alevins that work their

way up to the surface before the sac is absorbed, and upon reaching the surface are

sulDJectto attack by vegetable molds, and a very large percentage are thus destroyed,

as well as by the more developed forms of aquatic life.

Eggs buried to a depth of 3 inches produce alevins that work their way to the surface

so gradually that by the time they reach the surface their sacs are so nearly absorbed
that many, but not all, resist the effects of fungus. Alevins from eggs buried beneath
less than 4 inches of sand are liable to reach the surface while the sac is so thinly

covered that few, if any, survive the effects of fungous growth.

Tlie spawning beds of Pacific coast streams from California to Alaska (to which my,
observations have been confined), where the salmon spawn in numbers are, during
and after the spawning period, covered with more or less vegetable molds. These
molds are particularly common in the beds of streams where great numbers of salmon
have spawned and died. Every experienced fish culturist knows that most waters

carry great numbers of spores of fungi, and how difficult it is to prevent eggs and
alevins from being attacked and injured by their growth. I believe that in natural

propagation fungous growths destroy more salmon eggs and alexins than all other

causes combined. The vegetable molds of Pacific streams are not active beneath
the surface of the beds of streams. Salmon eggs cast therein, if even thinly covered
with sand, are not injured by them. These molds do not affect the fry that have
nearly or entirely absorbed their sacs, but they are deadly if permitted to attach

themselves to either the eggs or the alevins.

1 Some Experiments in the Burial of Salmon Eggs—Suggesting a New Method of Hatching Salmon and
Trout. By John Pease Babcock. Transactions, American Fisheries Society, 1910, pp. 393-395. Wash-
ington, 1911.

This method has been carried out on a considerable scale by A. Robertson, a Dominion of Canada
hatchery superintendent located on the Fraser River, and the results published in "Hatching Salmon
Fry in Gravel," Pacific Fisherman, Seattle, Wash., Vol. 17, No. 6, June, 1919, p. 38, illus.
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My cxperimentB along tliis line load me to exprosB the opinion that by the burial

of freslily fertilized salmon eggs imder 6 or 7 inches of sand and gravel strong healthy
fry can be produced at less cost than under existing hatching methods, and that fry

so produced are stronger and more capable of resisting the attacks of tlieir active

enemies.
I trust that this short statement of my experiments in the burial of salmon egga

may be deemed of sufficient economic importance to stimulate fish culturists generally
in experimenting along similar lines. Those who do will perhaps experience some
(liniculty at first in the covering of a large number of eggs. Experimenters will find

tiuit after preparing suitable beds of sand and small gravel the eggs can he evenly laid

and held until covered, if the surface of the bed is lirst thickly indented Nnth cells a

little deeper than the eggs. This can be readily accomplished by stamping the bed
with a board covered with projections or pegs of suitable size.

My experiments suggest that in the near future most of the buildings and hatching
apparatus now used in the propagation of salmon and trout will be disjiensed Avdth;

that after the eggs have been expressed and fertilized, instead of being placed in vrire

baskets in hatcheries, they will be buried beneath the sand and gravel of the beds of

natural or prepared streams, and that with the exception of watchmen to protect
them, little or no other labor vnll be required.

FEEDING AND PLANTING THE FRY.

For some time the fry remain at the bottom of the trough, but
W'h(Mi the yolk sac is uearly absorbed they rise from the l^ottom and
be^in sa\ iraming. As a rule the fry arc planted about the time the
joik sac is absorbed, thus obviating the necessity for feeding them.
Some experts advise planting young red salmon when the umbilical
sac is about two-thirds absorbed, which is the time when the fish

begin to swim up freely. With the temperatures prevailing at the
Alaska hatcheries, this means that the fry must be held at least four
or five weeks after hatching.

PACKING EGGS FOR SHIPMENT.

In packing salmon eggs for shipment it is the custom at the Bureau
of Fisheries' hatcheries to use a packing box made of one-half inch
pine, 2 feet square and 1 foot deep.*^

At the bottom is placed a thick layer of moss, then a layer of mosquito netting, then
a layer of eggs, then mosquito netting again, then successive layers of moss, netting,
eggs, netting, and so on to the middle of the box. Here a firm wooden partition is

fastened in and the packing renewed above in the same manner as below. The cover
is then laid on the top, and when two boxes are ready they are placed in a wooden
crate, made large enough to allow a space of 3 inches on all sides of the boxes. This
space is filled with hay to protect the eggs against changes of temperature, and, the
cover being put on the eggs, they are ready to ship. In the middle of the crate an
open space about 4 inches in depth is left, between the two boxes of eggs, for ice.

As soon as the crates arrive at the railway station this space, as well as the top of the
crate is filled in rrith ice. Recent experiments show that salmon eggs can be packed
and safely transported to considerable distances when they are first taken.

REARING SALMON FRY.

For many years it was the custom to plant the fry as soon as they
had absorbed the yolk sac, a period of about 30 days. A few thou-
sands were sometimes raised to the fingerling, yearling, or adult
stage, more as a curiosity than anything else. No particular diffi-

culty \yas experienced in raising these fish, but the expense entailed
in feeding them for a prolonged period, and the impossibility of doing
so unless large ponds were constructed at great expense for the pur-

a A Manual of Fisli-ciiltnrc. Bosed on the Mothods of the United States Commission of Fish and Fish-
eries, revised edition, p. 14. Washington, 1917.
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pose of holding them during the feeding period, prevented the general
adoption of the rearing system.
For some years certain fish cidturists and others had contended that

the planting of fry just after they had absorbed the umbilical sac was
an economic mistake, claiming that at this age they were weak and
comparatively sluggish in their movements, and would fall easy prey
to their numerous fish, bird, and other enemies. The late Robert D.
Hume, who built and operated a hatchery on the lower Rogue River,

also one on the upper Rogue River, which the United States Bureau
of Fisheries operated for some years, was one of the first to take up
the rearing of salmt)n fry on any scale.

In time these objections bore weight, and a few years ago the con-
struction of ponds in which fry could be held and fed until they had
reached a size which would insure them at least an even chance for

their lives was undertaken all along the coast except in British

Columbia, with the result that to-day there is a pona capacity for

about one-half of the total capacity of the various hatcheries.

Most of the nursery ponds have been constructed near the hatch-

eries and usually comprise oblong trenches dug in the earth and walled
with cement and stone.

In Oregon the State authorities found that the best results in pond
rearing were obtained by using creek or natural ponds, which were
made by placing dams across the small streams in the vicinity of the

hatcheries. When first taken from the hatching troughs the fry are

placed in the artificial ponds until the danger from spring freshets in

the small streams is over. They are then transferred to the natural

ponds, where the continual flow of fresh water, and the logs, rocks,

etc., which provide shade and shelter, afford more natural conditions,

and in which the natural food of the fry supplements the artificial

food provided by man.
A big advantage in connection with the use of natural ponds is the

comparatively small expense involved in providing for them as com-
pared with the large expense involved in the construction of cement
ponds.
The young fry show when they are ready to feed by dar ing to one

side or the other when small particles of food are dropped in the water
and float past them. For the first few weeks they should be fed

regularly and as often as six times a day, and the earlier in the day
the feeding begins and the later it continues at night the better.

Two hours after feeding they will be found to be ravenously hungry,

and as they grow much faster for frequent feeding great care should

be taken to see that they are well fed. If not fed sulTiciently they
will bite at one another and cause more or less mortality among
themselves.

FOOD.

In feeding salmon fry almost every conceivable food has been
utilized. By universal consent liver is conceded to be the best food

for the fry, as it can be ground finer than other foods and the blood

which it contains is highly nutritious. At many places, however, it

is impossible to secure liver, while its cost when available is generally

prohibitive.

The food used is generally that most available and which experi-

ence has shown that the fry like and upon which they thrive.
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III Orvjjon " it has been found that the extremely young fry thrived

on a mix Hire of grouiid dritMl salmon and mush (composed of mid-
dlings and other wheat products). Milk curds from noar-hy cream-
eries also proved satisfactory. The older fish are fed on ground
smelt, lampreys, spent salmon, both dried and salted, and olfal from
the canneries, some loose and some packed in 1-gallon cans. An
excellent food is brokcn-up ice-cream cones. This latter food also has
the advantage of not sinking to the ])ottom and thus polluting the

water; and because it floats at the surface the surplus can be lifted

out with a dip net.

SALMON SOLD AFTER STRIPPING.

For many years it was the custom after the eggs had been stripped

from the salmon to cither give the carcasses to the Indians or to bury
them. In 1917, under stress of the great demand for fish caused by
the war, L. H. Darwin, fish and game commissioner of Washington,
after an analysis by chemists had shown that the flesh was whole-
some food, offered for sale, at a low rate, these spawned-out fish.

The offer was accepted by several of the cities of the State, some of

which established municipal markets at which these salmon, as well

as other food products, were offered for sale at prices ruling lower
than those in the commercial markets. It is j)robable that the

economic utilization of these salmon will be permanent, and will

prove a source of considerable profit to the States which sell them.

SALMON HATCHERIES ON THE PACIFIC COAST.

Below is shown a list of the salmon and steelhead-trout hatcheries

operated on the Pacific coast during the year 1919:

U. S. BUKEAU OF FISHERIES.

Alaska:
Afognak.
Ye.s Bay.

California:

Baird.

Battle Creek.
Hornl)rook.
Mill Creek

Oregon

:

Clackamas.
Applegate.
Snake River.
Rogue River.
Upper Clackamaa.

Washington:
Baker Lake.
Birdsview.
Brinnon.
Darrington.
Duckat)U9h.
Illabott Creek.
Quilcene.
Big \Miite Salmon.
Little \\Tiite Salmon.

STATE OF CALIFORNIA.

Sisson.

Brookdale.
Price Creek.
Ukiah.

STATE OF OREGON.

Wallowa River.
McKenzie River.
Salmon River.
Bonneville.
Santiam River (eyeing station).

Klaskanine.
Willamette River (eyeing station).

Eagle Creek.
Snake River (Idaho).
Tillamook.
Ya()uina.
Siuslaw.
Umpqua.
South Coos.

Coquille.

Alsea.

Rogue River.

« Rearing and Feeding Salmon Fry in Oregon.
iiociety, 1914, p. 91-94. Seattle, 1915.

By B. E. Cianton. Transactions, Pacific Fisheries
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STATE OP WASHINGTON.

Chambers Creek.
Chehalis.

Chehalis No. 2.

Chinook.
Dungeness.
Ellwah.
Green River.

Green River No. 2.

Nasel River.
Nisqually.
Nooksack.
Nooksack River, Middle Fork.

Nooksack River, South Fork.

North River.
Pilchuck.
Puyalhip River.

Samish.
Skagit River.
Skokomish.
Skykoniish.
Snohomish.
Stillaguamish.
Kalama.
Lewis River.
Pateros-Methow.
Tahuya (eyeing station).

Wenatchee.
Tilton River.
Wind River.
Humptulips.
Willapa.
Willapa No. 2.

DOMINION OF CANADA.

Granite Creek.
Pemberton.
Harrison Lake.
Stuart Lake.
Skeena River.
Babine Lake.
Rivers Inlet.

Fraser River.
Anderson Lake.
Kennedy Lake.
Cowichan Lake.

PROVINCE OP BRITISH COLUMBIA.

Seton Lake.

BRITISH COLUMBIA PACKERS ASSOCIATION.

Nimpkish Lake.

ALASKA (private HATCHERIES).

Alaska Packers Association:
Fortmann.

Northwestern Fisheries Co.

:

Quadra.
Hetta.

North Pacific Trading & Packing Co.:
Klawak.

GENERAL STATISTICS.

Distribution of fry, etc.—In the next table is shown by years and
species the distribution in Pacific coast waters of fry, fingerlings,

yearhngs, and adults from 1873, when the first hatchery began oper-

ation, to 1919, inclusive. The figures on fingerlings, yearlings, and
adults are not as complete as could be wished, this being due to cer-

tain of the State fish commissions not separating them from the fry

in the published results.

The table shows the enormous total of 7,990,416,264 fry and
275,093,097 fmgerlings, yearlings, and adults as having been deposited
in local waters since the inception of the work on this coast. Of
these nearly one-half were sockeye, or red salmon, followed by chi-

nook, or spring, coho, or silver, dog, steelhead trout, and humpback
salmon in the order named.

This table does not show the large number of eggs, fry, etc., shipped
from the coast hatcheries to other sections of the country and to

various foreign coimtries. These appear in the tables shown under
the various States, Provinces, and Territories.



U. S. B. F.-Doc. 902.

FIG. 43.—UNITED STATES SALMuM HATCHERY, YLS BAY, ALASKA.

FIG. 44,—UNITED STATES SALMON HATCHERY, AFOGNAK, ALASKA.



U. S. B. F.— Doc. 902.

^i^Jm^

FIG. 45.—ALASKA PACKERS ASSOCIATION FORTMANN HATCHERY, NAHA STREAM,
ALASKA; THE LARGEST HATCHERY IN THE WORLD.

FIG. 46.—CHEHALIS HATCHERY, WASHINGTON FISH AND GAME COMMISSION,
SATSOP, WASH.
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Distribution of Salmon in the Pacific Coastal Streams op North America, in
Specified Years.
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Distribution of Salmon in the Pacific Coastal Streams of North America, in

Specified Years—Continued.
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Output of Pacific Coa.st Salmon Hatcherie.s Owned by thr U. S. Bureau of

Fisheries, 1872 to 1919.

Year.

1872. .

.

1873. .

.

1874...
1875. .

.

1876. .

.

1877. .

.

187S. .

.

1879. .

.

1880...

1881...
1882. .

.

1883...
1889 a.

1890...
1891...
1S92. .

.

1893...
1894...
1895. .

.

1896. .

.

1897...
1898. .

.

1899...
190C..,

1901...

1902...
19ai. .

,

1904...

1905. .

.

1906. .

,

1907. .

,

1908. .

.

1909..

1910..
1911..
1912.

.

1913.

.

1914..
1915.

.

1916..
1917..
1918.

.

1919.

-

Chinook, king, or spring.

Eggs.

30,000
400,000
155.000
250,000
065,000
983,000
810,000
2.')O.C0O

800,000
300, 000

Total 967,351.733

3,

2.

3,

2,

3,

7,

3,

2,

18,

30.

32,

7,

11,

19,

16,

75,

96,

115,
"8,

68,

38,

38,

37,

36,

58,

31,

25,

20.

7,

18,

12,

450,000
.5.54.000

688, COO
902,000
530,000
500,000
699,000
798,500
232,590
605,000
618,000
411,000
615,036
446,410
160,177
217,3.54

055, 765
648, 145
.587, 705
520, 550
859,265
306,709
314,514
837,5.50

296,873
032,645
751,005
,622,340
191,200
074,900
782,500

Fry.

K.50, 000
1,750,000
1,500,000
2,000,000
2, 500, 000
2,300,000
2,000,000
3,100,000
3,991,750

776,125
6,000,000
2,860,475
5. 678..525

1,647.900
5,290,100
651,500
500.000

3.547,850
9,828,095
39,950,698
9.366,366

14,2.87,264

7,987,107
29,340,308
23,845,956
35,006,988
21,620,292
20,797,543
17,567,092
24,998,185
20,177,286
15,682,064
16,659,684
31,040,893
33,41j,423
48,,895, 607
53.612.056
57,870,714
16.404,404
6,028,918
389,002

Finger-
lings,

yearlings,
and

adults.

557, 150

250

123,118

2,165,797
16,949

225
211,700

1,405,860

.5,582,796

9,604,985
22,982,655
27,858,026
63,176,244
34,C88,150

Coho, or silver.

Eggs. Fry.

680,800

107,000
239,180
760, COO
296.000
272. OCO
275,000

2,391,900
52,000
202.000
95,840
111.200
198,500

601,720.170 167,775.573 I 5,681.420

280,000
690,000

146,824
302.041
424.,5.SO

81,812
984,645
321,513
445,574
636,9.52

420.714
470, 925
888, 025
210,296
955. 824

952,963
619,456
018,3.55

124,334
403,700
980,300
544,020

162,200,940

Finger-
lings,

yearlings,
and

adults.

560,000

,300

'57,932

27,258
267, 662

1,469.507
4,662,960
10,504,115
1,291,730

18,841,464
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Output of Pacific Coast Salmon Hatcheries Owned by the U. R.

OF Fisheries, 1872 to 1919—Continued.
Bureau
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In 1912 about 10,000 chinook fingerlings from Columbia River eggs

fuinished by the United States Bureau of Fisheries wei-e planted by
the Massachusetts Fish Conunission in Lake Quinsigamond, and
during July, 1914, about 20 months after they were hatched, over

600 salmon, according to a member of the commission, were caught,

ranging from 1^ to 5 pounds each.

Other plants have been made since in Lake Quinsigamond and
other lakes and ponds, with fairly satisfactory results, and the

ultimate outcome of the experiment is awaited with much interest.

The most successful effort in this line was initiated by the United
States Bureau of Fisheries in the fall of 1913, when it transferred

from its hatcheries on the Pacific coast to those in Maine 13,240,000

humpback-salmon eggs. These were followed by a second shipment
of 7,022,000 eggs in the fall of 1914, a third shipment of about
7,000,000 eggs m the fall of 1915, and others each year since. Xh^^^©

eggs were hatched out and the fry planted in various selected New
England streams where the conditions seemed favorable.

Early in August, 1915, a female humpback salmon 22^ inches long
and weighing 4 pounds 3 ounces was taken at the Bangor water-
works in the Penobscot River. Shortly after a male fish of about
the same size was taken in this river atOrlandDam. A little later

agents of the Bureau captured 20 alive near Bangor, and about
3,000 eggs were obtained and fertilized.

In Dennys River, in Maine, duiing the period between August 15

and September 24, local fishermen caught a number. Since then
they have been running regularly each season into certain of these

streams.

The chinook salmon has also been acclimatized in the waters of

New Zealand. They were first introduced in 1900, and eggs were
imported for six years in succession. A considerable annual run
now enters those rivers in which the salmon were planted.

In 1908 the L'nited States Bureau of Fisheries initiated an effort

to establish a run of sockeye salmon in Grandy Creek, a stream in the
immediate vicinity of the Birdsview (Wash.) hatchery of the Bureau,
and one which had not been visited by this species. The first fish,

numbering 64,000, were planted in the creek in 1908. Four years
afterwards, in September, 1912, the first socke3"e salmon entered the
hatchery trap in Grandy Creek, and from them 222,000 eggs were
secured. In 1916 the water in the creek was too low to permit the
ascent of salmon until September 26, when its level was slightly

raised by local rains, and a few fish immediately entered it and were
taken in the hatchery tiap. The eggs secured from the small number
available amoimted to 24,500. The 1920 run is being awaited with
much interest.

In 1916 L. H. Darwin, commissioner of fish and game for the
State of Washington, began an experiment looking to the stocking,

with sockeye salmon, of the Samish River, a stream debouching in

Puget Sound, and in which this species had not hitherto been found.
The parent fish were obtained from traps and transported alive in

crates to the Samish State hatchery, where they were held imtil ripe

and then stripped and fertilized. After hatching, the fry were
planted in the stream. A few returned in 1920.
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CALIFORNIA.

HISTORY.

The first fish-cultural station on the Pacific coast was located on
McCloud River, a stream of the Sierra Nevada Mountains emptying
into Pit River, a tributary to the Sacramento, 323 miles nearly due
north of San Francisco. The site on the west bank of the river,

about 3 miles above the mouth, was chosen after investigation of a
number of places on the Sacramento, by Livingston Stone, one of

America's pioneer fish culturists, and the station was named Baird,

in honor of the then Commissioner of Fisheries, Prof. Spencer F.

Baird. Although the season had nearly passed when the station
was sufficiently advanced to handle eggs, 50,000 eggs were secured,

and while 20,000 were lost, owing to the excessive heat, the remaining
30,000 were shipped east, all of which were eventually lost but 7,000
fry, which were planted in the Susquehanna River, in Pennsylvania.
The main object of the hatchery the first few years was to secure

eggs to ship to the East for the purpose of introducing Pacific salmon
in the waters of that section. The commission early made an agree-

ment with the State of California, however, under which the latter

at first paid part of the expense, and the commission hatched and
planted a portion of the take in the McCloud River. Later, part of

the eggs were turned over to the State, which hatched and planted
the salmon in local waters.

In 1881 the station buildings were washed away in a freshet, but
were immediately rebuilt. From 1884 to 1887, both inclusive, all

operations were suspended.
In 1889 a hatchery was established at Fort Gaston, on the Army

reservation in the Hoopa Indian Reservation in Humboldt County,
but it was not put into operation until 1890. As the reservation

was abolished on July 1, 1892, the commission took complete charge
of the plant, and in 1893 established a tributary station on Redwood
Creek. The same year Korbel station was established about one-
half mile above Korbel, on Mad River, in Humboldt County. Owing
to the lack of money this station was closed in the fiscal year 1896,

but was reopened during the fiscal year 1897.

That same year the commission erected, on ground owned by the

State, a hatchery at Battle Creek, in Tehama County, and also took
charge of and operated the hatchery erected at this place by the

State fish commission the previous year. LTnder the terms of an
agreement the commission was to deliver to the State as many eyed
spawn as the latter could hatch at wSisson, its own station.

Owing to their inaccessibility, the Fort Gaston hatchery and its

substations were abandoned in 1898. The same year an experi-

mental station was established at Olema, Bear Valley, in Marin
County, whence eggs were transferred from Baird station, hatched
out here, and planted in Olema Creek in order to see if they could

not be domesticated here, where they had not been found pre-

viously.

During the fiscal year 1902 a substation was established on MiU
Creek, a stream which has its source in the foothills of the Sierra

Mountains, in the northeastern part of Tehama County, and empties
into the Sacramento River from the east about a mile above the

town of Tehama. The eggs are retained here mitil eyed and then
shipped to other hatcheries.
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As stated n])()vo, tlio State aided tho woi-k of llio United States

Fish Conirnissioii in a (inaiirial way and also by hatching and dis-

tributing the eggs turned over to its care. In 18S5 the vState k^gis-

lature passed a bill authorizing the establislunent of a hatchery of

its own, and the same y(>ar such a station was built uj)on Hat Creek
about 2\ miles al)ove its junction with Pitt River, a tributary of

the Sacramento liiver. As tlie work of the first few seasons devel-

oped that the location was unsuitable, the hatchery M^as removed
in 1888 to Sisson, in Siskiyou County. It is now known as the
Mount Shasta hatchery. The work of this hatchery was to handle
the eggs turned over to it by the United States Fish Commission.
It was almost doubled in size in 1917.

In 1895 another hatchery was built by the State near the mouth
of Battle Creek, a tributary of the Sacramento Kiv(>r. In 1896 and
1897 this hatchery was operated jointly by the State and the United
States Fish Commission while awaiting the a})propriation of money
by the commission to purchase it from the State.

In the fall of 1897 a hatchery was established by the State at

Grizzly Blufi, on Price Creek, a tributary of Eel River, in Humboldt
County, and in 1902 this hatchery made the first plant in the State
of steelhead trout fry. In 1916 it was moved to a point on Eel
River near Fort Seward.

Santa Cruz County has had a hatchery at Brookdale for a number
of years. In 1911 it was hvased to the State and operated by the
latter during the seasons of 1911 and 1912. In 1913 the State gave
up the lease and entered into a contract to purchase the eggs pro-
duced from this hatchery. '^Fhe price agrecnl upon was that the
State commission was to pay $l.o() per thousand for the eyed steel-

head eggs, up to the number of 2,000,000, and $1 per thousand for aU
eggs up to 3,000,000, provided that the eggs were collected and eyed
by a skilled fish culturist and would pass inspection before they were
accepted. In 1916 the State leased the plant for a term of years.
A hatchery was established by the United States Bureau of Fish-

eries at Hornbrook, on Ivlamath River, in 1913. At first this hatch-
ery was devoted to rainbow-trout work, but later the collection and
distribution of silver and chinook salmon was taken up.

During the fall of 1911 the State established an experimental
station at Sacramento in order to carry on a series of experiments to
determine whether the eggs of the quinnat salmon could be success-
fully hatched and the fry reared near the city of Sacramento. Of
the fish hatched at this station 50,000 were marked.
Nearly aU of the fry that were liberated in the Sacramento River

were floated in a screen cage by boat into the middle of the stream
and there released. N. B. Scofield took 500 in a floating box down
the river, where they were held and fed for several weeks in brackish
and salt water. They were apparently not affected by the changes
in the salinity of the water.

Experiments were carried on until the summer of 1913, when
they were abandoned due to the killing of the embryos by the min-
eral substances in the water used at the station.
During the fiscal year 1912 the Mill Creek hatchery of the United

States Bureau of Fisheries was operated by the California Commission.
Some ,vears ago the town of Ukiah, Mendocino County, estab-

lished a hatchery 1 mile from the town, and on Russian River.
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For some years it was operated as a trout station, but eventually
became an important steelhead hatchery. It was not operated in

1913. In 1914 the vState Fish Commission collected steelhead eggs
at the Eel River dam of the Snow Mountain Water & Power Co.,

and having secured permission from the town of Ukiah, hatched
them out in its hatchery.
As the Hornbrook hatchery on lOamath River was on private

property, the United States Bureau of Fisheries in 1915 removed the
buildings from the old location on the south side to property owned
by the Government on the north side of the river.

In 1915 new hatchery buildings were erected at the MiU Creek
hatchery.

OUTPUT.

The following tables show separately the quantity of salmon eggs,

fry, fingerlings, yearlings, and adults distributed by the United
States Bureau of Fisheries and by the State since the inception of

the work. The large quantity of eggs shown by the Bureau represents

largely the eggs supplietl to the State, which hatched and distributed

them, and eggs sent to other States and to foreign countries.

Output of Hatcheries in California Owned by the United States Bureau of
Fisheries.
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Output of Hatcheries in Caufornia Owned by the United States Bureau op
Fisheries—Continued.
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Output op Hatcheries Owned by the State of California.

Year.
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Distribution of SAi,jfON in the Waters op California.
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Distribution of Salmon in the Watkrs op California—Continued.
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Distribution op Salmon m thb Waters op California—Continued.
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OREGON.

HATCHERIES ON COASTAL STREAMS.

Rogue River.—In 1877 R. D. Hume, who had been packing salmon
on this river for some years, erected a hatchery at Ellensburg.
In 1888 the Oregon Legislatm'e appropriated a sum of money for the

enlargement and support of this hatchery, Mr. Hume to retain

complete control. As the location is on tidewater, it is necessary to

catch the parent fish and hold them until they are ready to spawn,
and in oraer to do this Mr. Hume had an excavation 32 by 62 feet

and 1 1 feet deep made in the bank of the river. This was lined with
concrete 1 foot thick, which, when filled with water, made a pond
30 by 60 feet and 10 feet deep. Over the entire pond he constructed a

building which could be closed up so as virtually to exclude the light.

It is supposed that retaining the fish in a dark place aids in keeping
them in good physical condition until ready to spawn. After the

death of Mr. Hume in 1908 this hatchery was taken over and operated

by the State.

In 1897 Mr. Hume built and equipped a hatchery on the upper
Rogue River at the mouth of Elk Creek, about 26 miles from the

town of Central Point, in Jackson County, and, in pursuance of an
understanding with the United States Fish Commission, the latter

operated then and still continues to operate this plant.

In 1900 the Government established an auxiliary station for the
collection of stcelhead trout eggs on Elk Creek, about 10 miles above
the main station. In 1905 a substation was operated at Grants Pass,

while during the fiscal year 1908 and in subsequent years substa-

tions were operated at Findley Eddy, on the Rogue River, Illinois

River, and Applegate Creek, tributaries of the Rogue.
Many of the eggs gathered at the upper Rogue River stations were

shipped to Mr. Plume's hatchery, on the lower river, and there hatched
out and planted.

CoquiUe Rwer.—The State formerly had a hatchery on this river,

but it was abandoned during the winter of 1902-3. In the winter

of 1904-5 a substation was established on one of the tributaries of

the Coquille River, about 6 miles from the South Coos River hatchery,

and was used in hatching eggs brought to it from the latter place.

A station was built on the north fork of the Coquille River in 1910.

Coos River.—A hatchery was built by the State in 1900 on the South
Coos River, about 20 miles from the town of Marshfield.

Umpgua River.—In 1900 the State built a hatchery on the north
fork of the Umpqua River, near the town of Glide and about 24 miles

east of Roseburg. In 1901 a station was established farther up the

north fork, at the mouth of Steamboat Creek. After working here
two years the station was moved a couple of miles farther up the

stream. In 1907 work was resumed again at the original station near
Glide, as winter freshets had seriously damaged the upper station.

A permanent station was built in 1910.

Siuslaw River.—In 1893 the State erected a hatchery on Knowles
Creek, a tributary of the Siuslaw River, about 20 miles above the

mouth of the river. It was turned over to the United States Fish
Commission to operate, but no fish came up to the hatchery because

the fishermen lower do"SMi stretched their nets entirely across the river.
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In 1897 and 1898 the United States Fish Commission oporatod a
hatchery owned by a Mr. McGuire and located close to Mapkiton,
about 2 miles below the head of tidewater.

In 1902 the State established an experimental station at th(> Bailey
.place, near Meadow post olTico. In 1907 a permanent station was
established b}- the State on Land Creek fork of the Siuslaw liiv<'r.

Alsca Riv(r.—In 1902 the State established a station on tlu^ Willis

Vidito place, near the town of Alsea. In 1907 an experimental
station was established on this river at the mouth of Rock Creek,
about 14 miles above the head of tidewater. In 1910 an experi-
mental station was established between Alsea and tidewater.

Yaqiiina Rivtr.—In 1902 the State established a hatching station
on the Big Elk River, a tributary of Ya(iui-na River, about 3 miles
above its confluence with the main river. This station was made
permanent the next year.

TUld/nool: Bay.—In 1902 the State established a station on Wilson
River, a tributary of Tillamook Bay, and about 8 miles above tide-

water. In 1906 the station was removed to the Trask River, a
tributary of Tillamook Bay.

DISTRIBUTION.

The following table shows the distribution of fry and fingerlings

in the coastal streams of the State by the Government and the State:

Distribution op Salmon in the Coastal Streams of Oregon.

Year
ending
June
30-
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Distribution op Salmon in the Coastal Streams of Oregon—^Continued.

Year ending
June 30—
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Distribution op Salmon in the Coastal Streams op Oregon—Continued.
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Output of Hatcheries in Oregon Owned by the U.S. Bureau of Fisheries—
Continued.

Year ending June 30—

1889.

1890.
1891.

1892.

1893.

1894.

Steelhead trout.

Eggs. Fry.
Flngerlings,
yearlings,
and adults.

Total.

Eggs.

1,000,000
700,000

Fry.

4,500,000
2,776,475
4,901,525
1,332,400
4,100,000

213,000
1895
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OUTPUT OP Hatcheries Owned by the State op Oregon—Continued.

Year.
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In 1889 the State established a hatchery in the cannery of F. M.
Warren, at Warrenclale, in Multnomah County, on the Columbia
River, which was operated in that year and in 1890.

In 1895 some of the Oregon salmon packei-s combined and organ-
ized the Columbia River Packers' Propagating Co., which estab-
lished a hatchery on the upper Clackamas River at the junction of

the Warm Springs and the Clackamas and operated it in 1895 and
1896. The Government operated it in 1897 and 1898, after which
it was turned over to the State and moved to the opposite side of

the river.

In 1898 the collection of steelhead-trout eggs was first undertaken
on the northwest coast by the State of Oregon on Salmon River, a
tributary of the Columbia River, and met with fair success. In
March, 1899, the Government sent a party to the falls of the Willam-
ette River, near Oregon City, to collect steelhead eggs, and also

operated for this purpose at its substation on the Salmon River, but
the latter effort met with failure, as the rack was washed away.
This station was turned over to the State on June 15, 1899.

In 1901 the State of Oregon did some experimental work at Swan
Falls, on Snake River, the boundary for a considerable distance
between Oregon and Idaho. During the winter and early spring of

1902 the State also worked Tucannon River, which is a trilmtary of

Snake River, for steelhead, but met with poor success. Snake
River was worked a^ain in 1902 at the foot of Morton Island, which
is situated 2 miles above Ontario, in Malheur County. Title to the
necessary property was secured from the War Department in 1903
and permanent buildings were erected. It was closed for some years
and finally abandoned in 1911.

In 1901 the State of Oregon established an experimental hatchery
in Wallowa County, on the Grande Ronde River, at the mouth of a

smaU tributary called the Wonaha River, whicli enters the main
stream about 50 miles from its mouth. A permanent station was
established in the canyon about 1^ miles below the Wallowa bridge
on the Wallowa River, a tributary of the Grande Ronde River, in

1903.
In 1902 the State of Ore^n erected a permanent plant on Salmon

River at its junction with Boulder Creek. This plant was closed in

1911.

In the same year the State established an experimental station on
the McKenzie River, a tributary of the Willamette River, about one-
half mile above Vida post office. This experimental work was
resumed in 1905 at a point 2 miles below Gate Creek. The hatchery
was permanently established at a spot about 30 miles from Eugene
and near the town of Leaburg a 3^ear or two later.

In 1903 a hatchery was built by the State of Oregon on the Snake
River near the town of Ontario, in eastern Oregon.

In 1906 an experimental station was established by the State on
Breitenbush Creek, a short distance above its junction with the
Santiam River, a tributary of the Willamette River, but the plant
was destroyed, very shortly after its establishment, by a forest fire.

An experimental station was reestablished here in 1909, but a heavy
freshet raised the river so high that the penned fish escaped around
the rack.
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Tn 1909 the State of Oregon built at Bonneville, on Tanner Creek,

a trihiitary of the Columl)ia River, a large central hatch(uy capable
of handhng 60,00(),()00 eggs, it being the intention of the State to

hatch at tliis plant the eggs collected at other stations.

In the sanK^ year a temporary hatchery was located on the Santiam
River by the State of Oregon.

During 1910 the State of Oregon received l,r)00,000 red salmon
eggs from the Yes Bay (Alaska) hatchery of the United vStates Bureau
of Fisheries, and yearly since they have received a consignment from
the same source, as will be noted in the statistical tal)les. These were
hatched out in the Bonneville hatchery and planted in the Columbia
River.

The State of Oregon built a hatchery on the Klaskanine River, a

tril)utary of Youngs River, near Olney, in Clatsop County, in 1911.

In the same year an eyeing station for spring chinooks was opened by
the State on the Willamette River, near Lowell.

The first entrance of Washington (then a Territory) into fish-

cultural operations was in 1S79, when the State fish commissioner
paid the On^gon Sc Wasliington Fish Propagating (\)., which was
operating the hatchery oji the Clackamas River, 12,000 for salmon
fry deposited in that river. In 1893 the State legislature estab-

lished a hatchery fund which was to be supplied by licenses from
certain Unes of the fishery business. In 1895 its first hatchery in

the Columbia River Basin was built on the Kalama River, about 4

miles distant from its junction with the Columbia, and in Cowlitz

County. Shortly after this hatchery was built it was discovered

that it was above where the salmon spawned, and a second hatchery
was built 1^ miles ])elow the first named, as the nigged mountainous
character of the countiy made transportation between the two sites

difTicult. Of recent years a road has been constiiicted along the

river bank, and it is probable that the upper buildings will be aban-
doned entirely.

Another station for the collection and eyeing of eggs was estab-

lished on the Chinook River, a small stream which empties into Baker
Bay near the mouth of the Cohimbia.
During the fiscal year 1897 the United States Fish Commission

established a station on Little W^hite Salmon River, a stream which
empties into the Columbia, on the Washington side, a])out 14 miles
above the Cascades. During the fiscal year 1901 an auxiliary station

was operated on Big White Salmon River, while fishing Vv'as carried

on in Eagle and Tanner Creeks, in Oregon, the eggs o])tained from
these creeks being brought to the Little White Salmon hatchery.

In 1899 the State of Washington built and operated hatcheries

on the Wenatchee River, a tri1)utary of the Columbia River, about
1% miles from Chiwaukum vStation on the Great Northern Railway,
and on Wind River, a tributary of the Columbia, about 1 mile from
the junction.

In 1900 Washington State hatcheries were estal)lished in the
Columbia River Basin as follows: White River hatchery, which was
built on Coos Creek, which empties into a tributary of the White
River, the location being about 2\ miles from where the Green
River joins the White River; Methow River hatchery, built on the

Methow River at the point where it is joined by the Twisp, about
22 miles from the Columbia River; Colville River hatchery, built
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on the north bank of Colville River, about Ih miles from its mouth,
and about 1 mile from Kettle Falls; Klickitat River hatchery,
located on the east bank of the Klickitat River, about 6 miles from
its mouth; and one on the Little Spokane River, about 10 miles from
its mouth and about 9 miles north of the city of Spokane. The
Klickitat River hatchery never was operated, while most of the
others were operated intermittently.

In 1906 a hatchery was established by the State of Washington
on the Lewis River, some distance above the town of Woodland. In
1919 this hatchery was operated by the United States Bureau of

Fisheries.

In 1909 the State of Washington established a hatchery near
Pateros, on the Methow River, a tributary of the Columbia River,
and on the Tilton.

In 1915 Clarke County, Wash., built a hatchery on the east side of

Cold Creek, about 2 miles from the town of Vancouver.
A temporary station was established by the State of Washington

on Wenatchee Lake, near Leavenworth, in 1915.

The following table shows the plants of salmon and steelhead
trout in the Columbia River and its tributaries by the Bureau of

Fisheries and the States of Oregon and Washington:

Plants of Salmon in the Columbia River and Tributaries Since 1877.
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Plants of Salmon in the Columbia River and TRinuTAuiEs Since 1877—Contd.
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eggs from the Satsop River, a tributary of the Chehalis, it has been
possible to fill the hatchery each season.

In 1909 the site where eggs had been gathered on the Satsop River
was purchased, and a new hatchery was erected there. It has three

concrete rearing ponds and is fully equipped for the taking of spawn
and the hatching out and caring for 5,000,000 fry. This plant was
first operated in the fall of 1909.

Work was begun in September, 1914, by the United States Bureau
of Fisheries on a liatching station on Lake Quinault, Wash., and a take
of eggs was made the same year.

In lieu of installing fishways in their dams in the Humptulips
River and tributaries, in the Grays Harbor section, two timber firms

agreed to furnish the money needed to build a hatchery on Stevens
Creek, west of Humptulips, and the same was constructed and put
into operation in October of 1914. The plant is now the property of

the State,

In 1917 a hatchery was built by the State on Chehalis River near
Dryad, with money contributed by two lumber companies in lieu of

building fishway over a dam.
Puget Sound and trihufaries.—In 1896 the State established a hatch-

ery on Baker Lake, which is the head of Baker River, a tributary of

the Skagit River, and this was the first establishment for the hatch-
ing of sockeye salmon. In July, 1899, it was sold to the United States

Fish Commission. In 1901 steelhead trout eggs were collected on
Phinney Creek, about 5 miles from the town of Birdsvicw, and some
30 miles from Baker Lake. In 1901 an auxiliary station was opened
at Birdsview, on Skagit River, and steelhead trout eggs were col-

lected on Phinney and Grandy Creeks and brought to Baker Lake to

be hatched.
In 1898 a private hatchery (the necessary money being raised by

subscri])tion among the residents of Fairhaven, noAV Bellingham, and
vicinity) was built near Lake Samish, a few miles from Fairhaven.

In 1899 a hatchery was built by the State on Kendall Creek, a

tributary of the Nooksack River, about 300 yards from same, and
about 2 miles from the railway station of Kendall. Except in 1903,

this hatchery has since been operated continuously. An eyeing sta-

tion was built in l'J07 on the south fork of the Nooksack River, about
1 mile from Acme. This hatchery is now used as a reserve station.

In the same year the State built a hatchery on the Skokomish
River, about 4 miles from its mouth. An eyeing station was also

erected on the north fork of the same river. The main station was
not operated hi 1904 and onlv on a small scale in 1903 and 1905.

The State in 1889 built a hatchery on Friday Creek, a tributary

of the Samish River, situated about 1 mile from the moutli of the

creek.

The following State hatcheries were first operated in 1900: Snoho-
mish hatchery, built on the west bank of Skykomish River, a few
miles from its mouth; Nisqually River hatchery, built on Muck Creek,

about one-half mile fron the Nisqually River, and about 4 miles

from the town of Roy, in Pierce County; and the Stillaguamish hatch-

ery, located on the Stillaguamish River, about 4 miles from the town
of Arlington, in Snohomish County. The latter has since been
moved to Jim Creek, a tributary of the south branch of the Stilla-

guamish River. It is merely used as an eyeing station now.
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The Startup hatchery, loratcnl iioar Startup, on the Skykomish
River, was formerly useci as a eolleeting station for the Snohomish
hateliery. It is still used for this purpose, but also retains and
hatches a considerable' quantity of spawn. The station is about 4

miles from the Snohomish hatchery. In 1918 it was rebuilt and now
bears the name of Skykomish hatchery

In 1900 the State established a fisheries experimental station at

Keyport Landing:, on the east arm of Port Orchard Bay, with Pearson
as the nearest post ofhce. The work of the station was devoted to

salmon and oysters mitil i1 was al)andoned a few years later.

The State established a hatchery on the Dunj^jeness River, about 7

miles from the town of Dunfjeness, in (Malhim County, in 1901. In

190() it constructeil a hatchery on a small tributary of the Skagit

River, l^etween Hamilton and Lyman. This was destroyed in 1917

by flooils. The station built on Sauk River, a tril)utary of the Skagit,

has l)eeii operated oidy occasionally since the Skagit hatchery was
built.

The White River hatchery was constructed on Suice C^eek, a trib-

utary^ of Green River, some years ago. Diu-ing the summer of 1909
a new hatchery was built at this station, the okl one being too small

to accommodate the amount of spawn that could be taken. The new
hatchery is located on the east side of Suice Creek near the county
road. The building contains 140 hatching troughs. The plant has
a pond system, wIktc the fry are kept and fed until they are able to

shift for themselves.

During the summer of 1911 the city of Tacoma constructed a large

concrete dam in the Gre(>n River, about 4 miles west of Eagle Gorge.

As this dam prevented the salmon from reaching the spawning beds,

the State established an eyeing station the same year just below
the dam. In 1913 the name was changed to Green River hatchery,

to conform to the name of the main stream.

In 1912 the United States Bm"eau of Fisheri(>s completed the Quil-

cene and Duckabush hatcheries. Both are on small tributaries enter-

ing the west side of Moods Canal, an arm of Puget Sound.
In 1913 a new station was operated by the Bureau on the Duse-

wallips River, a tributary of Hoods Canal, Puget Sound, near Brin-

non. Two new field stations—on ElweU River, a tributary of the
Skykomish River, near Sultan, and on Sauk River, a tributary of the

Skagit River, near Darringtcm—were also put into operation the

same year. The Sauk River had been worked by the State at one
time.

In 1913 the Middle Fork Nooksak eyeing station was transformed
into a hatchery. In the same year the eyeing station on the south
fork was moved farther up the river.

In 1914 stations were established by the Ignited States Bureau of

Fisheries on Day Creek and Illabot Creek, tributaries of the Skagit
River, while a substation was opened on Hamahama River at Eldon,
distant about 9 miles up Hood Canal from the mouth of the Ducka-
bush River.
On May 23, 1914, the Baker Lake hatchery building was destroyed

by fire. In addition to the building and equipment, 1,305,820 silver

fry and 823,097 sockeye fry were destroyed. The station was rebuilt

but was burned down again in 1919. It has since been rebuilt.
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In 1915 the State built a hatchery on the Pilchuck River, a tribu-
tary of the Skykomish River, near Granite Falls.

In lieu of building a fishway in its dam on the Elwha River, near
Port Angeles, the Olympic Power Co. furnished the funds needed to
build a hatchery below the dam, and this was opened by the State
in 1915.

In 1916 the city of Tacoma furnished funds to build a hatchery in

lieu of a fish ladder over the Nisqually power plant dam, and the
hatchery was constructed by the State at Chambers Prairie and
opened in 1916. It is known as the Chambers Creek hatchery.

In 1917 a new hatchery was established by the State at Orting, on
the Puyallup River, while in 1918 an eyeing station was established
at Tahuya, on Hoods Canal, near the Skokomish hatchery.

In 1919 the Nisqually hatchery was destroyed by floods.

The following tables show the total output of the salmon hatcheries
in the State of Washington owned by the United States Bureau of

Fisheries and the hatcheries owned by the State itself:

Output of the Salmon Hatcheries in Washington Owned by the U. S. Bureau
OF Fisheries.
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Output of the Salmon Hatcheries in Washington Owned by the U.S. Bureau
OF Fisheries—Continued.
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Output of the Salmon Hatcheries Owned by the State op Washington.*

Year ending
Juno 30—

1896.

1897.

1899..,
1900...
1901 . .

.

1902...
1903..
1904...
1905..
1906...
1907...
1908...
1909...
1910...
1911...
1912...
1913...
1914..
1915 ft.

1916 d.

1917 e.

1918/.
1919 f.

Chinook
trv.

Chum fry.

500,000
050,000
275,000
595,000
251,600
275,400
766, 822
283, 499
261, 184
101,180
943,550
897,670
647, tiOO

440,950
168,350
458,502
380,516
542, 928
529,709
784,092
239,092
228,979
175,074
773,506

Total 529, 570, 203 296, 190, 529

10,301,760
16,478,280
9,937,390
9,937,390

3, 268, 800
6, 120, 000

4, 342, 350
8,218,000
8,607,500
13,326,750
4,684,950
14,711,400
7,842,266
27,458,665
41,890,354
15,086,648
71,750,001
22,228,025

Hump-
back fry.

295,200

2,655,900

"'519,' 600"

370,785

1,532,737
578, 504

5,902,227

6,086,256

Silver, or
coho, fry.

189,000
778,280
747,894
964,593
659,079
725, 196
226,294
91(>, 380
668,600
273, 202
543, 200
894, 100
097,750
164, 125
263,290
494,380
169, 474
877,396
,842,775
,660,603
220,087

17,941,209 1586,365,698 19,646,147

Sockeye,
or blue-
back, fry.

5,500,000
5,400,000

49,792
62,631

607, 979
808,456

(^6,571,770
645,520

Steelhead-
trout fry.

1,736,560
1,398,476
2,481,371
3,134,076
3,868,866
2,433,635
2,769,784
3,575,943
4,578,075
4,080,450
4,855,000
5, 163, 180

4, 832, 067
9,089,250
3,601.514
3, 457, 130

9,984,852

10,250,532
7,993,452

Total.

4,600,000
9,550,000
9,675,000
8,784,000

38,068,200
49,900,050
60, 150, 176

56,014,044
33, 150, 446
21,761,109
45, 888, 514
47, 262, 213
59,497,127
54,282,600
66,044,550
68,046,182
70,432,443
104,606,868
82,050,398
131,510,496
145,501,900
56,966,857

223, 494, 236
92,860,590

89,284,213 1,538,997,999

a As the printed reports of the State before 1913 in many instances report as the output the number of

eggs gathered, it has been necessary m such cases to make an arbitrary reduction from these figures, in

order to allow for the loss in the egg stage. In addition to figures in table, in 1916, 13,424,362; in 1918,

6 745,823; and in 1919, 12,351,780 dwarf sockeyes were hatched and planted in waters of the State.
'
6 A considerable proportion of the fry was fed in rearing ponds for some time before planting.

c 29,900 eggs wore distributed in addition.
<J Year ends Nov. 30, 1916.

« Period from Nov. 30, 1916, to Mar. 31, 1917.

/ Year ending Mar. 31.
.

gin addition G. 000.000 eggs were furnished by the U. S. Bureau of Fisheries.

The following table shows the plantings made in waters of Wash-
ington other than the Columbia River by the United States Bureau

of Fisheries and the State of Washington

:

Plants op Salmon in the Waters op Washington Other Than the Columbia
River.

Year ending June 30—

1897.
1898.

1899.
1900.

1901.
1902.

1903.

1904.

1905.

1906.

1907.

1908.
1909.

1910.
1911.
1912.

1913.
1914.

1915.

1916.

1917.

1918.
1919.

Total 201,176,702

Tuget Sound and tributaries.

Chinook.

Fry.

7,470,000

300,000
,141,.322
,113,850
, 865, 933
590, 738
819, 290
,907,598
356, 709
647, 288
,6,S1,060

,984,482
, 646, 254

,561,328
,392,826
222, 734

, 022, 439

, 890, 383

, 318, 366
, 244, 102

Yeorlings,
fingerltngs,

or adults.

802, 795

750, 612
411,060
195,900

2,160,367

Sockeye.

Fry.

500,000
400, 000

683,000
834, 4.53

371,000
731,789
855, 000

3,573,130

514,.305

430, 626
554,825
496,000
692, 573
751,700
683, 261

371,056
897, 420
520, 280
696, 750
645, 520

96,202,688

Yearlings,
flngerlings,

or adults.

9,500

6 120,000

520

2, 093, 000

9,319,275
8, 622, 000

Silver, or coho.

Fry.

189,000
6, 749, 2,^0

14,360,185
23,161,069
21,507,771
14,071,845
16,441,375
29,755,574
26, 960, 552
37,613,466
28,622,310
36,837,125
29,941,865
39,7.'!8,614

56, 128, 207
42,213,911
74,505,147
42, 696, 932
6, 227, 775

29, 249, 710

12, 285, 222

20,164,295 589,306,935 15,740,885

Yearlings,
flngerlings,

or adults.

14,840

1, 455, 190

4, 560, 160

6,845,115
2,864,980

a Tnclndes .50.000 emra. bj^i flneerlioss.
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Plants of Salmon in the Watrrs of Washington Other Than the Columbia
RiVEB—Continued

.
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Plants of Salmon in the Waters of Washington Other Than the Columbia
River—Continued

.

Year ending June
30-
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In 1916 a subsidiary station was built by the Dominion on Cultus
Lake to accommodate the surphis eggs which could not be handled
in the Harrison and Pemberton hatcheries.

In 1913, the year of the quadriennially big run of sockeye salmon
on the Fraser River, the contractors who were building the new
Canadian Northern Railway, in blasting their wa}' along the banks
of the river, threw the rock and other d6bris into the stream until

in the narrow part of the canyon south of North Bend at Wliites

Creek, Hells Gate, China Bar, and Scuzzy Rapids, all within a few
miles of each other, the debris formed great sloping banks extending
out into the stream at these points, and entirely changed the direction

of the currents, and, of course, the velocity of ihe water. At best the

salmon had a hard time gc^tting through there, but the added obstruc-

tions rendered it practically impossible.

At a rather late hour the authorities woke up to the menace this

work was to the run of salmon, and the dumping of debris into the

river in such a manner as to obstruct their ascent was stopped.
How to clear the stream once more was now the problem, and this

was seriously complicated by a slide of rock which took place in

Hells Gate in February, 1914, which narrowed the channel of the
stream considerably.

In March, 1914, the Dominion Marine and Fisheries Department
contracted with a private concern to remove the obstructions, and
this was done from Scuzzy Rapids, China Bar, and Whites Creek
within a short period of time, but a couple of seasons' work were
required to clear up Hells Gate so as to permit of passage for the fish.

Some people claim that the fish still find it difficult to pass these

obstructi-ons.

Rivers Inlet.—A hatchery was esta])lished by the Dominion on
McTavish Creek, one of the tributaries of Oweekayno Lake, about
20 miles up Rivers Inlet, in 1905, and has been operated ever since.

Skeena Elver.—In 1902 the Dominion established a hatchery on
Lakelse Lake, in the Skeena River Basin, about 65 miles up the
river from Port Essington. In 1919 a modern hatchery was com-
menced to replace the old one that was put out of commission by
floods in 1917. In 1907 another was constructed on Babine Lake,
the source of the Skeena River.

Vancouver Island.—In 1902 S. A. Spencer, of the Alert Bay cannery
(now belonging to the British Columbia Packers' Association), in

return for certain special fishery privileges granted by the "Dominion,
established a hatchery on the Nimpkish River, which is located on
the northeast shore of Vancouver Island. The hatchery was burned
down in 1903, but was immediately rebuilt. wSince its establishment
it has been operated by th(> Dominion.

In 1910 the Dominion put three new hatcheries into operation,

all on Vancouver Island. They were located on Anderson Lake,
Kennedy Lake, and Cowichan Lake, respectively. The two former
are used for sockeyes and the latter for king and coho salmon and
steelhead and other varieties of trout.

In 1915-16 the Draney Fisheries (Ltd.), operated a hatchery on
a lake near by and hatched out 560,000 fry from eggs obtained from
Rivers Inlet.
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The following table shows the plantings made in the waters of

British Columbia from the Dominion and provincial hatcheries:

Plants or Salmon Fry Made in the Waters op British Columbia.

Year.

1885.
1886.
1887.
1888.
1889.
1890.

1891.

1892.
1893.
1894.
1895.
1896.
1897.
1898.

1899.
1900.
19021
1903.
1904.
1905.
1906.
1907.
1908.
1909.

1910.
1911.
1912.
1913.
1914.
1915.
1916.
1917 '

1918.
1919.

Total.

Fraser River.a

Chum.

75,000

1,100,000

''i25,'666

5,256,000
37S, 000
383,000

7, 317, 000

Coho, or
silver.

90,000
1,750,000

210, 000
5,576,100
4,774,000
3,219,200
5, 890, 000

7, 375, 400
450, 000

5, 318, 800
3,899,500
1,995,600
1,522,000
2, 196, 000
1,652,000
1,971,900
1,729,800
1, 800, 625

51, 420, 925

Spring, or
king.

22, 000

4,381,

1,791,

1,814,

2,815,

5, 772,

6,300,

2,129,

5, 962,

4,533,
50,

2,614,

2,540,
1,645,

2, 703,

2, 291,

Hump-
baclv.

50,000

28, 773, 350

""566,' 666'

c 3,834, 000

4, 788, 000
13,940,100

40, 000

47, 426, 850 74, 425, 450

Sockeve.

1,800,000
2,625,000
4,414,000
5,807,000
4,419,000
6,640,000
3, 603, 800
6,000,000
5,674,000
6,300,000
6,390,000
10,393,000
5,928,000
5,850,000
4,742,000
6,200,000
15,808,000
12,521,000
13, 729, 200

9, 244, 300
100, 479, 000
36,965,900
51,855,200
41,909,500
105,312,500
24,146,300
34, 183. 850
41,062,700
92,308,000
27,496,000

^67, 201, 000
27,903,600
37,153,350

/42, 071, S25

8, 137, 025

Steelhead
trout.

75,000

'i2,"666

"'4,666'

30,000

121,000

Total.

1,

2,

4,

5,

4,

6,

3,

f>,

5,

6,

fi,

10,

5,

5,

4,

6,

15,

14,

H,
19,

107,

42,

83,

55,

112,

31,

72,

48,

94,

32,

75,

41,

55,

800,000
625,000
414,000
807,000
419,000
640,000
603, 800
000,000
674,000
300,000
390,000
393,000
928,000
8.')0,000

742,000
200,000
973,000
368,000
001,200
201,800
048, 500
000,000
060,200
057, 300
062, 500
594,600
819,200
691,850
380,000
431,700
227,000
564,700
964,250
616, 650

1,048,848,250

Year.

1903.
1904.
1905.
1906.
1907.
1908.
1909.
1910.

1911.
1912.

1913.
1914.
1915.
1916.
1917.
1918.
1919.

Skeena River.

Hump-
back.

Total.

16,000

Sockeye.

3,450,000
4,000,000
3,767,900
3,784,450
4,125,750
8,946,950
11,882,400
;11,521,700
12,.556, 470
12,367,500
11,430,430
11,843,200
11,899,613
11,202,257
12.105,000
8,190,000
8,096,000

151,169,620

Total.

3,450,000
4,(X)0,000

3,767,900
3,784,450
4,125,750
8,946,950
11,882,400
11,521,700
12,556,470
12,367,500
11, 430, 430
11,843,200
11,915,613
11.202,257
12, 105, 000
8,m\000
8,096,000

151,185,620

Rivers Inlet.

Spring, or
king.

4,706,000

4,706,000

Sockeye.

8,000,000
8,440,000
8,594,000
13,300,000
12,760,000
11,436,000
11,791,000
10,981,000
12,397,000
12,712,000
12,594,100
13,305,600
2,721,600
2,908,800

141,931,100

Total.

8,000,000
8,440,000
13,300,000
13,300,000
12,750,000
11,436,000
11,791,000
10,981,000
12,397,000
12,712,000
12,594,100
13,305,600
2,721,600
2,908,800

146,637,100

Nimpkish
River.

Sockeye.

1,636,000
2,496,000
2,850,000
4,873,400
4,870,000
4,800,000
4,500,000
5,055,t)00

6,414,000
6,114,500
4,981,000
6,053,000
4,880,000
4,980,000

4,874,000

67,376,900

o Some of the reports from the provincial hatchery at Seton Lake show merely the take of eggs; it has
been necessary to make an arbitrary reduction in order to show the loss of eggs and fry before planting.

b No plants made in 1901.
c 3,549,000 were eggs.
d 3,242,000 were eggs.
« All were given as eggs, and an arbitrary reduction was made in order to show the loss in eggs and fry

before planting.
/ .')00,000 were eggs; of the eggs from which the total plantings were made, 8,096,000 were obtained from

the Skeena River.
e Includes 80,000 coho fry.
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Plants of Salmon Fry Made in the Waters of British Columbia—Continued.
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In 1S92 Capt. John C. Callbreath, manager of the Point Ellis

cannery on Kuiu Island, operated a small hatchery on the left bank
of Kutlakoo stream. It was a very primitive place, and an excep-

tionally high tide destroyed the whole plant in September. It was
never rebuilt.

Capt. Callbreath, however, after seeing to the operation of the

hatchery, had returned to Wrangell during the summer, where his

attention was again attracted to hatchery work, and in the fall of

1892 he built a small hatchery on Jadjeska stream, Etolin Island,

about 200 yards from its mouth. The stream is about one-half mile

in length and is the outlet of a small lake. Finding the location

unsuitable, Capt. Callbreath removed the hatchery in 1893 to the

northern side of the lake, about three-eighths of a mile from the head
of the outlet, where it still stands. The owner's intention was to

build up a stream which had a small natural run of red salmon until

i , had a large run, with the hope that the Government would then
give him the exclusive right to take these fish from the stPc^am for

commercial purposes. The experiment was kept up until the end of

the season oi 1905, when Capt. Callbreath's failing eyesight compelled
the cessation of the actual hatching. Until 1910 a man was stationed

on the stream during the run of spawning lish for the purpose of lift-

ing them over the dam, so that they could reach the spawning beds
at the head of the lake, and the project w^as abandoned entirely

shortly thereafter. The owner's expectation of a big run as a result

of hatching operations was never realized.

In 1896 the Baranof Packing Co., which operated a cannery on
Redfish Bay, on the western coast of Baranot Island, built a small
hatchery on the lake at the head of Redfish stream. The following
winter was so cold that not only the flume but the whole cataract
froze solid, and as the hatchery was thus left without water the eggs
were put into the lake and left to their fate and the hatcher}^ closed

down permanently.
In 1897 the North Pacific Trading & Packing Co., at Klawak,

Prince of Wales Island, established a hatchery near the head of

Klawak stream, close to Klawak Lake. In 1898 the plant was moved
to the mouth of a small stream entering the lake about halfway up
the western shore. This hatchery was operated continuously until

the end of 1917, since when it has been shut down. In 1909 the
North Alaska vSalmon Co. acc^uired a half interest in it, which it

relinquished to the original owners a few years later.

The Pacific Steam Whaling Co. in 1898 erected a small hatchery
on Iletta Lake, on the west side of Prince of Wales Island, which
was operated until the close of the hatching season of 1903-4, when
the Pacific Packing t^ Navigation Co., successor to the original

owner, went into the hands of a receiver. In 1907 it was reopened
by the Northwestern Fisheries Co., which had acquired the interests

of the old company, and has been operated each season since, with
the exception of 1919.

Up to 1900 the work of hatching salmon was entirely voluntary
on the part of the packers. On May 2 of that year the following
regulation was promulgated at the Treasury Department, which at

that time had control of the Alaska salmon-inspection service:

7. Each person, company, or corporation taking salmon in Alaskan waters shall

establish and conduct, at or near the fishfries operated by him or them, a suitable
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artificial propiifratins: plant or hatchery, and shall produco yearly and placp in the

natural spawninc; wutcrn of each Ht<hery so operated red-salmon frv in such iiuinhers

as shall he efii.al to at least four times the nuinljcr of mature fish taken from the said

fisheries tiy or for him or them during the precwiins; lisliiuii: season. The inamige-

ment and operation of such hatcheries shall t>e subject to such rules and regulations

as may hereafter he prescribed by the Secretary of the Treasury. They eha'l l>e open
for in'^iJct'tion l>y the authorized official of this dei)artnu^nt; annual reports shall I'e

nuide, <riving full particulars of the number of male and female salmon Htri{)j)ed. the

number of eggs treated, the uiunber and percentage of fish hatched, and all other con-

ditions of interest; and there shall be made a sworn yearly statement of (he luunber
of fry planted and the exact location where said planting was done.

On January 24, 1902, this regulation was amended so as to require

the planting of "red-salmon fry in such numbers as shall be equal to

at least ten times the number of salmon of all varieties taken from
the said iishories."

Although the regulation was mandatory, but few of the packers
obeyed it, some because no suitable place was to be found within a

reasonable distance of their plants, others because the establishment
and operation of such a hatclu>ry would cost more than their returns

from the industry jus tilled, and others because of lack of knowledge
required in hatchery work. The greater number of them absolutely

ignored it, and as a result thos(» who conformed to the regulation

were placed under a heavy financial handicap. The injustice of this

arrangement was patent on its face, and in 190(), when a compre-
hensive revision of the law was made by Congress, provision was
made for reimbursing in the future those cannery men who o})erated

salmon hatcheries. The section covering this point reads as follows:

Sec. 2. That the catch and pack of salmon made in Alaska by the owners of pri-

vate salmon hatcheries operated in Alaska shall be exedipt from all license fees and
taxation of eve ry nature at the rate of ten cases of canned salmon to every one thousand
red or king salmon fry liberated, upon the following conditions:

That the Secretary of Commerce and Labor may from time to time, and on the
application of the hatchery owner shall, within a reasonable time thereafter, cause
such private hatcheries to be inspected for the purpote of determining the character

of their operations, efficiency, and productiveness, and if he approve the same shall

cause notice of such ap])roval to be filed in the office of the clerk or deputy clerk of the
United States disf ri( t court of the division of the District of Alaska wherein any such
hatchery is located, and shall also notify the owners of such hatchery of the action

taken by him. The owner, agent, officer, or superintendent of any hatchery the
effectiveness and prodiictiveness of which has been approved as above provided
shall, between the thirtieth day of June and the thirty-first day of December of each
year, make proof of the number of salmon ir\' liberated during the twelve months
immediately preceding the thirtieth day of June by a written statement under oath.

Such proof shall be filed in the ofliice of the clerk or deputy clerk of the United States
district court of the division of the District of Alaska wherein such hatchery is located,

and when so filed shall entitle the respective hatchery owners to the exemi)tion as

herein ])rovi(ied; and a false ouih as to the number of salmon fry liberated ohall be
deemed perjury and subject the oli'euder to all the pains and penalties thereof. Dupli-
cates of such statements shall aLso be filed with the Secretary of Commerce and Labor.

It shall be the duty of such clerk or dei)uty clerk in whose office the approval and
proof heretofore provided for are filed to forthwith issue to the hatchery owner, caus-
ing such proofs to be filed, certificates which shall not be transferable and of such
denominations as said owner may request (no certificate to cover fewer than one
thousand fry), covering in the aggregate the number of fry so proved to have been
liberated; and such certificates may be used at any time b\' the person, company, cor-

poration, or a.ssociation to whom issued for the payment pro tan to of any license fees

or taxes upon or against or on account of any catch or pack of .salmon made by them
in Alaska; and it shall be the duty of all public officials charged with the duty of col-

lecting or receiving such license fees or taxes to accept such certificates in lieu of

mone>- in payment of all license fees or taxes upon or against the pack of caimed
salmon at the ratio of one thovisand fry for each ten cases of salmon. No hatchery
owner shall obtain the rebates from the output of any hatchery to which he might
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otherwise be entitled under this act unless the efficiency of said hatchery has first

been approved by the Secretary of Commerce and Labor in the manner herein pro-

vided for.

Of recent years so much objection has been raised to the system
of hatchery rebates that the matter of the Federal Government
taking over all private hatcheries in Alaska, at a fair valuation, and
operating same, is being favorably considered.

In 1901 the Pacific Steam Whaling Co. established two small
hatcheries—one on Nagel Stream, which enters the northern side of

Quadra Lake, on the mainland of southeast Alaska, and one on a
stream entering Freshwater Lake Bay, Chatham Strait. Both were
closed down in 1904 when the company failed. In 1908 the North-
western Fisheries Co., which had acquired the Quadra plant, removed
it to a small stream entering the head of the lake and has operated
it ever since.

In 1901 the Alaska Packers Association erected a hatchery on
Heckman Lake, the third of a series of lakes on Naha Stream, Revilla-

gigedo Island, and about 8 miles from Loring, where the association

has a cannery. This, known as Fortmann hatchery, is without ques-
tion the largest and costliest salmon hatchery in the world, having a
capacity of 110,000,000 eggs, and the association is entitled to great
credit for the public spirit it has shown and the work it has done,
entirely without remuneration until 1906, in building and operating
not only this hatchery but also the one at Karluk.
The Union Packing Co., at Kell Bay, on Kuiu Island, and F. C.

Barnes, at Lake Bay, on Prince' of Wales Island, in 1902 built and
operated small hatcheries, both of which were abandoned after one
season's work.
Up to 1905 the work of hatching salmon in Alaska was confined to

the salmon cannery men. In that year, however, the United States
Bureau of Fisheries erected a hatchery on Yes Lake, which empties
through a short stream into Yes Bay, on Cleveland Peninsula. In
1907 the Bureau constructed another hatchery, on Afognak Lake,
near Litnik Bay, Afognak Island.

The eruption of Katmai volcano, on the Alaska Peninsula, June
6, 1912, covered the island of Afognak with volcanic ash and sand to

an average depth of 9 inches. It is estimated that 20,000 salmon
perished at the head of Litnik Lake, while thousands were driven
back into the ocean. As a result of these conditions the work at the
Afognak station was much hampered and curtailed. Even as late

as 1915 work at this station was still being hampered by the volcanic
ash and sand which fell in 1912.

In 1913 collecting stations were established at Eagle Harbor and
Uganak Lake, on Kodiak Island. In 1915 another was established

at Seal Bay, on Afognak Island.

In 1913 a collecting station was established on Ketchikan Creek,

but, owing to the objections of the citizens of the town against the

taking away of the eggs, the station was abandoned in 1915.
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The following tables show the eggs and fry distributed by the

Government and privately owned hatcheries in Alaska:

Output of the Salmon Hatcheries in Alaska Owned by the U. S. 'Bureau op
Fisheries, 1906 to 1919.
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Output of the Salmon Hatcheries in Alaska Owned by the U. S. Bureau op
Fisheries, 1906 to 1919—Continued.
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Take of Egos, and Output of Private Salmon Hatcheries op Alaska, 1893

TO 1919—Continued.

Year ondiii;; June
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not only ate them fresh but also dried large quantities for winter use
for themselves and their do^s.

Owing to the inaccessibility of the Siberian coast, due mainly to

tha lack of transportation facilities for many years and the decided
objection of the Russian Government to travelers roaming over the
country, partly because of the presence of political and criminal
convicts and partly because of a fear that they might learn too
much of its resources, there has been but little written, especially

with regard to its fishery resources, about this remote section of the
Russian Empire, and what little has been published is usually fiUed

with inaccuracies, due, doubtless, in many instances to the fact that
the writer generally had to get most of his information at second and
third hand and was also unfamiliar with fishery subjects.

Most of the data given below were obtained directly from persons
living in Siberia or Japan, most of whom are engaged in the fishing

industry of Siberia, or from Americans M'ho have on various occa-
sions visited the country in order to view its fishing possibilities at

first hand.
SPECIES OF SALMON.

All five species of salmon are to be found along the Siberian coast,

and the schools appear to run about the same as they do on the
American side. Although we have very little authentic data relating

to their movements, these are doubtless similar to the runs on the
Alaska coast, where climatic and other conditions are very similar.

Nearly all streams from the Arctic Ocean to north China seem to have
runs of one or more species. The steelhead does not appear to be an
inhabitant of the Asian coast.

The fishing carried on by the Russians has usually been along the
rivers of the mainland, principally in the Amur and on Saldialin

Island.

From very early times Japanese fishermen have frequented the
Siberian coast and Saklialin Island (the southern portion of which
they at one time owned, exchanging it to Russia for the Kurile
Islandsin 1875 and again acquiring itin 1905, as a result of the Russian-
Japanese war), being drawn here mainly by the rich stores of salmon
which could be secured easily and quickly, and were so necessary
to eke out the vast quantity needed to supply such a fish-eating

nation as Japan.
FISHING DISTRICTS.

The Priamur fishing district is subdivided into several districts as

follows

:

AHkolaevslc district.—This district comprises the whole lower part
of the Amur River from the village Zimmermanovka down to the
mouth of the river, about 300 miles; the River Amgun, 200 miles;

the Amur estuary, about 150 miles on the mainland and about 130
miles on the coast of Sakhalin Island, and about 865 miles of the coast

fine on the southwestern shore of the Okhotsk Sea. In 1913 there

were 139 fishing stations operated in this district, and this number
has been materially increased since. Humpbacks and chums were
the principal species of salmon taken.
Sakhalin district.—The Saklialin district includes the entire coast

line of Sakhalin island with the exception of that facing the Amur
estuary, which belongs to the Nikolaevsk district. It is the smallest
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district, and at prosent is of little importance. In 1013 there were
14 stations on tne island and they produced chum and humpback
salmon.

Okhotsk- Kamchatka diMrict.—The Okliotsk section covers the
coast line of the northern part of the Okliotsk Sea from Port Ayan
to Penjin Promontory, about 1,620 miles. Chum, humpback, coho,
and red salmon, and Dolly Varden trout are found here. 'J'he West
Kamchatka section includes the coast line from the Sopotshnaya
River down to the southern ()z(U-nof shore fishinc^ stations, a distance
of about 835 miles. The Ozoriiaya River is, so far as known, the
only rivei- in this section that th(^ r(ul snlmon visit in any quantiti<is.

In 1913 there were 152 fishins: stations in this section, most of which
were leased to Japanes(>. T]w number has since be(ui increased.
All five speci(^s of salmon and tJie Dolly Varden trout are found here.
The East Kamchatka section coveis the coast line of eastern Kam-
chatka and Anadir Peninsulas, about 1,843 miles. The majority
of the fishinp: stations are concentrated around Karachinsky (Count
Litka) Bay, in the straits from the Malo-Voyam River to Kitchi^in
River, about 135 miles lont;, and in tlie re^^jion of Kamchatka River.
All five species of salmon and Dolly Varden trout are taken liere and
most of the cannei'ies are located hevo, and in the West Kamchatka
section.

Southwestern district.—This district coA-ers the waters from the
southern boundary of tlie Amur River estuary (the line b(^tween
Capes Lazarev and Po^ibi) down to the Choseui frontier, including
Vanina Bay, Imperial Harbor, Peter the (jreat Bay, and other bays.
The total length of the shore line is about 1 ,350 miles. The northern
part, from Lazarev-Pogibi line to Cape Povorotni, with the excep-
tion of various bays, includes the conventional wat<u-s, while the
southern part, composed of Peter the Great Bay and Posiet Bay,
are excluded from the conventional waters. In the first-named
section clium and ]iumj)back salmon are caught to some extent.
In the sou (hern section chum and humpback salmon are taken and
market(^d fresh.

Amur Rircr.—The Amur River is subdivided into two districts

—

the Marinsk, or tlie Lower Amur, district and the Khabarovsk dis-
trict. The first named includes the area from the village Troitskoe
to the village Sophiskoe, or a tract about 278 miles long. The
Khabarovsk district includes the river line from the northern bound-
ary of tlie Maryinsk district up the river to KliabaroA-sk, about 127
miles. Chum salmon form the bulk of the catch in tliis district.

FISHERY RIGHTS AND REGULATIONS.

Along the entire seacoast of Siberia, by virtue of the Russo-Japa-
nese convention of 1907, concluded for 12 vears, and, it is reported,
with wlia.t truth we have no means of telling at present, renewed
in 1919, the Japanese are permitted to engage in fisliing on equal
terms with Russians. In such sections there is no restriction
with regard to the nationality of the laborers emploj^ed or the
method of preparing the fish, except that the manufacture of fish
ma,nure from fish of the salmon variety is proliibited. On the face
of it this convention looks like an equitable agreement, but in putting
the Japanese on the same footing as the Russians it subjected them
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to a lot of unstated and arbitrary laws, by-laws, and local regula-
tions, besides making the tenure exceedingly short, virtually only
one year, as a result of which Japanese capital refuses to erect more
than the crudest of plants.

The Department of Domains fixes the limits of the stations, and
these are sold at public tender, usually during February and March.
The exhaustion of the fishery resources of many of the European

waters belonging to llussia has forced some of her more enterprising
fishermen to seek for new supplies in her Siberian waters, and as
these resources become better known, and means of transportation
are increased and improved, there wdll doubtless be a tremendous
impetus given to their development.
The World War which devastated Europe between 1914 and 1918

had a particularly disastrous effect on llussia, where the terribly

devastating internecine warfare resulting from the revolution withiii

her borders sapped her resources to such an extent that her Siberian
fishery operators have been unable to do anything other than make
a bare living out of the business and not even that in many cases
owing to the uncertainty of business conditions. As a result of these
distressing handicaps upon the operations of the Russians, the
Japanese have had virtually a free hand in their exploitation of the
coastal fishery resources of Siberia. As Siberia in the near future will

be the greatest producer of salmon, it behooves us to bestir ourselves
if we are to retain our command of the salmon market by taking
an active part in the development of Siberia's fishery resources, for

which development Russia has not heretofore welcomed foreign
capital. When peace finally comes to that devastated land, how-
ever, her capital will be so depleted that she will doubtless
welcome relief from whatever source it comes, and as she knows
the United States has no territorial aspirations in her direction we
will doubtless be far more welcome than the Japanese, of whose
disinterestedness the Russians are extremely suspicious.

Fishing rights in the gulfs and bays not included in the Russo-
Japanese convention, such as Peter the Great Bay, Imperial Har-
bor, Vanina Bay, Avalehinsk Bay, and others, as well as the rivers

of Okhotsk and Kamchatka, are granted by the Governor General,
without public tenders, to persons of good repute, but for one year
only, and if they show their ability to establish a successful fishing

station a lease for 12 years can be secured on the basis of paying a
royalty of 2^ cents per pood (36.1 1 2 pounds) of prepared fish. Under
the terms of the lease only Russian subjects can be employed at

the stations, while all sailing vessels serving the stations must be
under the Russian flag.

The regulations governing the riv<T districts vary from those re-

lating to coast concessions, and also vary from each other, as the
local authorities in the river districts are authorized to issue tem-
porary rules and regulations to cover local conditions.

On the Amur River, within the boundaries of the Nikolaevsk,
Maryinsk, and Khabarovsk districts, the fishing stations arc leased
by public auction to the highest bidder, some on a long-term basis

and others for only one year. At stations above the city of Nikola-
evsk, within 30 miles of the Amur estuary and farther, no foreign

labor is allowed. Below the city of Nikolaevsk foreign labor can be
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employed to handle the fish on shore, but the actual fishing can bo
done only by Russian subjocts.

At the present lime the chief aim of the Russian authorities is to

break the monopoly the Japanese have of the fisheries along the

greater part of the coast. This Avill be an exceedingly didicult thing

to do, oAving to the proximity of the Japanese to the Siberian coast,

the ease with which they can transport by water the necessary sup-

plies, etc., for carrying on the fisheries, the yastly greater skill in

carrying on this work displayed b}' them over their Russian com-
petitors, and tlu'ir unlimit<'d supply of cheap labor, while the Russian
fisheries are badly hampered as a result of the few Russian subjects

available for such work and the consequent high wage cost of same.
Japan also has another big advantage in that she is at present almost
the sole market for the greater part of the salmon and other fishes

taken in Siberia. The very fact of this fish being necessary for feeding

her people will cause Japan to battle hard to hold her present advan-
tage.

In order to encourage opposition to the Japanese, the Russian
authorities in 1913 gave to Denbigh & Biritch, on a long lease, a
fishing station on the Kamchatka River (eastern shore of Kamchatka
peninsula), and to S. GrooshetsW & Co. one on the Bolsha River
(western shore of Kamchatka). In order to safeguard. the fishery in

the lease each was to build a fish hatchery with a capacity of 3,000,000
salmon per annum in the vicinity of the station. Each was to release

500,000 in 1914, 1,000,000 in 1915, and 3,000,000 yearly from 1916
to the end of the lease. Owing to technical difficulties only the latter

firm built a hatchery, and this not until 1915 or 1916, It has since

been shut down.
The development of the salmon and other fisheries of Siberia has

been much hampered by the disinclination of the Russian Govern-
ment to permit foreigners to acquire fishing concessions except on
very short tenure. As the Russians themselves are generally un-
skilled in fishing operations, and are compelled to do the work with
Russian labor, which is quite scarce, they do but little with their

concessions. American capital would doubtless be available for

developing Siberia's fisheries were it assured of a sufficiently long
tenure of lease with some other minor concessions.

APPARATUS EMPLOYED.

In the river districts somewhat primitive fishing apparatus is

employed. Spears, dip nets, and the other simple forms which
seem to be common to all savage tribes depending upon the water
for the greater part of their subsistence, are all in use by the natives
living along the upper reaches.

Weirs of a primitive type known as "zaczdka," are also used.
These have a lead consisting of willow poles and branches built from
the river bank or a sand bank out into the stream. At the out-er

end is attached a net compartment with a lead, into which the fish,

which have been following the lead in the search for an opening,
pass. Two men in a boat are anchored close by, and as soon as 30
or 40 salmon have passed into the compartment, it is hauled up and
the fish emptied into the boat, after which the net is reset.

11312°—21 17
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Haul seines of varying lengths and depths are used in connection
with the more important river fishing stations.

Along the coast the Japanese use a floating trap net somewhat
similar to the type used in Alaska, also haul seines and a few gill nets.

ABUNDANCE OF SALMON.

It is exceedingly difficult to secure even approximate statistics

of the Siberian catch of salmon, owing to the wide extent of coast, the
totally inadequate means of transportation preventing close super-
vision, the presence of so many foreigners who go directly home with
their catches at the end of the season, and the crude system of control
in operation by the authorities.

The following table shows the catch of salmon in the four districts

for the year 1898:

District.



PACIFIC SALMON FISHERIES. 259

In the Okhotsk district the catch amounted to 827,274 keta and
37,790 krasnaia. Of sahnon caviar 489 tons were prepared ])y the

Japanese and 60 tons by the llussians.

in 1915 about 50,000 barrels of ])ickled salmon were prepared on
the Amur Kiver. In the sections covered by the Fishing Convention
6,000,000 sahnon, mostly keta with a few krasnaia, were dry-salted,
while 80,000,000 hump])ack salmon, called "salmon trout" in Japan,
were so prepared. No lish were frozen for the European market, duo
to the war. A considerable quantit^^ of caviar was prepared, but the

quantity is uid<nown. The ])ack of camied salmon is shown elsewhere.

In the ''Pacific Fisherman" (Febrnary, 1917), Seattle, Wash.,
its Hakodate (Japan) correspondent reports the following partic-

ulars of the 1916 salmon season:

Durinsr the year 191G the palmon catches in the States of Kamchatka and Okhotsk,
Siberia, varied j^'reatly according to districts. On the Avest coast of Kamchatka and
Okhotsk there was a big run all season, but the run on the east coast of Kamchatka
was extremely poor, except in the Kamchatka River. The distribution of salmon
varieties is always limited to about tlie following districts:

Chums are present in large quantities on the east coast of Kamchatka and Okhotsk,
but on the west coast of Kamchatka they are never plentiful.

Red salmon arc almost entirely limited to two districts, the Kamchatka and Ozer-
naya ri\ers, being ^ery scarce in other districts.

ilumpl)acks are found all along the coast, but most especially in the district of

Boliskreska [Bol^heryetzk], where there is always a large run.

Silver salmon are found in small quantities on the west and east coasts of Kam-
chatka at certain seasons of every year.

King salmon are present in very limited quantities, early in the season on the west
and east coasts of Kamchatka.
There were 17 canneries operated in 1916, and they packed about 470,000 cases.

There were 218 fishing places on the shores, and the number of salmon caught during
the season was 94,582,228.

All the salmon packers and fishermen in Siberia have used steamers for the trans-

portation of their goods for several years past, but owing to the high rates now prevail-

ing on steamer tonnage they were obliged again to make use of sailing vessels. Prices

of all equipment and outfits for the canneries and salting stations were from 30 per
cent to 50 per cent higher than for the previous v-ear, but as a result of the strong

demand for salmon products due to the European war, all the markets are in good condi-

tion. Accordingly, preparations for the coming season are expected to be on a more
extensive scale, both as to number and size of canneries and development of the
fisheries.

The above statement is accompanied by the following estimate of the number at

salmon caught in 1916 in the States of Kamchatka and Okhotsk, except in the rivers:

Species. Okhotsk.
East Kam-
chatka.

West Kam-
chatka.

Total.

Chum ,

Humpback

.

Kine
Red:
Silver

Number.
1,4X2,312

Total. 5, 192, 632

Number.
2,31S,964

1,776,112
3, 276

308, 502

Number.
1,069,056

79,926,512

3,311,304
75, 870

4,406,854 84,982,742

Number.
5, 17i!,332

86, 412, 944
3, 276

3,619,806
75,870

94, 582, 228

FREEZING SALMON.

As when the Russians owned Alaska, the exploitation of Siberia

was carried on for many years by trading companies with large

powers granted by the Government. In 1892 a very enterprising
company was in charge, judging from the following extract from a

letter written on February 2, 1893, by the late Eugene G. Blackford,
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the well-known fish dealer of New York, to the late Col. Marshall
McDonald, then United States Commissioner of Fish and Fisheries:

I have just learned of the arrival in Chicago of 60,000 pounds of frozen salmon.
They were caught in Petropavlovsk, Kamchatka. These fish are a new venture
undertaken hy a commercial trading company who control that country, and these

salmon have been taken from a river where none have been caught before, and my
information is that they catch fish weighing as much as 150 pounds each. The at)0\e

lot of fish was brought frozen to Tacoma and then shipped by refrigerator car to Chi-

cago, where they were sold to Mr. Booth, of the Booth Packing Co. , Chicago. Mr. Booth
has declined to pay for them because of theii' not being in satisfactory condition.

Nothing further appears to have been done in this line until in 1903,

when a Berlin fish merchant outfitted and sent to the Siberian coast

a refrigerator steamer with a capacity of 2,500 tons. The fish were
caught mainly" in the Amur River and were frozen immediately after

being brought aboard. In all, 160,000 salmon were obtained, and
these were in excellent condition when landed at Hamburg, Germany.

In 1907 the Salmon Steam Fishing Co., a combined British and
Japanese company, chartered the steamers Zenohia and Zephyrus.

These vessels were fitted with refrigerating apparatus and cold-stor-

age chambers and sent to the Kamchatkan Peninsula to get a cargo.

Both secured good cargoes.

In 1909 two refrigerating steamers visited the coast and froze salmon
for the European market. One vessel was outfitted by a British

company and the other by a German company, J. Lindenberger (Inc.).

The latter reported that the dog salmon, the principal species frozen,

were large and very bright. The British steamer left England in

April and arrived home again late in December.

CANNING SALMON.

In 1900 the Kamchatka Commercial & Industrial Co. (Ltd.), was
organized at St. Petersburg, Russia, by A. T. Prozoraf, president of

the St. Petersburg Chamber of Commerce; P. M. Grunwalt; H. T. M.
Court, and A. A. Prozoraf, secretary. A complete canning outfit was
purchased in the United States, and the first cannery in Siberia estab-

lished at Petropavlovsk, Avacha Bay, Kamchatka.
The San Francisco Trade Journal, under date of December 19, 1902,

printed the following item relating to the operations of this cannery:

On December 8 the Russian barkentine Bitte arrived from Petropavlovsk, Siberia,

with 10,136 cases canned salmon. This is the first consignment of salmon received

from them.

The greater part of the pack comprised dog salmon, although they
were labeled "pink" salmon, the rest being reds and kings.

In 1903 the company did not operate, the fishing season being

devoted to moving the plant to Ust-Kamchatka, at the mouth of the

Kamchatka River, where, after being in use altogether for two or

three years, it was abandoned and left all standing.

In 1907 two canneries were established in the estuary of the Amur
River, near Nikolaevsk, but beyond getting out samples they were
never operated.

In 1910 A. G. Denbigh, an Englishman, built a modern cannery
near the second site of the Kamchatkan Commercial & Industrial Co.

That year the cannery produced only about 10,000 cases, but each

year since the equipment of the plant has been enlarged and improved
until in 1913 the pack amounted to 60,000 cases. Early in 1914 a
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complete two-line plant of American can-packing machinery was
installed.

In 1912 Mr. Denbigh built another cannery 1^ miles away from the
above plant. This nlant was first operated with German and Nor-
wegian sanitary macliinery, but in 1914 a two-line American sanitary
can-packing plant was installed, the can-making plant at the first

plant making all the cans needed at the two canneries.

In 1915 a number of additions were made to both plants in the line

of Hat fillers, etc., while still more were in contemplation for 1916.
Mr. Denbigh also operates a hand cannery at Ivompakova, on the

west side of the Kamchatka Peninsula.

Up to 1912 very few canneries, and these very primitive affairs,

had been built by the Japanese, owing to the uncertainty of tenure
referred to previously. The "canneries" were mere sheds or shel-

ters where tlie cans—which were brought from Japan, made or half

made—were filled, closed, and cooked, furnace-heated, vertical retorts

being used for the latter purpose. If the owner lost his concession
at the end of the fishing season he simply took his retorts away with
him and the buildings were left to his successor.

In 1912 a Tokyo company (Ichigumi & Co.) put up two canneries
near the Ozernaya River in Kamchatka, while a Japanese from
Niigata, Japan, also put up a small plant in the same vicinity. Both
plants were cheaply built and operated with hand-power machinery
and small vertical retorts. That year the two companies together
packed about 13,500 cases of salmon.
The same season Ichigumi & Co. put up another hand-power can-

nery, and Tsutsumi & Co., of Hakodate, Japan, built two others of
the same type near the Kamchatka River, on the cast coast.

In 1913 Tsutsumi & Co. built a modern cannery at Ozernaya and
installed a complete line of American sanitary can-making and can-
packing machinery.
The same year Ichigumi & Co. put up two hand-power canneries

near the Kamchatka River, having succeeded to the concessions for-

merly held here by Tsutsumi & Co. In 1914 they built a modern
plant and installed a complete line of American sanitary can-making
and can-packing machinery.
The St. Petersburg firm of S. Grooshetsky & Co., which has been

engaged for a number of years in the freezing of salmon and in the
preparation of salmon caviar, under the name of the Pacific Ocean
Sea Industry Association, erected a cannery near Ozernaya in 1914,
and installed in it a full line of American sanitary can-making and
can-packing machinery. This plant will compare favorably with
most of our Alaska canneries. The buildings are of iron.

In 1915 a number of extensive improvements in the way of new
buildings, machinery, etc., were made to the various plants, and
during the winter of 1915-16 several of the canning firms had repre-
sentatives in this country selecting much additional machinery for
use during the 1916 season. During the latter season Tsutsumi & Co.
erected a large new plant at Kiseka and a one-line plant above Kiseka.
This company also operates a can-making plant at Hakodate,
equipped with American Can Co. machinery and with a capacity of
800,000 cans per day. Owing to the heavy demand, caused by" the
war, a number of small hand-pack canneries also operated.
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In 1917 A. G. Denbigh built a cannery at Javino, on the west coast
of Kamchatka Peninsula. All the machinery in this plant is electric

driven.

In 1918 the ravages occasioned by the war so far as personnel,
transportation, tinplate shortage, and market conditions were con-
cerned had come to a head, and as a result the Grooshetsky & Co.
and some of the smaller canneries did not operate, while Tsutsumi &
Co. operated only those of its canneries which packed red salmon.

In 1919 conditions were much more favorable in Siberia, and as a
result the three Russian plants which were shut down in 1918 re-

opened. Tsutsumi & Co. erected and operated a new cannery in
Ust-Kamchatka. The Nichiro Gyogyo Kabushi Kaisha, or Russo-
Japanese Fisheries Co. (Ltd.), built and operated two additional one-
line canneries at Kompakova and Kiseka.
The following table shows the detailed pack of canned salmon

made by the various companies operating in Siberia in 1915:

Siberia C
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Siberia Canned Salmon Pack in 1919—Continued.
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tanks for seven or more days, or until they are thoroughly struck,

after which they are packed in barrels, flesh side up, except the two
top layers, which have the skin side up. To about 700 pounds of

fish 180 pounds of salt are used.

The dry salting, next to drying, is the most primitive method
employed in preserving salmon. The process consists simply in

splitting the fish up the belly, removing the gills and entrails, and
then filling the belly with salt. The fish are then placed in rows on
matting and covered with salt, and other rows are placed on top of

them until the pile is from 8 to 10 feet high, when the entire lot is

covered with matting and left for about seven days, after which they
are relaid and again covered with salt. For shipping, the fish are

packed in mats.
A very odd feature in connection with the operation of most of

the Japanese plants is that the salt to be used in curing the fish is

usually dumped loose onto some level spot, with absolutely no cov-
ering over it, and exposed to the elements.

The Japanese consume enormous quantities of these dry-salted

salmon. During the Russian-Japanese war the latter country's fish-

ermen were cut off from access to their usual fishing grounds, with the

result that they were forced to look elsewhere for fish. During 1905
and 1906 large quantities were prepared in Alaska, British Columbia,
and Washington for this trade, out as soon as the war ended and the

Japanese got access once more to their old fishing grounds, the Jap-
anese duty on salt fish, which had been suspended during and for a
short period after the war, was reimposed. As a result our fishermen

soon quit the business, and since then operations on this coast have
been almost wholly restricted to Japanese operating in British

Columbia waters.

At the height of the production on this coast Mr. King, the Amer-
ican consular agent at Hakodate, Japan, made the following sugges-

tions to preparers and shippers of dry-salted salmon for the Japanese
trade:

The salmon should arrive in Japan by December 1. Most of these fish are used

among the Japanese for New Year's presents. After the new year the price invariably

declines 20 to 30 per cent, and for a month or two the fish are difficult to dispose of,

as the consumers always stock up before the new year.

The salmon should weigh not less than 5 pounds when thoroughly cured. They
should be free from spots, which are usually found on the salmon if caught in fresh

or brackish water. N o Japanese would think of gi\ang a salmon with red and black

epots to a friend for a New Year's present, and spotted fish never realize more than

half the price obtainable for clean white fish. The salmon should be split up the

belly and should be salted with fine salt. Coarse salt always tears the flesh of the fish

when being rubbed in. Care should be taken that the salmon are not oversalted.

Semga salting is a more improved and sanitar}' method than that

of straight pickling and is used when the fish are being prepared for

the European market. Selected fish are cut open along the belly and
the viscera and gills are carefully removed. In order that the salt may
penetrate the flesh more thorouglily, the flesh on the inside is scored

several times. The fish are then carefully washed and rubbed with

brushes, after which the}^ are kept on ice for 24 hours. The brine

is carefully prepared and very strong. When properly struck the

fish are repacked into barrels.
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"Kolodka" is a very crude and cheap method of saltin?. The fish

are half salted and half dried without being cut open, ana are sold at

the place where prejiared.

The natives prepare a great many salmon for the winter use of

themselves and their dogs, the same as do the Alaskan natives. The
fish are dried without the use of salt. The product is known as

"youkala.''
^ Some salmon bellies are also cut out and salted, although this has

never attained to prominence.
Some fresh salmon, as well as salted, are smoked for local con-

sumption.
Barrels, or tierces, for packing salmon are made from cedar, larch,

or fir, with a net capacity of 900 to 1,000 pounds of fish, and are

bound with wooden and iron hoops.

THE SALMON FISHERIES OF JAPAN.

Outside of Karafuto (that portion of Sakhalin Island, south of 50°

north latitude, which belongs to Japan) and the Kuril Islands, the

salmon fisheries of Japan are comparatively small, the principal por-

tion of the immense catches made by Japanese fishermen being along

the coasts of Siberia and Karafuto.

All of the five species of salmon found on the American side are

to be found in the waters of Sakhalin during the usual spawning
periods.

The dog salmon {0. Jceta), which is known in Japan as "sake," and
when canned as "pink" salmon, is to be found on Hokushu Island,

running up the various streams for spawning purposes from Septem-
ber to December.
On the same island is to be found also the masu {0. masou), a

salmon, according to Dr. Jordan,'^ very similar to the humpback,
the scales being a little larger, the caudal fin without black spots,

and the back usually immaculate. It is fairly abundant in the

streams of Kokushu, the island formerly known as Yezo, and is found
nowhere else in the w^orld. The author had an opportunity to ex-

amine a dry-salted masu (it might be well to state here that in Jap-
anese masu means "trout") at the fish house of the Royal Fish Co.,

in Vancouver, British Columbia, in January, 1916. The manager,
Mr. Emy, had imported the fish from his own country. Botli in

size and general appearance it closely resembled a humpback salmon,
and when cut open the flesh had the same coloring observable in our
humpback. This species, and the true humpback found in more
northern waters, especially in Siberia, are dry salted in immense num-
bers and are generally marketed under the name of "white trout" or

"salmon trout."

In Japan the "red trout" seem to be our rainbow and brook
trouts, which were introduced into Japanese waters some years ago.

The red salmon {0. nerka) is to be found landlocked in Lake Akan in

the northern part of the island. It is smaller in size than the sea

species. This species has been introduced into the waters of Honshu.
The section ot this report devoted to the salmon fisheries of Siberia

treats quite fully of the activities of the Japanese in that quarter.

a Fishes, p. 296. By David Starr Jordan. N. Y.,1907.
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In Sakhalin, or Karafuto, as it is called in Japan, the Japanese
have had a rather checkered career. At one time this island belonged
to the Chinese Empire. Early in the nineteenth century the southern

Sortion was occupied by the Japanese. In 1875 she bartered it to
Russia in exchange for some small islands in the Kuril group. As

a result of the Russo-Japanese war the southern half, or all that
portion south of 50° north latitude, was in 1905 ceded to Japan.
The salmon fisheries of this island are of much importance. For

many years the Japanese had a virtual monopoly of them, but very
earl}^ in the present century the Russians attempted to restrict con-
siderably the activities of the Japanese fishermen, and encouraged
her own subjects to compete with them. Many hundreds of Rus-
sians and Koreans were encouraged to migrate to the island and
engage in its fisheries. Despite these handicaps, the operations of

the Japanese fishermen, according to the statistics shown below, do
not seem to have suffered.

Year.
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of crab moat, the canning of salmon being in most cases a side issue.

A few of the phmts have l)een equippea with machinery, but the

large majority are hand-pack plants, employing but a few persons.

Most of these plants pack what is called "white trout," which is

really the humpback or masu salmon. In 1912 there were in Hok-
ushu and adjacent islands 21 canneries which packed 730 cases (48

one-pound flat cans each) of red {0. nerka) and 72,770 cases (48

one-pound cans each) of "white trout," a total of 73,500 cases.

On the Japanese portion of Sakhalin Island 4 canneries packed
10,120 cases (48 one-pound cans each) of "white trout" in 1912.

The pack of canned salmon in Japanese territory in recent years

has been as follows:

Year.
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FISH CULTURE.

The artificial culture of salmon is carried on in 56 hatcheries, which
are distributed in Hokkaido and the prefectures of Aomori, Akita,
Yamagata, Niigata, Toyama, Kyoto, Iwate, and Miyagi. Nine of

these belong to the government of Hokkaido and other prefectures,
while the rest are owned by fishing associations, individuals, or corpo-
rations. The number of yqung salmon distributed by these hatch-
eries amounts to over 80,000,000 a year.

The largest hatchery is the one at Chitose, under the supervision of

the Hokkaido Fishery Experimental Station. It was established in

1887, and it is estimated that the fish distributed by it number from
20,000,000 to 30,000,000 yearly.

The salmon hatchery of Murakami, Niigata prefecture, dates as

far back as 1881, when a regulation pertainmg to the preservation of

young salmon in the River Miomote was enacted by the prefecture
of Niigata. This was first called the "Murakami Salmon Raising
Plant," but in 1891 it was turned into a hatchery, and is now dis-

tributing 2,000,000 young salmon a year. The salmon hatchery of

Nitta River, Fukushima prefecture, is very similar in its history and
organization to the above.
The industry has during the last few years become very popular in

Yamagata prefecture, where 22 hatcheries are in operation as private
enterprises.

In the prefectures of Shiga, Miye, Shizuoka, Nagano, Yamanashi,
Kanagawa, Akita, Niigata, Hyogo, Miyazaki, and Hokkaido, the
masu {0. masou) and the landlocked hime-masu {0. nerka) are raised

and distributed in the lakes and rivers. There are eight hatcheries
working on these species. The hatchery of Lake Towada, Akita
prefecture, first transplanted hime-masu from Hokkaido in 1902,

and it is now hatching from 5,000,000 to 10,000,000 eggs a year for

the purpose of distributing the fish among the different districts.

o



IMPROVEMENTS IN PROCESS OF SALTING RIVER HERRING,
ESPECIALLY ADAPTED TO WARM CLIMATES.'

By Harden F. Taylor, Technologist, U. S. Bureau of Fisheries.

Contribution from the Fishery I'rodiuts Luborutory, Wasliington, D. C.

INTRODUCTION.

In the warmer parts of the United States it has generally proved
to be diflicult, if not impossible, to preserve certain kinds of fish by
salting, though some kinds appear to be more difficult of preserva-

tion than others. The reason for failure was believed to be that at

warm temperatures the fish spoils before the salt penetrates to the
innermost parts; this belief was verified experimentally in an investi-

gation - in which several improvements in the process of salting

alewives or river herring were evolved. Xo dotibt these improvements
are applicable also to other kinds of fish. As will be seen below,
none of them are really new, but well known procedures were studied
chemically and variations which gave best results were foUoAA'ed

in every case, so that the process is very mtich more successful under
adverse conditions, and the final product is superior in quality.

AVhile the procedure herein described has been quite successful in

a small wa}', it will be understood b}^ all cautious persons that no
unusual methods should be applied on a large scale until their prac-

ticability has been thoroughly established by commercial applica-

tion. In Florida some 80,000 river herring, or alewives, Avere salted

under the supervision of this Bureau in the 1920 season. These were
marketed at a good price, and no complaints were lodged with the

producers, so far as known. It therefore seems proper to make
available in practicable form the details of the process employed for

those who care to try it.

As stated above, the difficulty in salting fish in warm climates

seemed to be dtie to slow penetration of salt and rapid decomposition
of the fish. Obviously, then, any procedure that hastens penetration

of salt and retards decomposition of fish should improve the pros-

pects of success. A number of simple and practicable wa3''s of doing
both of these things were found. For example, it was found that

calcium, or lime, and magnesium, the common impurities in salts

used commercially, retard penetration altogether out of proportion

to the quantities present. A salt consisting of 4.T parts of magnesium

1 Appendix II to the Report of the U. S. Commissioner of Fisheries for 1921. B. P.
Doc. No. 003.

- For original chemical and scientific data on which this papor is based, see " Some
Considerations Concerninic the Salting of Fish," by Donald K. Tressler, B. F. Doc. No.
884, Appendix V, Report, U. S. Commissioner of Fisheries for 1919.
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chloride and 95.3 parts of pure salt required jEive days to penetrate

fish to the extent that pure salt did in three days ; and the same salt

required nine days to penetrate as far as pure salt did in four and

one-half days. It was found that salt applied dry to fish penetrated

fish as deeply in five days as saturated brine did in eight days. It

was found that blood spoiled at a lower temperature than fish flesh,

and that fish containing blood, roe, and milt spoiled at about 65° F.,

while thoroughly cleaned fish could be salted successfully at 90° or

even 100° F. It remained, therefore, only to take advantage of these

principles and to apply certain facts already known from other

sources to hasten penetration of salt and retard decomposition of

fish until they are preserved.

PRINCIPLES OF IMPROVED PROCESS.

The principles will now be taken up and discussed in such a way
that by following in detail the method outlined it is believed any

person can carry them successfully into practice. The principles

are:

1. Careful handling of fish before salting.

2. Thorough cleaning, especially removal of all blood.

3. Use of salt of a high degree of purity.

4. Application of salt in the dry condition.

To these should be added—if the fish are to be stored for any

considerable length of time—storage of fish in brine. (There is

considerable doubt of the feasibility of storing salt fish in very warm
climates; until this subject is investigated it seems advisable to hold

only in cool storage.)

These principles are known, at least in part, to many experienced

salters of fish, yet the combination of them all is rarely or never fol-

lowed. The great difference that is made in the quality of salt fish

by following them will be readily observed upon comparing the

product with that of ordinary processes.

1. Careful handling of fish before salting.—Two precautions

are particularly important under this head, namely, to avoid bruises

and to avoid warmth. Bruises promote decxDmposition of fish in the

same way that they cause fruits to rot. Therefore, fish should not

be forked, walked on, squeezed when taken from nets, nor packed deep

in boats, boxes, or barrels, and care should be exercised to see that

they are not crushed or bruised by large chunks of ice. Warmth, as

every fisherman knows, hastens decomposition. It is best to put the

fish in finely crushed ice immediately after capture, but if not so

treated they should be kept as cool as possible and should be salted

with the least possible delay. It is well to remember that fish are of

about the same temperature as that of the water from which they

come, and therefore fish taken from warm water should be handled

more expeditiously than those from cold water. Fish should be

shielded from direct sunlight and should not be allowed to dry,

as the skin shrinks and loses its luster if dried.

2. Thorough cleaning, especially removal of all blood.—It has

been found in the case of river herring that blood spoils at a much
lower temperature than flesh. These fish can be salted at from 90° to

100° F. or higher if the blood is all removed, while those containing
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blood will sour if salted at 05° F. In cool climates the blood may be
loi't in the fish it" desired, as it imparts a distinct flavor, for example,
in till' Scotch method of curinp; herrinj^. But in warm climates,
Avhere conditions are unfavorable at best, there is no choice but to
remove everj^ trace of blood as well as all entrails and roe and the
head. To do this it is necessary to behead the fish, take out entrails,

scrape the kidney out (the bloody strip lyin<^ under the backbone),
and wash the fish thorou<2:hly. (A 20-penny wire nail, the head of
which has been sharpened with a file, makes a convenient instrument
for scrapinpf out the kidney.) Lar<j:e fish may be split throufih the
back and laid oi)en. The Avashin<>: should ]:)referably be done by
rousin<r the fish in brine of about the stren<rth of sea water, but it

may be done in cold fresh water. In the case of alewives or river
herrino:, the washin<j operation should also serve to remove scales by
vijrorous rousing. It may seem that if the blood spoils at 65° F.
the meat of the fish would not necessarily be ruined. But the taint

of spoiled blood is suflicient to make the entire fish unfit for food. It

is also probable that the presence of blood may initiate a kind of
decomposition of the flesh.

3. Use of salt ok a high degree of purity.—This is the most im-
portant factor in saltin^^ fish in warm climates; yet some people are

inclined to question the truth of this statement. Fishermen sjen-

erally have no first-hand way of knowinj^ whether or not any par-
ticular lot of salt is pure, as neither the looks of salt nor the claims
of advertising: matter are always reliable indications of purity. By
purity is meant not cleanness but the scarcity of foreign sulDstance

in the salt. Salt may be highly impure yet perfectly white and very
fine and clean, for the two most objectionable impurities, lime and
magnesium salts, are white, like salt. On the other hand, salt may
be dirty or colored, and yet if lime and magnesium salts are absent
may penetrate and preserve the fish.

It is therefore necessary to have a salt of a very high degree of
i:)urity ; that is, with less than 1 per cent total impurity. There are
grades of salt on the market containing a total of less than one-
tenth of 1 per cent impurity.^ These salts are especially suitable for
salting fish by this method. Chemical analysis is the only reliable

guide to purity; most reliable dealers are able to give the correct

analyses of their brands of salt, and these figures should l)e required
before purchase. The figures for sodium chloride (pure salt) should
be 99 per cent or over—the higher the better. 99.96 per cent some-
times appearing. The figures for calcium (lime) and magnesium
salts should be as low as possible. It makes little difference whether
they are sulphates or chlorides, any salt in which calcium and mag-
nesium taken together are more than 1 per cent should be looked
upon with suspicion for salting fish in warm climates.

The presence of moisture does not cause the salt to be unsuitable.
If moisture is present, as it usually is, allowance should be made for
it; pure salt (sodium chloride) and moisKire added together should

1 Xamos of manufacturers of i?atisfartory brands of salt will be supplied on application
to this Bureau : also if analysis of a salt is furnished,, the Bureau will, upon request, give
opinion as to its suitability for curing flsh.
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exceed 99 per cent. The following example will illustrate the point.
A chemical analysis of some lot of salt is, let us say

:

Per cent.

Sodium chloride 97. 50
Moisture 2. 00
Magnesium chloride . 2.5

Calcium sulphate . 2.5

Total 100. 00

This analysis shows only 97.5 per cent pure salt—Avhich might not
appear suitable for fish. But allowance must be made for the harm-
less moisture joresent. Strictly calculated, after this allowance is

made, there is found to be 99.49 per cent pure salt
;
practically the

same result (though not absolutely correct), 99.50 per cent is the sum
of j)iire salt and moisture. The sample is therefore very pure and
suitable for salting fish.

Calcium and magnesium in salt, even in small quantities, greatly
retard penetration, so much so that in warm weather the fish may
spoil before the salt strikes through. But in cold weather in north-
ern climates salt containing considerable quantities of these sub-

stances may be used successfully. It will be noted by those who use
highly purified salt that the fish do not become white and firm as

they do with ordinary Turks Island, Trapani, or other crude salt.

The lime and magnesia have a hardening effect on fish, and they
whiten the flesh by coagulating it, as heat whitens the white of egg.

Nevertheless, the somewhat yellowish, soft fish, produced in pure salt

is equally as well preserved as the hard fish in crude salt, is milder
and richer in flavor, and soaks out more quickly. This may be some-
what difficult to introduce in a market that has been accustomed to

a hard, white fish, but the consuming public should not be long in.

discerning the superiority once the purer fish is distributed.

It may be objected that pure salt is too expensive. The crude salt

may be, let us say, $10 per ton and pure salt $25, a difference of $15
per ton more for the pure grade. Fifteen dollars per ton is three-

fourths of a cent per pound ; about 35 pounds of salt will suffice for
100 i^ounds of fish. The difference in cost for salt is therefore about
27 cents per 100 pounds of fish, or one-fourth of a cent per pound on
the basis of the above assumption. The loss of a few barrels of fish

(including the labor that was put upon them) will cover the cost of a
large pile of pure salt. In very warm climates, in salting river

herring, pure salt is necessary to safety.

4. Application of salt in the dry condition.—There is very ex-

tensive business in both dry salting and brine salting or pickling fish.

In the case being considered, where the greatest speed of penetration

is necessary, the dry salt must be used, for, applied in this way, it

penetrates much faster than brine. Again, the fisherman fortunately

located in a cool country may follow his discretion, but the fisherman
who works under the handicap of a warm climate will find it neces-

rary to use the salt diy.

About 35 pounds of salt to each 100 pounds of fish is sufficient, if

Avell distributed. The fish should be rolled in the salt (which should
be fine grained), the belly cavities filled, and the fish packed backs
down in tubs so as to hold the salt until it dissolves. These tubs may
be made by sawing barrels in two in the middle. A weight should be
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placed on the fish to keep them from floatinfr, but not suificient to

press or crush the fish. If barrels are used they should not be filled

at first, as the pressure will l)e too <;reat on the fish at the bottom,
but after the fish are struck throu<j^h barrels may be packed full.

The reas(m for usino; dry salt is not difficult to see. It is the brine

or salt immediately in contact with the fish that acts on the fish.

If brine is used, the water coming from the fish dilutes it and it

rapidly becomes less effective unless the fish are continuously stirred
;

but if dry salt is used, the water comin*:^ out of the fish immediately
becomes saturated with salt, so that the brine in contact with the fish

is saturated at all times.

If the brine is warm, the fish may be struck through in less than
24 hours, but ample time should be allowed. It appears that the
warmer the brine, the faster it penetrates ; and also the faster the fish

spoils; there should be therefore some temperature which would give

the most rapid penetration without excessive decomposition, but this

temperature has not been determined. One soon learns to tell by
the appearance of fish after it is broken through the backbone
whether or not it is struck through.
Shipping or storage of fish in brine.—If for immediate market,

the fish may be taken from the brine and shipped at once. This in-

volves draining off the brine, appljdng some more dry salt, packing
the fish in sugar barrels or other containers, and shipping. In this

condition the herring are excellent, but will not keep long, as the fat

will rust and become rancid. In case the fish are to be held for a

period of weeks or months, it will be necessary to keep them under
brine at all times for the purpose of excluding air which causes the
fat to rust. They should be allowed to remain in their original brine,

strong, tight barrels being used. The barrels should be quite full of
fish, and there should be a slight excess of undissolved salt. The
barrel sliould be tightly headecl, turned on its side, and nearly filled

with brine through the bunghole, leaving slight space for expansion,
and then bunged up. It should be stenciled or otherwise marked
to show the nature and net weight of the contents. In very warm
climates there is need for investigation of storage conditions under
which salt fish can be kept successfully ; until the subject is investi-

gated, it is recommended that if fish are to be kept for any consider-

able time, they be placed in cool storage.

Su:mmaky.—If the method is followed as herein described, river

herring (and possibly other fishes) may be salted under surprisingly
unfavorable conditions of temperature; the cured fish will be sweet
and mild ; they will soak out readily, and be free from the acrid
salty taste characteristic of fish that have been cured in salt contain-
ing calcium and magnesium. They will be softer and less white or
chalky in appearance than fish cured in crude salt, but these dif-

ferences should be regarded as marks of superior quality.

Numerous recipes for cooking salt and smoked fish will be found
m Economic Circular No. 29, " Why and How to Use Salt and
Smoked Fish," published by the Bureau of Fisheries, and sent free
on application,

o
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INTRODUCTION.

The fishes of the Yellowstone National Park constitute one of the
most interesting and noteworthy attractions of that wonderland.
The special appeal which the fishes make to the park visitors comes
partly from the beauty, gameness, and variety of the fishes, and
partly from the inspiring environment in which fishing may be done.
Among the wild, backboned animals in the park the fishes are the
only ones whose killing is allowed and encouraged by the park
authorities. The greatly increased number of visitors to the park
in recent years has brought the fishes into unusual prominence and
necessitates renewed efforts to maintain the supply by means of
artificial propagation and protection.

It is hoped tnat this little document relating to fishes and fishing
may serve a useful purpose beyond merely furnishing information
for anglers. Increased knowledge of the park fishes should have the
efl'ect of increasing the public appreciation of the extraordinary
opportunity for healthful recreation that the park affords, and at

I Appendix III to the Report of the U. S. Commissioner of Fisheries for 1921. B. F. Doc. 904.
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the same time should cUscom-age unnecessary destruction of fish life

and develop a spirit of cooperation with the Government agencies
that are striving to maintain the fish supply.
The present report is a revised and amplified edition of the one

published by the Bureau of Fisheries in 1915.- The exhaustion of

the supply of that document and the continued public demand for
information on this subject, together with the availability of new
data on the fishes, make this publication desirable.

INDIGENOUS FISHES.

The native fish life of the park was profoundly affected by the great
lava flow which occurred over a large part of the park in Pliocene
times. Wliatever fishes were then present were necessarily killed,

and, with the reestablishment of the watercourses after the cooling
of the surface of the lava, fishes in outside waters were to a great
extent prevented from reaching the lofty plateau, which comprises
most oi the area of the park, by the high and steep falls over which
the streams leave the lava beds.

It thus follows that the native fish fauna of the park is very limited.

Except in Yellowstone River and its tributaries practically no fishes

occur naturally above the falls, and in the extensive basin of that
river the few species that do exist gained access to the region above
the falls because of the imperfect watershed separating the Yellow-
stone and the Snake River basins.

The original comparative barrenness of the park in fish life was due
entirely to topographical conditions. The physical character of

the waters is, in general, highly favorable for fishes, and an examina-
tion of the streams and lakes of the park by Prof. Forbes in 1S90'*

disclosed the presence in certain barren waters of an abundant in-

sect and crustacean food well suited for sustaining certain kinds of

fishes. Tlie theory that would account for the original absence of

fishes in particular park waters as due to the high temperature and
chemical constituents of the great volumes of water flowing from the

geysers and hot springs is entirely untenable for several reasons:

First, native trout abound and flourish in various streams and lakes

in close proximity to the outpourings of geysers and hot springs, and,

secondly, both native and exotic trouts have been successfully planted
in barren waters receiving the discharge of geysers and hot springs.

The fishes of natural occurrence in the park represent 10 species,

as follows: Longnose sucker, rosyside sucker, chub, silverside min-
now, longnose dace, dusky dace. Rocky Mountain whitefish, red-

throat trout, Montana grayling, and blob. Of these only the trout

and the grayling have generally been recognized as game fishes,

although the whitefish might properly be so considered. While these

were very abundant in certain waters, the annually increasing num-
bers of angler-tom'ists in the park made it desirable to augment the

natural supply of game fishes by the introduction into barren waters
of selected species of other game fishes.

- The fishes of Lhe Yellowstono, National Park. By William C. Kendall. Bureau of Fisheries Document
No. 818. 1915.

3 A preliminarj- report on the aquatic invertebrate fauna of the Yellowstone National Park, Wyo., and
the Flathead region of Montana. By S. A. Forbes. Bulletin U. S. Fish Commission, vol. xi, for 1891,

n. 207-258, pi. xxxvu-xm. 1893.
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INTRODUCED FISHES.

In immediate response to the outcome of investigations to deter-

mine the siiitahihty of (ishless park waters for game fishes, the Bureau
of F'isheries in 1SS9 inaugurated tlie phinting of seh'cted species in

predetermined waters, and this work has heen continued to the pres-

ent time. The one species of native tiout was soon suppk'mented
by the very successful introduction of five other trouts, and in a siiort

time the park became an angler's paradise, affording better and more
varied trout fishing than could be lound anywhere else in the country,

if not in the world.

The nonindigenous trouts that have been introduced into park
waters are the rainbow, Loch Leven, brown, lake, and eastern brook
trouts, all of which have become firmly established. The distribu-

tion of the native redthroat trout has been greatly extended into

previously barren waters. The introduction of two other game
fishes has been attempted, but apparently without positive results.

One of these is the landlocked salmon (Salmo sehago), of which 7,000
fry were planted in Yellowstone Lake and 2,000 in Duck Lake in

1908, but not a vestige of these plants has ever been seen. The other
species is the largemouth l)lack bass (Micropterus salmoides), of

which 500 fingerlings were planted in "lakes in Yellowstone National
Park," according to the indefinite official record. These lakes arc

thought to have been Feather Lake and Goose Lake, in the Lower
Geyser Basin. An earlier plant of 250 black bass was made in the
Gibbon River, in 1893, but it is not known which of the two species

of black })ass composed this plant. There is no evidence of the
survival of black bass anywhere in the park, and this may be regarded
as a fortunate circumstance. In our opinion, there should be no
further attempts to establish black bass in the park, as they do not
harmonize with the trouts, and their predatory habits make them
unsafe species to introduce among the soft-finned fishes which, with
two minor exceptions, constitute the local fauna. The only other
species of fish that has been introduced into park waters is the yellow
perch, whose planting was unofficial and is apparently to be ascribed

to the unauthorized act of a private individual. This fish now
abounds in certain lakes in the Lower Geyser Basin.

FISH CULTURE IN THE PARK.

The hundreds of thousands of visitors who have already been in

the park and the millions of others who are destined to visit it owe
to fish cultm-e and fish acclimatization a debt whose value can hardly
be estimated. Within a few years after experienced fish-culturists

began to give attention to needs of the park the hitherto fishless

waters began to produce desirable game fish in abundance, and this

has continued up to the present time. The early work, as well as the

efforts of the fish-culturists of late, has been directed mostly to

maintaining the supply of fishes already established.

For many years the Bureau of Fisheries has conducted fish-

hatching operations in the park. The first hatchery was located at

the Thumb of Yellowstone Lake; the principal hatchery now is on
the lake shore near the Lake Hotel. In 1921 a permanent hatchery

was erected on Soda Butte Creek, which had been the site of a field
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hatchery for a number of years. The hatcheries are maintained, pri-

marily, for the pm-pose of keeping up the supply of redthroat trout.

The redthroat trout is the only local trout which spawns dm-ing
the season when the park is easily accessible and when it is possible

without unwarranted effort and expense to obtain a supply of run-
ning water for hatching purposes. The adult fish begin to ascend
the streams that are put into flood by the melting snows and they
continue to run until the latter part of July. Some fish, however,
doubtless spawn also in Yellowstone Lake and other large lakes.

The principal supply of eggs for hatching purposes comes from
creeks on the eastern side of Yellowstone Lake. Into these creeks
the trout run at spawning time and across them the fish-culturists

erect intercepting barricades or racks. These racks are provided
with narrow passageways that lead into traps in which the fish

congregate. The trout are transferred to live cars, where they are

held pending the ripening of then- eggs. At the proper time the eggs
are stripped from the fish and held at improvised field hatcheries

pending shipment to the central station. The adult fish are released

alive.

The questions naturally arise. Why not let the trout run up the

creeks and spawn naturally ? Why not permit the eggs to hatch in

the manner intended by nature and let the young remain for awhile

in the water where they were born and then run back to the lake at

the proper time ? These questions, which will, no doubt, be asked
by many thoughtful park visitors, afi^ord an opportunity to indicate

one way in which it is possible to improve on nature and to point out
why in the Yellowstone National Park, as elsewhere, it is desirable

or necessary for the fish-culturist to go to nature's assistance.

The streams in which the redtlu-oat trout spawn are usually much
swollen at the time of the run. Pushing upstream energetically,

the fish often go far from the lake and deposit their spa^vai during
high water in places which later, with the complete melting of the

snow, may become exposed to the air. Heavy losses of eggs occur

in this way. If conditions are favorable for the laying and hatching
of the eggs in streams that may be raging torrents in spring and
early summer, it frequently happens that by July and August such
streams become almost dry, are cut off from the lake and reduced
to disconnected pools, and the young fish necessarily perish sooner

or later.

The adverse conditions occurring in nature make it probable

that at best only 5 or 10 per cent of the eggs produce fry that reach

the feeding stage at which the hatchery turns the fish loose. On
the other hand, fully 90 per cent of the eggs taken by artificial

methods are safely mcubated and yield fry that are liberated in

selected places—along the lake shore or near the mouths of open
creeks where there is a good prospect of survival.

There are still a few Ashless waters in the park, but each season

additional lakes and streams are stocked and ultimately all waters

suitable for fish will have received attention. In 1919 Mallard

Lake, a beautiful mountain gem not far from Old Faithful Inn, was
found to be fisliless and was planted with eastern brook trout. This

seems destined to become a favorite angler's resort. Other waters

I
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recently stocked with redthroat trout for the first time arc various

lakes in the southwest section of the park.

PRINCIPAL FISHING WATERS.

The fishing season in the park does not ordinarily be^in before

July, by which time, according to one of the angling writers here-

after cited, " the plethora of water has disappeared and the streams
flow swift, clear, and cold. At this season of the year trout fishing

is at its best."

Information regarding the fishing in various localities may be
found in the annual reports of the superintendent of the park,

particularly the report for 1897, and in the annual circulars of in-

formation issued by the National Park Service. The following

Eublications pertaining wholly or partly to fishing in the park may
e consulted for detailed or special data:

Fish in the National Park and tributaries of Snake Eiver. By J. E. Curtis. Bul-

letin U. S. Fish (Commission, vol. iv, for 1884, p. 335-33(5.

A reconnoissance of the streams and lakes of the Yellowstone National Park, Wye,
in the interest of the United States Fish Commission. By David Starr Jordan.

Bulletin U. S. Ksh Commission, vol. ix, for 1899, p. 41-03, with map and many

A reconnoissance of the streams and lakes of western Montana and northwestern
Wyoming. By Barton W. Evermann. Bulletin U. S. Fish (Commission, vol. xi,

for 1891, p. 3-GO, with j)lates and maps.
A woman's trout fishing in Yellowstone Park. By Mary Trowbridge Townsend.

Outing, vol. XXX, no. 2, May, 1897, p. 163-164.

A list of the fishes of Montana, with notes on the game fishes. By James A. Hen-
shall. Bulletin of the University of Montana, No. 34, Biological series no. 11. 1906.

Wyoming summer fishing and the Yellowstone Park. Bv Ralph E. Clark. Out-
ing, vol. Lii, no. 4, July, 1908, p. 508-511.

Fly fishing in wonderland. By Klahowya (O. P. Barnes). 5G p. 1910.

The Yellowstone National Park. Bv Hiram Martin Chittenden. Fishes, p. 210-

212. 1915.

The following annotated list of park fishing waters is based partly

on information kindly furnished by Col. L. M. Brett, United States

Army, formerly acting superintendent of the park; partly on notes

taken from the works before cited; partly on observations by A. H.
Dinsmore, of the Bureau of Fisheries, in 1919 and 1920; and partly

on the senior author's observations in 1914 and 1919.

YELLOWSTONE LAKE.

Yellowstone Lake is one of the most beautiful lakes in the world.

It and some of the tributary creeks abound with the native or red-

throat trout. There appear to be no other game species in the lake.

Landlocked salmon planted in 1908 and 1909 have not been seen
since. The rainbow trout, planted at the same time in some of the
affluents, have sho\\ai no evidence of establishment, excepting on the

statement of Mr. Croley. a hotel fisherman for 12 years, to the effect

that he had seen only one fish other than the blackspotted trout.

This fish "looked different and had a broad side band" and was
thought to be a rainbow.

In 1919 the senior author found the water of Flat Moimtain Arm,
though shallow, distinctly colder than in the lake, evidently o^ving

to the inflow of springs and the creek at its head. Near the head of
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this arm he found the largest redthroat trout met with in the park,

fine, clean, trim, vigorous fellows, not like those observed elsewhere.

All suitable tributary creeks contain redthroat trout. The most
notable creeks on the east side of the lake, enumerated from north to

south, are: Pelican, Cub, Clear, Columbine, and Beaverdam Creeks.

All contain native trout. Sylvan Lake, which discharges through
Clear Creek in times of high water, contains a few trout. It is a

beautiful mountain lake, clear and moderately cold. Ralph E. Clark

said of Pelican Creek

:

One mile east of Yellowstone River outlet is Pelican stream, which rises in the cold

snows of the mountains and empties its waters into the lake. Here you catch quan-
tities of uncontaminated trout, large, beautiful, fat, and gamy, as free from worms
as the fresh cold waters they swim in are free from pollution.

On the west side of the lake, named in the same order, are Bridge

Creek, entering Bridge Bay; Arnica Creek, an affluent of the north-

west side of the Thumb; vSolution Creek, a small, narrow stream, with

lava bottom and grassy banks bordered with willows, the outlet of

Riddle Lake, sometimes going dry. Riddle Lake, so called because

of the former mystery of its outlet, is a clear pond of roundish outline,

about H miles in diameter, about whose outlet are numerous lily

pads and other plants. Its shores are shallow, and its bottom is

chiefly of lava gravel. The temperature is about 50° F. Trout are

numerous.
Near West Thumb is another small, deep-set lake, named Duck

Lake, which has no outlet. It formerly contained no trout, but red-

throat trout and landlocked salmon were planted in it. Redthroat
trout now appear to be abundant, but landlocked salmon have never

been observed. However, the senior author found good-sized Loch
Leven trout common in 1919.

Grouse and Chipmunk Creeks enter opposite sides of the southern

end of the South Arm. Besides these there are numerous unnamed
creeks, some of which go dry in summer. One, however, flowing into

Flat Mountain Arm, was found by the senior author on July 17, 1919,

to contain more water than many of the other creeks around the lake,

probably never going dry. A creek that will flow as did this one

during a period of drought, with the lake level one-third lower than

ever before known, must be permanent. The creek, unnamed on the

available maps, clear and cold, with beautiful green, grassy banks
with trees here and there, meanders to an, extraordinary degree

through a broad, open valley, flowing over a gravelly bed, now with

riffles, now with deep holes, making a charming trout brook. At its

mouth is a flat mucli frequented by elk. This creek was found to

contain numerous trout of season's hatch; some 3 to 5 inches long

of the previous season; and older fish up to 12 inches in length.

YELLOWSTONE RIVER ABOVE THE LAKE.

Above the lake the Yellowstone River winds through marshy
meadows, between wooded hills, behind which are the rugged peaks

of high volcanic mountains. The current is sluggish, and, according

to Mr. Dinsmore, the fall is so slight that it would be a comparatively

easy matter in times of ordinary flow to travel by canoe the entire

distance from the lake to the southern boundary of the park.
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The principal tributaries of this f)()rti()ii of the river from the hike

southward on the k'ft arc Cal)in, Trappers, Mountain, Chfl', Escarp-

ment, and Thoroughfare Creeks. On the otlier side in the same

direction are Badger, Piilox, and Lynx (Veeks. Good fishing is found

in the river and in the creeks high up where they meander from the

mountains.

YELLOWSTONE RIVER BELOW THE LAKE.

Below the lake to the upper falls there is no great descent, and the

river flows for about 15 miles with a quiet current. Here its banks

are bordered with low hills, some of them wooded, others forming

open pastures. On the right side going northward the principal

creeks are Cotton Grass and Sour Creeks, which unite to discharge

their waters into the Yellowstone not far from Alum Creek on the

opposite side of the river. On the west side of the river is Trout

Creek, which is a clear stream, with grassy banks and gravelly

bottom. It has a summer temperature of about 58° F. and is a good

trout stream.
Alum Creek is a clear stream about 8 feet wide and 1 or 2 feet

deep, rising in the Continental Divide opposite the head of Nez
Perce Creek and flowing eastward thirough the grassy fields of Hayden
Valley. Its bed contains much white alkali from the hot springs

above, and there is a perceptible alkaline taste to the water, which
has a temperature of about 60° F. in summer. In its upper course

it has some hot tributaries. One of these is Violet Creek, with a

number of hot springs and mudholes. Still another fork is charged
with alum, but a third branch is said to be one of the best redthroat

trout streams in the park.

YELLOWSTONE KIVEK AND BRANCHES BELOW THE FALLS.

About 15 miles below the lake the river plunges into a deep canyon
over two vertical falls 109 feet and 308 feet in height. This remark-
able canyon is more than 20 miles long, with nearly perpendicular
walls 800 to 1,100 feet in height. The current below the falls is

swift until the river leaves the park.
The most important eastern tributary of the Yellowstone River

is Lamar River. It is a large stream, sometimes referred to as the
East Fork of the Yellowstone. It joins the Yellowstone not far
below Butte Junction. There are many tributary creeks of various
sizes, particularly on the north and northeast side. The principal

of these are: Miller, Calfee, Cache, Soda Butte, joined by Amplii-
theater and Pebble Creeks; Slough Creek, the largest branch of wliich
is Buffalo Creek. On the west side the creeks are smaller than
most of those of the other side, the principal ones being Cold, Willowy
and Timothy, near the upper course. Chalcedony Creek is farther
down, and all but Cold Creek are in rather deep ravines near the
river. Cascade Creek is a clear brook a few feet wide which enters
the Yellowstone between the falls. The high, nearly vertical

'

' Crystal
Falls" (129 feet) is near the mouth of the stream and, of course,
prevents the ascent of fishes. Redthroat trout w^ere once planted
above the falls.

62806°—21 2
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Lamar River and most of its tributaries are inhabited by native
trout. The junction of Yellowstone and Lamar Rivers is noted for

fine fishing. Soda Butte is well stocked up to near its head, where
a waterfall keeps the fish back. According to Mr. Dinsmore, Fish
Lake, where the Bureau of Fisheries has for a number of years col-

lected native trout eggs and where in 1921 a small hatchery was
established, is a very remarkable water, with an area of only 75
acres. It contains a dense growth of vegetation, which in the late

summer blossoms near the surface. After sundown the fish, which
average about 2 pounds each, will come up out of the weeds and
take gray-hackle flies almost as fast as they can be placed upon the
water.
Slough Creek is said to be well stocked with trout up to the lakes

at its head, only one of which, Lake Abundance, in Montana, con-
tains trout.

Hellroaring Creek, which joins the Yellowstone from the north
below the mouth of Lamar River, is abundantly supplied with native
trout in its lower part.

The tributaries of the west side of the Yellowstone worthy of men-
tion all enter this river below the Grand Canyon. The uppermost
is Antelope Creek, which joins the river not far from the mouth of

Tower Creek. It contains native trout. Tower Creek, for almost
its whole length, is hidden in dense forests. Its current is swift,

and it is perhaps the coldest stream in the park, the summer tempera-
ture being about 45° F. Carnelian Creek is one of its upper branches.
About one-fourth mile from its mouth the creek forms a singularly
picturesque, quite vertical fall of 132 feet, which is surrounded by
lofty towers of volcanic conglomerate. Below the falls is a deep
canyon, where the stream is about 10 feet wide and shallow. The
waters above the falls were barren previous to the introduction
of eastern brook, rainbow, and redtlu-oat trouts.

The lower tributaries of the Yellowstone in the park are Geode
Creek, Blacktail Deer Creek, and Gardiner River. Geode Creek is

small. Rainbow trout planted in it in 1909 have not since been
observed. Blacktail Deer Creek is a clear, rather cold (55° F.)

stream running largely through open pastures, with willows along
its course. It has no canyons or falls. Its bottom is of laval gravel
and rocks, with some water weeds. In summer it is usually 5 or 6
feet wide by 1 or 2 feet deep and is well stocked with native red-
throat trout and lainbow trout. Eastern brook trout were planted
in 1912, 1913, and 1914.

GARDINER RIVER AND ITS BRANCHES.

In the park Gardiner River may be said to be formed by two
branches, designated on the maps as Lava Creek and Gardiner River,
but the latter is sometimes referred to as the "Middle Fork."
Lava Creek is a clear, mountain stream in its upper course, flowing

through evergreen forests on the north side of the mountain range.
The stream is normally about 10 feet wide and 1 or 2 feet deep.
Toward its mouth it cuts its way into a broad, flat shelf of lava, form-
ing two falls about one-tenth of a mile apart. The upper falls, called
Undine Falls, are vertical for about 30 feet, with two additional leaps
of about 20 and 10 feet. The lower falls are vertical and about 50
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feet high. Below these falls the stream flows throu<2;h a hij'lily

picturesque canyon, joining Gardiner River above Mammoth Hot
Springs.

Lupine Creek is a small tributary of Lava Creek, entering it above
the falls. Near its junction with Lava Creek this creek has a cascade
about 100 feet higli called Wraith Falls. Notwithstanding the bar-
rier ofl"ered by the falls, l)i-. Jordan said that it was reported on good
authority that small trout had been taken in Lava Creek above the
falls. His attention was called to a possible means of access from
Blacktail Deer Creek to Lava Ci'eek in times of high water. In Lava
and Lupine Creeks the only trout is the native redthroat. Below the
falls native redthroat and Loch Leven trouts occur in Lava Creek,

Gardiner River, or Middle Fork, rises on the east slope of the
Gallatin Mountains in the northwestern part of the park. It flows
eastward, southward, then abfuptly northward, bending around
Bunsen Fonk and forming a deep canyon, toward tlie h(\id of which
are Osprey Falls. Gardiner Canyon is some 800 to 1,000 feet deep,
with vertical walls of lava, basalt, etc., and in grandeur is surpassed
only by the Grand Canyon of the Yellowstone. Osprey Falls are
about 150 feet high and nearly vertical. The principal headwaters
of the Gardiner are Fawn, Panther, and Indian Creeks, which, with
their branches, unite near wSeven-mile Bridge. Winter and Straight
Creeks unite into one stream and join Obsidian Creek to form Willow
Park Creek, which also joins the Middle Fork near Seven-mile Bridge.
Obsidian Creek originates in or near Twin Lakes, according to Jordan,
and some of its branches in other spiall lakes, notably Lake of the
W^oods, which flows into Beaver Lake. At first the creek is very
small, and its course for 2 or 3 miles is full of hot springs, solfataras,
boiling mudholes, and various similar heated areas. Lower down
cold springs enter the stream, and at Beaver Lake the water is clear
and cold. Beaver Lake is a shallow, grassy pond, about a mile long,
formed in the stream by the beavers. Eastern brook trout are re-

ported as plentiful, but the rainbow trout, also planted there, have
never been heard of. Below this lake the creek receives the clear,

cold waters of Winter Creek and Straight Creek.
Winter Creek is a large stream which heads in Christmas Tree Park

at the foot of Mount Holmes. Straight Creek flows through dense
woods, open grass-grown meadows, and narrow canyons. It is a
very pretty stream, with many riffles and deep holes behind pros-
trate logs, and wide, shallow, gravelly reaches. In the course of
Straight Creek is Grizzly Lake. It is a gem, with steep, wooded
banks, clear, cold water, with shelving bottom and quite deep center.
After their iunction the waters of those creeks, under the name of
Willow Park Creek, flow thi'ough Willow Park, a large mountain
meadow, at the foot of which it meets the waters of Indian Creek and
the others which have been mentioned, forming the Middle Fork of
Gardiner River. Indian Creek is a clear, cold stream similar to the
Gardiner.

All of the aforementioned creeks, previously barren, now teem with
eastern brook trout, the only trout occurring in them. Jordan re-

ported that Obsidian Creek with Winter Creek was one of the best
eastern brook trout streams in the park. Its summer temperature
is about 50° F. Its bottom is composed of laval gravel, lined with
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grass, algae, and other water plants in which small crustaceans abound.
The senior author observed that Straight Creek teemed with brook
trout of all sizes up to 12 inches long. Hundreds, mostly about 6 or
7 inches long, were observed. The fish were the most beautifully
colored seen in the park. Males only 3 or 4 inches long showed the
brilliant coloration of the fully developed fish in breeding season.
Females 6 inches in length and upward had well-developed eggs.
Grizzly Lake contains very large brook trout.

Above Osprey Falls the Gardiner is a clear, cold stream, having a
temperature of about 50° F. The bottom is composed of numerous
stones and bowlders, and there aire many deep holes. This previously
barren stretch of water now contains the introduced eastern brook.
Loch Leven, brown, and rainbow trouts. About halfway down from
the falls to the junction with the East Fork Glen Creek joins the river
on the left side . Glen Creek has been called the West Fork of the Gardi-
ner. It rises in the Sepulcher Mountain region and flows southeast to

Swan Lake outlet, thence northeast, joining the Gardiner at the foot
of the canyon. It is a small stream, only 5 or 6 feet wide and 1 or 2

deep, which runs mostly through open meadows, with gravelly and
grassy bottom. Its waters are very cold, about 48° F. in summer.
Glen Creek has a waterfall some 70 feet high, known as Rustic Falls,

at the Golden Gate near the base of Bunsen Peak. A small lake in

the vicinity of Sepulcher Mountain was stocked with eastern brook
trout in 1912, but the results are as yet uncertain. Below the falls

the deep canyon is so choked with bowlders and talus that fish can not
ascend it.

Swan Lake is a small, roundish pond about a half mile long, with a
bottom of crumbled lava. While the water near shore is very shal-

low, the depth at the center seems considerable. The water is clear

and cold and abounds with insects and crustaceans.
Eastern brook trout abound in the creek above the falls, but those

planted in Swan Lake, it is said, seem to have left the lake for the small
streams, as they have not been found in the lake. Near the junction
of the Gardiner with the East Branch the stream is rough and bowlder-
strewn, but of a good volume, much like the Gibbon in character.

The lower course of the Gardiner below the falls is well stocked with
native redtlii'oat trout and introduced eastern, rainbow, and Loch
Leven trouts. Indigenous whitefish, suckers, and minnows also occur.

Below Mammoth Hot Springs the scalding waters of those springs

discharge through ''Hot River" into the Gardiner. It is said that in

winter native trout are especially abundant at the mouth of the
stream.

GIBBON RIVER ABOVE FALLS, GREBE AND RAINBOAV LAKES.

Gibbon River issues from Grebe Lake, which is located in a marshy
area in the highlands. Grebe Lake is about a mile long and is one of

the most attractive small lakes in the park. It was stocked with
redthroat trout in 1912, but the results are not definitely known.
Approximately a mile or a mile and a half below Grebe Lake is

another small lake visited by the senior author and Mr. Dinsmore in

1919. They proposed to name it Rainbow Lake. The lake drains a

very extensive marshy area whose arms extend far into the hills,

with greatly meandering, clear, cold streams. The lake has a gravelly
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bottom, gently sloping shores, iind a deep center. At several points

are extensive beds of yellow water lilies, and the mouth of the large

main affluent is covered by the same plants. Large rainbows fre-

quent the lake and the edluent, and smaller fish abound in all the

minor streams.
Gibbon River emerges from the southeast corner of Rainbow Lake.

About a mile below the lake are hot mineral springs which discharge

into the river, anil for a mile or more the water is warm, distinctly

impregnated, and (ishless. Then cold springs entermg the ri\er from
the hillsides render the stream again inhabitable by trout, wliich occur
all the way to the L'pper Falls of the Gibbon. These falls are too high
to permit of the passage of fish upward.
From Virginia Cascade to Norris Station the river, with Solfatara

Creek, affords line fishing for eastern brook trout. Mr. Dinsmore
reports that on July 26, 1919, he had wonderful fishing for tliis species

and no other species was observed in this section of the river, although
rainbows occur above Virginia Cascade and in the Gibbon below Norris
Station.

Below the falls Canyon Creek, entering the river from the eastward,
contains redthroat trout. From the falls to the junction of the Gib-
bon with the Madison the fish are the same as those occuring in the
Madison and below the cascades of the Firehole.

MADISON RIVER AND ITS BRANCHES, FIREHOLE RIVER, NEZ PERCE
CREEK, LITTLE FIREHOLE RIVER, ETC.

Native redthroat trout, wliitefish, and grayling are abundant, as

are also the introduced Loch Leven and brown trouts in the upper
Madison.
The Firehole River, about twice the size of the Gibbon River, joins

it from the south. This stream heads just west of Shoshone Lake,
separated from it and from the head of Bechler River by a relatively

low divide, according to Gannett. It flows tlu'ough Madison Lake,
wliich is nearly dry in summer, but below it is reinforced by the
fine, clear Spring Creek from the east. In its upper course the
Firehole, like Spring Creek, is a clear and very cold stream, flowing
through dense woods, with narrow marshy valleys alternating with
small canyons. Keppler's Cascades, above the Upper Geyser Basin,
is a series of very picturesque falls probably impassable to trout.

Along the Firehole are the most noteworthy of the geyser basins, and
a great volume of hot water is poured into it without, however, ren-

dering its waters at any point really warm or unfit for trout. The
principal tributaries are Iron Creek and Little Firehole River, in the
Upper Geyser Basin. At the lower basin the Firehole receives the
waters of Sentinel Creek, Fairy Creek, and the larger and more im-
portant Nez Perce Creek.
Nez Perce Creek comes in from the east, is nearly half as large as

the Firehole, and is similar in character and temperature of the water.
It is fed by numerous short streams, none of them hot and most of

them confined to a narrow canyon.
Madison River.—The name Madison is used only for the river below

the junction of its chief tributaries, the Firehole and Gibbon Rivers.

The principal tributaries of the Madison as thus defined join the river
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beyond the park boundary. Named in order from the south to north
they are Cougar, Gneiss, and Grayhng Creeks. Witliin the park
Cougar Creek receives the waters of Maple Creek, the principal tribu-
tary of which is Duck Creek. These upper w^aters are inhabitated by
native redthroat trout. Campanula Creek joins Gneiss Creek beyond
the park boundary. It also contains redthroat trout, as do the
upper waters of all three of the main creeks mentioned, and in their
lower courses they have whitefish and grayling besides native trout.
The main Madison appears to contain a mixture of all the trouts
that occur in the park, as well as whitefish and grayling.

SNAKE RIVER DRAINAGE.

Above its junction with Heart River the Snake pursues a north-
west course, receiving numerous small tributaries, the most important
of which is, perhaps, a branch which heads in Mariposa Lake. Two
relatively large tributaries come in from the northeastward—Crooked
and Sickle Creeks.
Mariposa Lake is a small body of water in the southeast corner of

the park about a mile north of the park boundary. It is said to be
alive with native redthroat trout and to afford wonderful fishing for
large trout. About a mile beyond the boundary Bridger Lake is

another remarkable native trout water.
Heart Lake, about 3^ miles long and not quite 2 miles in width,

lies in a deep depression at the eastern foot of Mount Sheridan.
Near the head of the lake and in the lake are numerous geysers and
hot springs. Its bottom is of laval gravel, rather shallow near the
shore but becoming deep in the middle. It receives some small tribu-
taries, principal of which are Witch and Beaver Creeks. Heart River,
its outlet, just below the lake receives a comparatively large tributary
known as Surprise Creek.
Witch Creek has its rise 2 or 3 miles above the lake, in the singular

collection of geysers, hot springs, and steam holes knowTi as Factory
Hill. Its water is at first scalding hot, but it gradually cools, receiv-
ing the waters of one cold tributar}^ as large as itself. The lower
course of Witch Creek winds through grassy meadows, with a bottom
of fine laval gravel and sand. The creek at its mouth has a tempera-
ture of about 75° F. Native redthroat trout are numerous, occurring
most commonly about the mouth of the creek. Besides the trout
are suckers, chubs, and shiners, and the blob, or fresh-water sculpin,

also occurs. There is plenty of fish food in the lake. The tempera-
ture varies according to the nearness to hot springs and geysers.

Trout are said not to ascend Witch Creek, although tfie other species
do, the chubs ascending until the water is fairly to be called hot.

Beyond the mouth of Heart River the Snake bends to the south-
ward, thence later to the westward, receiving a number of tributaries,

the largest being Basin Creek, Red Creek, and Forest Creek from the
north. All the tributaries flowing directly into the wSnake contain
native redthroat trout.

Lewis River, which joins the Snake just within the park boundary,
is the outlet for the waters of Shoshone and Lewis Lakes.
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SHOSHONE LAKE AND TRIBUTARIES.

This lake has a length of about GV miles and ji width of ono-half to

4^ miles, being dumb-l)ell shaped or constricted in the middle. Its

area is about 12 scjuare miles. Its shores aie mostly bold, rocky, and
densely wooded, the eastern shore being especially abrupt, and the
bottom is there made by large lava bowlders. On the other side
somewhat different conditions obtain, there being a considerable
growth of aquatic vegetation. The lake is clearer and colder than
either Yellowstone Lake or Heart Lake. The principal tributaries
are Shoshone Creek at the northwest corner and De Lacy Creek at
the northeast corner. Moose Creek from the southward enters the
southern side of the eastern expansion of the lake. Shoshone Lake
is connected w^ith Lewis Lake at the southward by a stream of still

water known as the ''Canal," about 3 miles long.

Lewis Lake occupies a rounded basin with rather low banks. It is

pear-shaped, about 3 miles long by 2 miles broad, very clear and cold,
and apparently in every way suited for trout. Its bold shores are
heavily wooded and without any large tributary streams. A few
hot springs enter it on the western side.

Below Lewis Lake Lewis River enters a deep and narrow canyon.
At the head of this canyon is a cascade of about 80 feet, of which 20
feet at the top is perpendicular. Toward the end of the canyon and
not far above the junction with the Snake is another cascade some
50 feet in height. Owing to the falls in Lewis River no fish were
able to ascend to Lewis and Shoshone Lakes, which were therefore
uninhabited by any trouts until they were introduced.
Loch Leven and lake trouts are numerous, and eastern brook trout

abound in Shoshone Creek. Mr. Clark wrote that the Shoshone and
Lewis Lake region was probably the best fishing in the park:

These two lakes and their outlet, Le-vvis River, are full of native trout and have
been stocked with Mackinaw and Loch Leven trout, which are increasing in number
and size most succeasfiilly. These fish will not rise to the surface and take the fly
as do the regular native trout, and it is necessary to go down into the water for them.
In the lakes you can catch them by trolling if you can find the particular cove where
they happen to be running. However, in spite of the uncertainty of the lake trolling,
there is one place where you can troll %vith assurance of success, and that is the canal
between Shoshone and Lewis Lakes. This is a natiu-al body of water with little or
no current and not very wide. In Lewis River just below Lewis Falls, in the deep
pools where the eddies are covered with foam, you are sure to find good fishing.

Rainbow trout said to have been planted in De Lacy Creek in
1895 have never been observed, but eastern brook trout of small
size are numerous.

TALLS RIVER AND BECHLER RIVER.

Falls River pursues a sinuous course near the boundary in the
southwestern corner of the park. It rises by two branches, one
originating in a marshy area, the other in Beula Lake, near which
are Herring Lake and another smaller one, both mere ponds, and
flows to the eastward. In the Birch Hills it passes through a short
ravine, flowing over two falls. Terraced and Rainbow Falls, the latter
being the most westerly. Before joining Bechler River it receives a
considerable creek, Mountain Ash by name, which flow^s down from
the south side of Pitchstone Plateau.
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Bechler River rises on the northwest side of Pitchstone Plateau and
winds to the southward to its junction with Falls River just north of

the boundary. It passes tlu-ough a deep gorge in which are several
falls, notably Iris Falls, and a snort distance below Colonnade Falls.

Below these falls it receives several tributaries, the most important
of wliich is Boundary Creek, which rises across the border and flows
southeastward to its junction with Bechler River.

In 1920 A. H. Dinsmore visited this region and reported it as

one of the most beautiful, if not the most beautiful, of the valleys in

all the park—flat as a floor, abounding in wild and domesticated
grasses, meandered by fine, clear streams in which native trout of

good size may be taken in large numbers. At the head of the valley,

within an area of not more than 3 miles, not less than eight streams
fall from the timbered plateau over falls and cascades which rival

any in the park excepting the Great Falls of the Yellowstone. So
close to the valley are these waterfalls that many of them are in plain

view as one rides through it.

Native trout are abundant in Falls River, probably up as far as

Rainbow Falls, and in Mountain Ash Creek to Union Falls; also in

all the waters below the falls.

FISHING REGULATIONS.

In order to prevent undue destruction of fish and depletion of the
park waters, certain restrictions have become necessary, and it is

believed that anglers generally will be in full sympathy with the pro-
tective measures that the park authorities find it desirable to adopt
from time to time. The general policy is to curtail fishing as little as

may be compatible with the maintenance of the supply and to

depend largely on increased fish-cultural operations to prevent the
depletion of park waters.

Following are the fishing regulations now in force:

1. Fishing with nets, seines, traps, or by the use of drugs or explosives, or in any
other way than with hook and lines, or for merchandise or profit, is prohibited.

2. Fishing in particular waters may be suspended by the superintendent.
3. All fisli hooked less than 8 inches long shall be carefully handled with moist

hands and returned at once to the water, if not seriously injured. Fish retained should
be killed.

4. Ten fish shall constitute the limit for a day's catch per person from all waters
within 2 miles of the main belt-line road system. In the case of other waters the
superintendent of the park may authorize a limit of not exceeding 20 fish for a day's
catch per person.

LIST OF FISHES.

1. Montana Grayling {TJiymaUvs montanus).

The Montana grayling, which originally existed only in tributaries

of the Missouri River above Great Falls, in the park occurs naturally
in the Madison and Gallatin Rivers and their branches, Grayling
Creek and Fan Creek, and in the Firehole River below the falls. It

is reported as sometimes abundant at the junction of the Gibbon and
Firehole Rivers and is said to ascend in summer as far as Firehole
Falls. It is the principal fish in the south fork of the Madison and
occurs also in the backwater of the Madison at the dam. This is a
most graceful and attractive fish, of shapely proportions and ex-
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quisite coloration. The adult avcraojos about I pouml, l)ut may
attain a weight of 4 pounds.
The grayhng prefers swift, clear, pure streams, with gravelly or

sandy bottom. It is quite gregarious, lying in schools in the deeper
pools, in plain sight, and not, like the trout, concealed under buslies
and overlianging banks. In search of food, which consists prin-
cipally of insects and their larvte, it occasionally extends its range to
streams stre^vn with bowlders and broken rocks.

Unlike the native trout, the grayling will go long distances, if

necessary, to find suitable spa^vning grounds. It spa^vns in April
and May on gravelly shallows. In the north fork of the Madison
River, where the water is comparatively warm, coming from the
Firehole River in the park, the grayling spa^\^ls a month earlier than
in any other waters in Montana.

In point of activity it even excels the native trout, when hooked
breakmg the water repeatedly in its effort to escape, which the trout
seldom does. It takes the artificial fly eagerly, and if missed at the
first cast will rise again and again from the depths of the pool, whereas

Fig. 1.—Montana grayling.

the trout will seldom rise a second time without a rest. It will also
take various baits, such as caddis-fly larvae, grasshoppers, and worms.
Among the recommended flies are professor, Lord Baltimore, c^ueen
of the water, grizzly king, Henshall, coachman, and various gauze-
winged flies, with No. 10 and 12 hooks. As a food fish it is even
better than the trout, its flesh being firm and flaky, very white, and
of delicate flavor. The grayling is artificially propagated in Mon-
tana by the United States Bureau of Fisheries and the State fish

commission.

2. Rocky Mountain Whitefish {Coregonus williamsoni)

.

The Rocky Mountain whitefish occurs in all suitable waters on
the west slope of the Rockies from Utah to British Columbia. A
scarcely, if at all, distinguishable variety or subspecies bearing the
name of Coregonus vnlliarnsoni cismontanus is found in certain waters
of the upper Missouri Basin. In some localities this fish is miscalled
grayling,* with which it should not be confused, as it is a very differ-

ent species, and there seems to be a local Yellowstone River name,
the pnonetic spelling of which is ''sterlet" or "steret."

* Referring to the fishing in the canyon of Sunlight Creek, Clark Fork, Ralph E. Clark probably made
this mistake in writing the following: " You will probably first catch a scaly fish which looks like' a long
sucker. It is the Montana grayling, and there are many down there."
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In the park it naturally occurs in the Yellowstone River below
the falls as far up as Crevice Gulch, beyond which it is seldom found,
in Madison and Gallatin Rivers below the falls, and has been reported
also from the junction of Firehole and Gibbon Rivers. At the
junction of Lewis and Snake Rivers /'grayling," or "mountain
herring," are reported as taken by anglers; these are doubtless
whitefish.

Young whitefish 2 to 5 inches long from Montana were planted in
park waters, as follows: In 1889, 2,000 were placed in Twin Lakes
and 980 in Yellowstone River above the falls, and 10,000 more were
planted in the latter place in 1890. It is considered doubtful if any
of these have sur\aved, owing to the number and size of voracious
trout in the Yellowstone River and the mineral character and high
temperature of Twin Lakes.

This fish prefers clear, cold lakes and streams, where the usual
length of adults is about a foot, although it is Icnown to have attained
a weight of 4 pounds. The cistnonfanus form is essentially a river
fish rather than an inhabitant of lakes and is most abundant in the

Fig. 2.—Rocky Moimtain whitefish.

eddies or deeper places of swift streams. It spawns in late fall or
early winter. This is a slender, graceful fish, readily taking the arti-

ficial fly like a grayling or trout, as well as natural baits, such as
worms and insects and even fresh meat. However, owing to the
smallness of its mouth, the hook should be no larger than No. 10 or
12, and when hooked the fish requires careful ''playing" owing to

the tenderness of the mouth parts. It is a game figliter. It ranks
high as a panfish, for, when in condition, it is of surpassing sweetness
and delicacy of flavor.

3. Redthroat Trout: Citthroat Trout: Blackspotted Trout
(Salmo leivisi).

(See frontispiece.)

In its numerous varietal, subspecific, or specific forms the red-
throat, cutthroat, or blackspotted trout is of extensive distribution
on the Pacific slope. In the park a form designated as Salmo lewisi

is found naturally in both upper Snake and upper Missouri waters,
having doubtless gained access to the latter from the Snake River
by the way of Two Ocean Pass, and it is not unlikely that an inter-

change of individuals still takes place.



FISHES OF THK VKLJ.OWSTONE NATIONAL TAIIK. 19

Yellowstone Lake and Yellowstone River IVoni its source to many
miles beyond the park arc inhabited by it. The abundance of trout
above the falls is reniarkai)le. At ahnost any time as one passes
along fish are seen breaking water.

Trout are known to naturally occur in the following park waters:

I-ower Yellowstone Rivci
Sour Creek.
Trout Creek.
Alum Creek.
Antelope Creek.
Lamar River.
Cold Creek.
Willow Creek.
Timothy Creek.
Miller Creek.
Calfee Creek.
Cache Creek.
Soda Butte, Pebble, and Amphi-

theater Creeks.

Slough and Buffalo Creeks, Lake
Abundance, etc.

Hellroaring Creek.
Blacktail Deer Creek.
Gardiner River.
Lava and I.iupine Creeks.

Yellowstone Lake.
Beaverdam Creek.
Rocky Creek.
Trail Creek.
Chipmunk Creek.
Riddle Lake and Solution Creek.
Arnica Creek and Beach Lake.
Columbine Creek.

Clear Creek.
Bear Creek.
Pelican Creek.

Upper Yellowstone Ri\ er.

Atlantic Creek.

Jav Creek.

Upper Yellowstone River—Continued.
Bridger Lake and Creek.
Falcon Creek.
Thoroughfare Creek.
Escarpment Creek.
Cliff Creek.
Lynx Creek.
Phlox Creek.
Mountain Creek.
Badger ('reek.

Tra])p(!rs Creek.
Madison River.
Canyon Creek.
Cougar Creek.
Maple Creek.
Gneiss Creek.

Snake River.
Fox Creek.
Crooked Creek.
Sickle Creek.
Pacific Creek.
Heart Lake and Heart River.
Witch Creek.
Beaver Creek.
vSurprise Creek.

Basin Creek.
Colter, Harebell, and Wolverine Creeks.
Red Creek.
Forest Creek.
Falls River.
Mountain Ash Creek.
Bechler River and tributaries to the
canyon

.

Boundarv Creek to the lalKs.

Gibbon River has no trout above the falls. In the Firehole River
trout occur naturally below the falls. At times near the junction
with the Madison there is very good fishing.

In the Gardiner River trout are abundant from the foot of the falls

to its junction with the Yellowstone. Trout have not been seen above
Osprey Falls.

In Soda Butte Creek trout are numerous until obstructed by falls

in the upper part.

Hellroaring Creek is well stocked in the lower part.

In Canyon Creek trout abound below the falls.

It is stated on good authority that, notwithstanding the barrier
offered by Undine Falls, trout occur above in Lupine and Lava
Creeks. It appears that in 18S9 trout obtained from Howard Creek,
Idaho, w^ere planted in Lava Creek. However, it was subsequently
ascertained that trout had possible access to tliis locality from
Blacktail Deer Creek, which lias no falls and was abundantly supplied
with trout.

Trout are numerous in Heart Lake and. according to A. H. Dins-
more, in Lewis River below the falls.



20 U. S. BUEEAU OF FISHERIES.

The size attained by trout in the park waters, as elsewhere, varies

much with locality and conditions. Fish of over 4 pounds have been
reported.

This trout in some waters is a highly esteemed game fish and can
be taken in all sorts of ways—spoon, phantom, natural bait, artificial

fly, etc. Mary Trowbridge Townsend (1. c.) writes of it in the Fire-

hole River:

The father of the Pacific trout, the blackspotted '

' cutthroat " with the scarlet splotch
on his lower jaw, was most in evidence, with long symmetrical body, graduated black
spots on his burnished sides. He is a brave, dashing fighter, often leaping salmon-like
many times from the water before he can be brought to creel. We found him feeding
on the open riffs or rising on the clear siu-face of some sunlit pool.

Ralph E. Clark wrote (1. c.) that ''the dark, silvergray trout of

the West seem to favor flies more in harmony with their own color-

ing," and mentioned the gray hackle, brown hackle, coachman,
grizzly king, Seth Green, black gnat, and white moth:

The junction of Yellowstone and Lamar Rivers is noted for fine fishing. If you find

the waters high, swift, and roily, you will probably try your flies in vain. Put on a
spinner or a little spoon and watch the fish rise to it, almost touch it, and then go
away. They are after live bait and won't touch anything else. The grasshoppers are
abundant. Catch a few, bait your hook carefully, and let it float down with the
current. A large trout will rise to it, and if you are not very careful he will steal it

from you.

This is an excellent food fish when fresh from cool waters, but the
trout from some parts of the Yellowstone Lake, Upper Yellowstone
River, and Heart Lake are generally reputed to be infested with a
parasitic worm. In his book previously cited in the list of publica-

tions pertaining to the fish of the park, Gen. Chittenden says:

The trout of Yellowstone Lake are to a slight degree infected with a parasitic

disease that renders them unfit for eating. Many efforts have been made to discover
the cause of this condition and a suitable remedy for it, but so far without success.

An explanation sometimes advanced is that the excessive number of these fish and the
absence of sufficient food reduce the vitality and tliey become an easy prey to para-

sites which a more vigorous constitution would throw off. Later investigations have
shown that reports of the prevalence of this condition were much exaggerated.

The parasite referred to is a tapeworm, of which only the larval or

intermediate form occurs in the trout, the host of the adult being
an entirely different animal, as is the case with all tapeworms of this

kind. Briefly, its life cycle has been found to be as follows: Starting

with the egg in the water, it develops into a ciliated embryo. This
passes into the fish, probably by way of the mouth, and becomes
established and assumes the form usually observed. The fish is

eaten by the pelican, and in the intestinal tract of that bird the

parasite attains its adult and reproductive stage, and its round of

life is there completed. The eggs pass into the water and a new
generation is begun.

Gen. Chittenden's statement that the parasite renders the fish

unfit for food involves a matter of prejudice rather than actual unfit-

ness for food or danger to the consumer. Cooking destroys the

vitality of the worm, and it may be said that this particular w^orm is

not harmful to man. Probably no one would knowingly eat an in-

fected fish, but if he should there would be absolutely no danger in

doing so. Beyond doubt the presence of this parasite is greatly

exaggerated, as Gen. Chittenden says, and lean, cadaverous, un-
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sightly trout, the condition of which is commonly attributed to para-

sitism, are often fish which are run down from breciUni;:, altliough they

may carry some parasites. There is scarcely a lish tliat swims that

is not more or less infected by some sort of parasitic worm, and in

this respect the Yellowstone fish do not appear to be worse than fish

of many other lakes in the country.

It has been said that there are two varieties of native trout in the

park, the larger ones of the Yellowstone, with bright yellow bellies,

and the smaller kind more silvery in appearance and exhibitino; much
greater activity and game qualities, or which Tower Creek fish are

examples. Also trout of Yellowstone Lake seem to differ from those

of Heart and Henry Lakes in having more distinct and rather less

numerous black spots. However, in this respect very much indi-

vidual variation is shown.
This is the principal fish artificially propagated by the United

States Bureau of Fisheries at the hatcheries on Yellowstone Lake and
Soda Butte Creek. From three to twenty million eggs are taken
annually. After the local park waters are liberally stocked the re-

maining young are supplied to suitable waters in the adjoining

States. I'he park, however, should and does have the first and
major claim on the hatchery output.

4. Rainbow Trout (Salmo shasta).

The rainbow trout has its geographical range in the mountain
streams of the Coast Range and the western slopes of the Sierra

Nevada Mountains, but the natural abode of the rainbow trout of

fish-cultural fame is the McCloud River, Calif. This form, now
recognized as a species distinct from Salmo irideus, bears the name
of Salmo shasta. It has been successfully introduced into many
streams in different parts of the United States where it was not
previously found.
The rainbow, first introduced into the park in the Gibbon River

in 1880 and subsequently planted in various waters and on numerous
occasions, has become one of the most abundant, most widely dis-

tributed, and most popular of the park fishes. The w^aters stocked,
in addition to the Gibbon River above and below the falls, have
included the Gardiner River, tributaries of Yellowstone Lake, and
various small lakes.

The size attained by the rainbow trout varies greatly and is de-
pendent upon volume of water, temperature, food supply, etc.

Under certain conditions it reaches an extraordinary size, but in

the ordinary environment 6-pound or 8-pound fish are to be regarded
as large. In general, it may be said that the fish does not overrun
2 pounds. Its food is composed largely of insects.

This fish now abounds in the Gibbon River both above and below
Virginia Cascades, and good fishing is found at times at the junction
with the Madison. Regarding this stream the park superintendent's
report for 1897 shows that the fish planted above the cascades seemed
to have come down over the falls, as but few were found above, while
below^ the stream was well stocked to its junction with the Firehole.

In the Gibbon River above the falls it appears that the supply has
been greatly depleted, in fact, nearly fisned out, owing to the cir-
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cumstance that the road follows the stream for many miles, and
there must have been thousands of anglers fishing there in 1919,
according to the senior author's notes of July, 1919. Grebe Lake,
Blacktail Deer Creek, Madison, Firehole, and Little Firehole Rivers
all contain rainbow trout. Referring to the last-named stream in

1897, the superintendent of the park wrote that several good speci-

mens had been taken near its source, for which he could not account,
as it seemed impossible for any fish to ascend the lower falls of the
Little Firehole. A. H. Dinsmore reports the fish from Tower Creek
above the falls.

Many persons who have had experience in angling for rainbow
trout say it is one of the best, and some pronounce it the very best,

of the trouts. It often dashes from the water to meet the descending
fly and leaps repeatedly and madly when hooked. It has been said
that it takes the fly so readily that there is no reason for resorting to

other lures. However, its activity and habits, as in the case of most
fishes, are modified more or less by its surrounding conditions. The
same is true of its food qualities, which ordinarily are very good.

Fig. 4.—Rainbow trout.

Mary Trowbridge Townsend (1. c.) had the following to say relative
to her experience with the rainbow trout in Firehole River:

The California rainbow trout proved true to his reputation as absolutely eccentric
and uncertain, sometimes greedily taking a fly and again refusing to be tempted by
the most brilliant array of a carefully stocked book. During several days' fishing we
landed some small ones, none weighing over 2 pounds, although they are said to have
outstripped the other varieties in rapidity of growth, and tales were told of 4-pounder8
landed by more favored anglers.

5. Scotch Lake Trout; Loch Leven Trout [Salmo levenensis).

This trout originated in Loch Leven, the lake made famous by
Scott's poem, ''The Lady of the Lake." Typically it was peculiar to
this loch, where it seldom if ever attained much over 1 pound in

weight. The claim has been made that it is merely an ontogenetic
development of the common brown trout, and that when transferred
to other waters its progeny can not always be distinguished from the
common brown trout. On the other hand, information derived
from persons familiar with Loch Leven indicates that both this trout
and the brown trout exist in the same lake, and that in that body of
water they can always be distinguished.
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It is not impossible that confusion has arisen })y brown trout from
that hike havino; been propajjjated unch'r thc! supposition that they
wore Loch Leven trout. Tliere arc paraUel instances of such mistaken
identity in this country in respect to other species, and so-called

Loch Leven trout have been propaj^ated for a long time in this

country. In the early years the progeny of Loch Leven eggs could
easily be distinguished from brown trout hatched at the same time,

especially when they had attained a few inches in length. Recently,
however, there is reason to suspect that many of the so-called Loch
Leven plants have been browTi trout. Be that as it may, trout

under each name have been introduced into Yellowstone Park waters,
and there are records of both having been subsequently taken.
The first plants of this trout in the park were made in the upper part
of the Fu-ehole River in 1889. The next year Lewis Lake and
Shoshone Lake were stocked, and in 1903 further plants were made
in tributaries of the Fireholc.

The Loch Leven trout has been taken in the following park waters,
in some of which it is abundant: Firehole River above and below the
cascades, Madison, Gibbon, and Gardiner Rivers, Shoshone and Lewis

_-,.^,",-.<j-'i«^^«

Fig. 5.—Scotch lake trout; I.ocb. Lcmii trniit.

Lakes and the ''canal" connecting those lakes, upper Snake River
waters, Heron Creek, and Duck Lake, near the Thumb of Yellow-
stone Lake.

Fish of largo size and in great abundance were found in Duck Lake
in 1919. Landlocked salmon had been planted in this lake in 1908
and were reported to have survived and flourished, but none have
ever been authentically identified, and it seems likely that the Loch
Leven trout, the history of whose introduction into this lake is quite

obscure, have been mistaken for landlocked salmon. Hundreds of

fish were observed jumping at times, and a number of specimens up
to 4 pounds in weight were taken in the summer of 1919 after a
game fight.

6. European Brown Trout; Von Behr Trout (Salmofario).

The brown trout is widely distributed in continental Europe and
the British Isles, inhabiting lakes as well as streams, but it is the
''brook trout" of the continental European countries. Under
favorable conditions it is kno^vn to grow to over 20 pounds, but as a

true brook trout it seldom registers over 1 pound in weight.
The brown trout thrives in clear, cold, rapid streams and at the

mouth of streams tributary to lakes, having much the same habits
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as our eastern brook trout. It is by some regarded highly as a game
fish, taking either bait or artificial fly. The best fly fishing is usually
toward night. As a game and food fish it is in its prime from May to
September. Its flesh is very agreeable in flavor. ^Spawning begins
in October.
The brown trout has a rather extensive distribution in the park,

although only a single plant of 9,300 fish was made in Nez Perce
Creek in 1890. The fish now inhabits the Madison, Gibbon, and Fire-
hole Rivers. In the last named it is found from its junction with the
Gibbon to Keppler Cascades and is particularly numerous in Nez
Perce Creek, Little Firehole River below Mystic Falls, and Iron
Creek. In the main streams fish have been taken weighing up to 8
pounds. In the park, as elsewhere, the brown trout has the reputa-

FiG. 6.—European lirown trout; Von Bchr trout.

tion of being antagonistic to other trouts and of increasing in size

and abundance at the expense of the others.

Mary Trowbridge Townsend, in her interesting article on trout

fishing in the park (1. c), mentioned a brown trout from the Firehole

River:

A good 4-pounder, and unusual marking, large yellow spots encircled by black,

withgreat brilliancy of iridescent color. * * * I took afterwards several of the same
variety, known in the park as the Von Behr trout, and which I have since found to

be the same Salmofario, the veritable trout of Izaak Walton.

7. Lake Trout; Mackinaw Trout {Cristivomer namaycush).

The lake trout, otherwise known as laker, lunge, togue, Mackinaw
trout, etc., is of wide northei-n distribution. In British America it

ranges from the Atlantic to the Pacific coasts and northward to the

Arctic Ocean. In the LTnited States it is found in many of the larger

and deeper lakes in New England and New York, in the Great Lakes
Basin, and in a few localities in the Western States, as Montana and
Idaho. It occurs also in Alaska. It has also been spread by fish-

cultural operations into waters where it did not previously exist.

The lake trout owes its presence in the park to two plants of 30,000
and 12,000 fingerlings in Shoshone Lake and Lewis Lake, respectively,

in 1890. The fish is now common in those waters, especially around
the shores, and was formerly taken in large quantities to supply the

park hotels. It is found also in the "canal" connecting the two
large lakes. In some waters it attains a very large size. Examples
weighing over 100 pounds have been reported from the Great Lakes,
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and in formor years the average weight oC the lish in the commercial
fisheries of those waters was stated at 20 to 30 pounds. At this time,

however, 10 to 15 pounds can be considered hirge.

Park Ranger Dewing r(>j)oits that in 1915 he saw a lake trout that
weighed 32 pounds caught in Slioshone Lake l)y a soldier. Mounted
specimens of two large lake trout from Shoshone Lake are in the

lo])by at Old Faithful Inn. One taken July 13, 1912, by Pete Ber-
gendorf, hotel iisherman, weighed 12 pounds, the other, 39 inches

long, weighed 21 pounds. In the summer of 1911 Howard Eaton
with a party fished in Lewis Lake and in one day caught 200 pounds of

lake trout. The largest fish was 39^ inches long and weighed 20
pounds; another was 34 inches long.

According to A. H. Dinsmore, as early as 1901 the lake trout had
spread from Lewis Lake and become abundant in Lewis River below
the upper falls. The fish has been reported also below Idaho Falls

and has passed up through the tributary coming from Jenny Lake,
in which water it occurs in numbers about equal to the native trout,

Fig. 7.—Lake trout: Mackinaw trout.

and specimens are recorded from the Bufi'alo Fork of the Snake
River.
The large size of the lake trout affords its chief attraction as a

game fish, for it is not ordinarily a very active fighter, although a
powerful antagonist. It is usually caught by deep trolling, but is

sometimes found at the surface and is occasionally taken on an arti-

ficial fly. The fish may be caught by trolling or casting with artificial

or natural baits.

Opinions differ reganhng its table qualities, and, as with most
fishes, much depends upon how it is prepared and cooked. It is a
very oily fish and often has an unpleasant, strong, oily flavor. This
may be obviated, however, by removing the skin before the fish is

cooked. The best method of cooking it is by boiling, serving with
mayonnaise dressing or egg sauce.

Mr. Clark (1. c.) wrote in 1908 that the lake trout were plentiful in

Shoshone Lake and Lewis Lake and River, and that they could be
caught in the canal between Shoshone and Lewis Lakes as fast as

one could throw in a trolling spoon, and he remarked that they were
large and fat. On August 6, 1919, Mr. Dinsmore caught a 4-pound
fish on a feathered spinner, in the canal off Point of Rocks.
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8. Eastern Brook Trout; Speckled Trout {Salvelinus fontinalis)

.

The natural western limit of this brook trout in the United States
is northeastern Minnesota. It inhabits lakes as well as streams and
varies in size according to locality. It does not flourish in water
temperature over 68° F., and about 50° F. is preferable. The largest
trout of this species authentically recorded weighed somewhat over

12J pounds. In some lakes trout of 5 or 6 pounds are not uncom-
mon, but such large fish are seldom found in streams unless the streams
are tributary to fairly large lakes. In streams of moderate size

trout of 1 or 2 pounds' weight are to be considered large, and in most
brooks a trout of one-half or three-fourths pound is an exception,
at least in recent years. Its spawning season is in fall.

Plants of eastern brook trout have been made by the Bureau of

Fisheries in various park waters, and the fish is now abundant and
widely distributed. It is known to occur in Gardiner River and its

tributaries with their branches, particularly those of the west side:

Glen, Fawn, Panther, Indian, Willow, Winter, Straight, and Obsidian

Fig. 8.—Eastern brook trout; speckled trout.

Creeks; Swan, Grizzly, and Beaver Lakes; Gibbon and Madison
Rivers; Solfatara Creek; Virginia Meadows; Firehole River, above
Kepler Cascades, where, according to the 1897 report of the super-

intendent of the park, this trout was very abundant, and between
its junction with the Gibbon and the lower falls; Upper Little Fire-

hole; Upper Nez Perce Creek, but, according to Park Ranger Dewing,
not in lower Nez Perce. According to Mr. Dinsmore it is found in

Juniper Creek, a tributary of the Upper Nez Perce, and it occurs in

Lone Star Creek and Spring Creek. Tower and Carnelian Creeks
above the falls contain it, according to Mr. Dinsmore. It is abundant
in Shoshone Creek, and according to the park superintendent's 1897
report that creek was alive with brook trout up to H pounds in

weight. Small fish are found in lower De Lacy Creek.
The brook trout is one of the most noted and esteemed of American

game fishes, but there must be something besides activity that makes
it such a general favorite, as in that respect it is surpassed by several

others. One appealing attribute is its beauty ol coloration, and
another its delicacy of flavor, which is hardly surpassed by any
other fish.

The brook trout may be taken by almost any method known to

anglers. In open streams fly fishing is the method par excellence.
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In streams where overgroAvth prevents fly casting, angleworms,
grasshoppers, or almost any bait will be taken when the trout is

feeding. Everythino; will be disregarded when it is not feedinjj;.

The best flies to use m any body of water must be learned by experi-

ence, but the brown hackle is seldom a failure anywhere. Professor,

qiieen of the water, Montreal, coacliman, and many others are usu-

ally quite successful. Gauze-winged flies will sometimes succeed
when others fail. The best time to fish for this trout is in the morning
and early evening. It lurks in eddies and pools and at the foot of

rapids or under overhanging banks, old stumps, or rocks.

9. Yellow Perch {Perca flavescens)

.

The vellow perch has a wide eastern distribution. It is common
in the Great Lakes and the tributaries of the upper Mississippi River

Fig. 9.—Yellow perch.

and in coastwise streams and lakes from Nova Scotia to North
Carolina.

In 1919 this fish was fomid l)y the senior author to al)ound in

Goose and Feather Lakes in the park. Its presence there is appar-
ently traceable to an unofficial, unauthorized plant made many years

ago by a Montana citizt n, who is said to have obtainetl a consigimient

of yellow perch from the State of Wasliington, into which vState the

species had been introduced some years before.

In the park lakes the yellow perch attains a length of a foot and is

most readily caught by the use of small spinners cast from shore and
rapidly drawn in. Only a few of the park authorities have been
aware of the occurrence of this fish in local waters. It can not be
regarded as a desirable addition to the fish life of the park, and its

spread to other waters than those now inhabited should be prevented.
It is not usually reputed to be a game fish, and its voracious habits

make it a menace to young trout. When fresh from cold water, it is

one of the best of pan fishes, being firm-meated and of delicious

flavor.
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10. Blob (Cottus punctulatus).

This little sculpin belongs in the Missouri Basin and abounds in

some of the waters of the park. It has been reported to swarm in the
grassy-bottom portions of the Madison and Gibbon Rivers and in

Canyon Creek and to be numerous in the Gibbon above the falls. It

Fig. 10.—Blob.

is known also from the Firehole below the falls. The presence of this

fish in the Gibbon River above the falls is a freak in distribution that
has not been explained. The blob is probably justly accused of

being destructive to the e^gs of other fishes and appears to be of little

use, unless possibly as bait for large trout. It can be taken with a
small baited hook. It attains a length of 5 inches.

11. LoNGNOSE Sucker {Catostomus catosiomus)

.

This species is of wide natural distribution in northern waters, its

geographical range being from the Pacific to the Atlantic coasts and
into the Arctic regions. It attains a length of IS inches and a weight
of several pounds. Its spawning time is spring and early summer

Fig. 11.—Lonpmose sucker.

when the males have their anal fin profusely covered with tubercles

and the side of the body with a broad red stripe more or less diffuse

on the edges. It is not sought as a game fish, but sometimes takes a

baited hook and fights fairly well. When taken from cool water
and cooked at once it is a good-flavored pan fish, although somewhat
bony. It is abundant in Yellowstone and Gardiner Rivers below
the Osprey, Undine, and Rustic Falls.
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12. RosYSiDE Sucker {Catostomus ardens).

This sucker is abundant in the Snake River Basin above Shoshone

Falls. It is reported from Heart Lake and Witch Creek and is

said to ascend the latter into very warm water (lowing from Heart

Lake Geyser Basin. Like the longnose sucker, it spawns in spring

Fig. 12.—Rosyside sucker.

or early summer. It will also take a baited hook and is edible but
not as palatable as the other sucker. In Heart Lake and Witch
Creek the alimentary tract of this sucker is infested by parasitic

worms, which, although offensive to .the eye, do not render the fish

harmful as food. Affected fish, however, are likely to be lean and
unpalatable.

13. Chub (Leuciscus lineatus).

This chub, known in the books as Utah Lake chub, is one of the

most widely distributed of the genus and abounds in the Snake River
Basin above Shoshone Falls; also in Yellowstone Lake and other

places in the park. Chubs from cool water are not to be despised

Fig. 13.—Chub.

in game and food qualities. The species reaches a length of 12 or

15 inches or more and is said to be destructive to the eggs and young
of trout. No worms have been found in its alimentary canal. It

spawns in spring and early summer.
Dr. Jordan says: ''Chubs ascend Witch Creek until they reach

water fairly to be called hot, and the sucker is not far behind." en-

during a temperature of 88° F.
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14. SiLVERSiDE Minnow {Leuciscus hydrophlox)

.

This little fish is too small to be of much use for other than food
or bait for trout, attaining a length of only 3 to 5 inches. It occurs

Fig. 14.—Silverside minnow.

in some of the sources of the Snake River in the park, particularly

Heart Lake and Witch Creek. It spawns in spring.

15. LoNGNosE Dace {Rhinichthys dulcis).

This little minnow, attaining a maximum length of only about
5 inches, is food for trout and useful as bait. It is found in Heart

Fig. 15.—Longnose dace.

Lake and Witch Creek and also in Gardiner River below Osprey^
Undine, and Rustic Falls.

16. Dusky Dace (AgoMa mibila).

The little dusky dace, seldom over 3^ inches in length, is extremely
abundant and widely distributed in the Columbia River Basin. In

Fig. 16.—Dusky dace.

the park it has been recorded from Heart Lake and Witch Creek.

It is useful as food for larger fishes and as bait for trout.

o



FOOD OF YOUNG WINTER FLOUNDERS.'

By Edwin Linton,

Temporary Investigator, U. S. Bureau of Fisheries.

Coutrilmtiou from the U. S. Fisheries liiological Station, Woods ITolo, Maps.

In connection with work on the parasites of fishes it has been the

author's practice to keep a record ol the food of the fishes which were
beiiii; examined for Entozoa. Such miscellaneous data, while not
without value, are lacking in that definiteness which is afforded by
quantitative studies. It was therefore suggested by the Bureau of

Fisheries that an intensive study of the food of one or two families

or groups of fishes, preferably those of economic importance, be
undertaken.
During the summers of 1915 and 1916 the author spent a part of

his time in the examinatipn of small winter flounders {Pseudoplruro-

nectes americanns) for their food. The lish were seined by Vinal N.
Edwards at 30 stations at Woods Hole, Mass., and vicinity, on dates
ranging from May 2 to November 2. The total number of lish

examined was 398.

Fishes collected in the months of May, June, September, October,
and November were preserved in formaldehyde and examined in

the summer of 1916. Fish seined in July and August were brought
to the laboratory soon after they were taken from the water. If

taken at some distance from the laboratory, they were placed in a
strong })reservative as soon as they were taken from the water. At
first the smaller fish were preserved entire in 95 per cent alcohol,

after opening the abdominal cavity. The viscera of the larger fish

were removed and kept in dishes of formaldeh^'de. It was soon
found that the formaldehyde material was the more satisfactory for

study, and, when well washed in water, could bo looked over without
discomfort. In each case the alimentary canal was opened through-
out its entire length and examined in alcohol or water. The material
was separated with the aid of a dissecting lens, the compound micro-
scope Toeing used when necessary for the identification of material.

Quantitative estimates were then made, using the smallest lot as a
unit.

It often happens that much of the contents of the alimentary
canal of the fish does not admit of satisfactory separation into distinct

lots, even when its general character is more or less identifiable.

For example, in cases where annelids, having much sand in their

intestines, have been eaten, what at first appeared to be a mass of

> Appendix IV to the U. S. Report of the Commissioner of Fisheries for 1921. 13. F. Doc. 907.

47419"—21 3
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sand, upon closer examination proved to contain setae of annelids,
with occasional shreds of cuticle. As the body of the annelid is

being digested, the intestine, gorged with sand and mud, often
remains in a condition that admits of identification as annelid remains.
It is doubtless true that much of the material recorded as ostracodes
and small univalve shells has been introduced with annelids.

In the beginning of this work the author was often greatly puzzled
when attempting to determine the quantitative values to be placed
on the different food materials. After some practice, however, one
develops a method which takes into account such material as can
readily be separated and classified, and often makes it possible to
reduce the unidentified debris to small proportions. In view of the
nature of the food of many annelids it is to be noted that the per-
centage of materials counted as annelid does not always indicate
similar percentage of food ingested. Doubtless, also, especially in

the beginning of these studies, the estimated percentage of debris is

sometimes larger than it should be, due to the fact that portions of
the mucous membrane, wliich are detached when the contents of
the alimentary canal are removed, become mixed with the food
proper.

Plant material was noted in only 20 of the flounders, approximately
5 per cent of the whole number examined for food. In all instances
where plant remains were noted in the contents of the alimentary
canal, the amount was always both absolutely and relatively small.

Usually it consisted of a few fragments of filamentous algas, the pres-
ence of which could be accounted for as material wliich had acci-

dentally been taken in along with the proper food of the fish. No
place, therefore, was given for plant remains in the table of quantita-
tive estimates.

It would seem, however, that the winter flounders may, on occa-
sion, make use of plant food. From unpublished food notes made in

connection with the examination of winter flounders for parasites,

mostly by Vinal N. Edwards, out of 82 examinations, 23 records note
the presence of plant remains in the alimentary canal. In some
cases considerable amounts of plant material were present. Thus,
on three dates—^April 14, November 7, and 12—the record reads,
"Stomachs filled with eelgrass;" on August 31, "Stomach and intes-

tine filled with green seaweed;" on September 30, "Stomach full of

algai (Ulva)." It is likely that the eelgrass is eaten for the incrusta-
tions of the tunicate Botryllus gouldii.

A detailed account of the results of the examination of each of the
398 small flatfish would make a very bulky report, \|id is considered
unnecessary. Illustrative details, omitting some of the notes on
Entozoa, are here given for one station only.

Food and Entozoan Parasites of Small Winter Flounders,

station 19. k.atama bay, july 27, 1915.

[Fish seined in water 1 to 4 feet in depth. Bottom, sand with red seaweed and other algce. The bay had
been closed on the ocean side for the preceding six years; there was, therefore, Uttle current produced
by the tide. Winter flounders, few. Figures referring to food represent average per cent of volume;
lengths are given in millimeters.]

1. Length, 28.—Food: Copepods, 95; debris, 5. Entozoa: 141 appendiculate dis-

tomes, 1 ivory-white sporozoan cyst on intestine.

2. Length, 30.—Food: Alimentary canal empty. Entozoa: 317 appendiculate dis-

tomes in stomach, 6 in intestine.
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3. Length. .77.—Food: Copepods, 95; d(5bris, 5. Entozoa: 247 appendiciilato dis-
tomes in stomach.

4. Lcmilh, .)'/ .—Food : Oopopods, 30; d(''hris, mostly sand, 70; alimentary canal nearly
empty. Entozoa: 1 15 apj)eii(Iinilnlo dislomc's in stomach.

5. Length. .i7.—Food: Am])liipods, 50; copepods, 10; d(''bri8, 40. Entozoa: 3 ap-
pendicidate distomes in stomach.

6. Length. .J7.—Food: Annelids, 40; copepods, 10; zoe£e, 10; oatracodes, 10; amphi-
pods, 10; debris, 20; small frau;ment of Sagartia. Entozoa: 12 appendiculate distomes
in stomach, 4 small nematodes.

7. Length, 40.—Food: Amjihipods, 20; cumacea, 20; copepods, 5; Crepidnla, 5;
ostracodes, 5; annelids, 30; drbris, 15. A small l'ra,<j;ment of the Iwdy wall of a synapta
was noted. Entozoa: 200 ai)pendi<Mdate distomes in stomach.

8. Length. I'.i.—Food: .Ami)hipods, 10; zoeir, 10; copepods, 10; annelids, GO; debris,
10. Entozoa: 24 appendiculate <listomes in stomach.

9. Length, 44.—Food: Amphipods, 65; copepods, 10; ostracodes, 4; Saijartia. 5;
nemerteans, 5; Crepidnla, 5; d('>bris, 6. Entozoa: 24 appendiculate distomes in
stomach, 3 in intestine; 4 small nematodes, lent,^th 5.

10. Length, 44.—Food: Amphipods, 25; ostracodes, 25; copepods, 25; Crepidnla, 5;
debris (fraj-nients of Crustacea), 20; 1 zoea noted. Entozoa: 80 appendiculate dis-

tomes in stomach, 3 small nematodes.
11. Length, 4S.—Food: Amphipods, 90; debris, 10; one small insect larva (Chiro-

nomus) noted. Contents of alimentary canal almost completely diu;ested, its nature
revealed only when the compound microscope was used. Entozoa: 4 distomes.

12. Length, 49.—Food: Am[)hipods, 90; d^'bris, 10; 1 insect larva noted.
13. Length, 52.—Food: Amphipods, 80; Crepidnla, 20.

14. Length, 5<9.—Food: Amphipods, 100.

15. I^ength,115.—Food: Amphipods, 50; Crepidnla, 10; debris, 40; 1 small annelit.
noted. Entozoa: A few sporozoan cysts on wall of intestine.

10. Length, 120.—Food: Amj)hipods, 95; crabs, 1 ; ('repidula, 2; debris, 2. Entozoa:
Sporozoan cysts on intestine.

17. Length, 120.—Food: Amphipods, 80; crabs, 10; Crepidnla, 2; debris, 8. Entozoa:
A few sporozoan cysts on intestine.

_
18. Length, 120.—Food: Amphipods, 15; crabs, 15; Limulus, 15; Crepidnla, 5; anne-

lids, 45; debris, 5.

19. Length, 125.—Food: Annelids, 95; debris, 5.

20. Length, 1.30.—Food: Limulus, 2; clams, 50; Crepidnla, 15; annelids, 3; debris, 30;
a few strands of algae. Entozoa: 1 distome.

21. Length, 135.—Food: Amphipods, 98; crabs, 2. Entozoa: 2 distomes.
22. Length, 135.—Food: Amphipods, GO; crabs, 30; shrimp, 5; gastropods, 5.

23. Length, 140.—Food: Amphipods, 5; crabs, 2; Limulus, 1; bivalve mollusks, 2;
annelids, 90. The mollusks were a small Crepidnla and fragments of a small clam.
Entozoa: 3 distomes.

24. Length, 150.—Food: Amphipods, 8; spider crabs, 3; clam, 1; annelids, 80;
debris, 8.

25. Length, 170.—Food: Nothing in alimentary canal that could be identified except
a few fragments of algae and what appeared to be remains of the mantles of clams.
Entozoa: 1 distome.

26. Length, 190.—Food: Amphipods, 5; mollusks (small clam and small gastropod),
15; annelids, 75; debris, 5. Entozoa: 2 distomes.

Summarized RecorA of Food and Parasites op 398 Small Winter Flounders
(PSEUDOPLEURONECTES AmERICANUS) COLLECTED AT WoODS HoLE, MaSS.,
AND Vicinity, 1915 and 1916.

[Figures referring to food represent average per cent of volume: ligure.s referring to parasites, where not
otherwise indicated, represent numerical average. The lengths are given in millimeters. The stations
have been arranged according to dates as if of one year.]

STATION 1. GREAT HARBOR, MAY 2, 1916.

Length, 26 to 50.—Number examined, 1. Food : Amphipods, 85; Cumacea, trace;
insect larvae, 1; debiis, 14. Parasites: Distomes, 4.

Length, 51 to 75.—Maximum length, 72; minimum, 64; average, 70.8. Number
examined, 4. Food: Amphipods, 48.8; annelids, 17.5; copepods, trace; insect larvae,

1.5; debris, 32.2. Parasites: Distomes in each, average 16; Sporozoa, 8 small cysts
on intestinal walls of one.

Length, 76 to 100.—Maximum length, 97; minimum, 76; average, 87.7. Number
examined, 3. Food: Amphipods, 20; annelids, 48.3; shrimp, 30; debris, 1.6. Para-
sites: Distomes, 2.3; nematodes, 1 young Ascaris in stomach of one fish.
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STATION 2. EEL POND, MAY 16, 1910.

Length, 51 to 75.—Maximum length, 68; minimum, 58. Number examined, 2.

Food: Amphipods, 67.5; annelids, 12.5; Cumacea, 10; isopods, trace; debris, 10. Para-

sites; Distome, 1, in one fish.

Length, 101 to 125.—Maximum length, 125; minimum, 102; average, 113.2. Number
examined, 5. Food; Ampliipods, 79; annelids, 4.6; Cumacea, 0.2; insect larvae, 2.4;

isopods, trace; debris, 13.8. Parasites; Distomes, 1 in one fish; nematodes, 1 in one
fish; Sporozoa, masses of cysts on lower half of intestinal wall of three.

ST.\TION 3. GREAT HARBOR, JUNE 27, 1916.

[Bottom, sandy.]

Length, 25 to 50.—Maximum length, 42; minimum, 25; average, 34.9. Number
examined, 12. Food; Ampliipods, 20.4; annelids, 24; copepods, 4.7; debris, 51.

Parasites; Di^^tomes in each fish, average 35.4.

STATION 4. SHEEP-PEN COVE, JUNE 27, 1916.

[Bottom, muddy with some eelgrass.]

Length, under 25.—Length, 24. Number examined, 1. Food: Amphipods, 1;

annelids, 22; copepods, 73; debris, 4. Parasites: Distomes, 10.

Length, 26 to 50.—Maximum length, 38; minimum, 28; average, 33.8. Number
examined, 13. Food; Amphi])ods, 59.7; annelids, 11 .8; coi^epods, 6.3; ostracodes, 0.8;

Cumacea, trace; debris, 21.4. Parasites; Distomes, 21.4.

STATION 5. WAREHAM RIVER, JUNE 30, 1910.

[Bottom, mud and eelgrass.]

Length, 26 to 50.—Length, 32. Number examined, 1. Food; Amphijiods, 10; anne
lids, 50; debris, 40. Parasites; Distomes, 18.

Length, 100 to 125.—Maximum length, 120; minimum, 113; average, 116.2. Number
examined, 5. Food; Amphijjods, 4.2; annelids, 54.8; bivalve mollusks, 0.2; insect

larvae, trace; debris, 40.8. Parasites: Distomes, 10.2; Sporozoa, numerous cysts on

intestine of one fish, 1 cyst on intestine of another.

STATION 6. HADLEY HARBOR, JULY 1, 1910.

(Bottom, eelgrass and sand.]

Length, under 25.—Length, 23. Number examined, 1. Food; Amphijwds, 5; cope-

pods, 90; debris, 5. Parasites; Nematodes, 1.

Length, 25 to 50.—Maximum length, 44; minimum, 25; average, 35.2. Number
examined, 13. Food: Amphijjods, 63.4; annelids, 0.4; copepods, 25.7; ostracodes,

2.9; shrimp, 0.5; debris, 6.6 Parasites: Distomes, 0.5.

ST.\TION 7. HEAD OP LACKEY's BAY, JULY 1, 1916.

[Bottom, eelgrass and mud.]

Length, under i?5.—Maximum length, 23; minimum, 21. Number examined, 2.

Food: Amphipods, 16; annelids, 2.5; copepods, 70; Cumacea, 0.1; insect larvae, 1.5;

ostracodes, 3.5; debris, 6.5.

Length, 25 to 50.—Maximum length, 42; minimum, 27; average, 35.2. Number
examined, 12. Food: Amphijwds, 32.3; annelids, 15.9; copepods, 13.5; Cumacea,

0.1; insect larvae, 0.2; ostracodes, 1; debris, 37. Parasites: Distomes, 6.2.

STATION 8. SHEEP-PEN COVE, JULY 11, 1916.

[Bottom, mud and eelgrass.]

Length, under f5.—Length, 22. Number examined, 1. Food: Copepods, 50;

debris, 50.

Length, 25 to 50.—Maximum length, 50; minimum, 29; average, 37.7. Number
examined, 13. Food: Amphijiods, 33.9; annelids, 7; copepods, 22.1; Cumacea, 0.8;

insect larvae, 0.2; ostracodes, 0.8; debris, 36.2. Parasites: Distomes in each fish,

maximum, 484; minimum, 17; average, 155.3.
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STATIOM 9. HE.VO OP GREAT HAllBOIl, Jiri,V 11, 191G.

(Bottom, sandy.]

Length, under 25.—Length, 24. Number examined, 1. Food: Amphipods, 10;

copepods, 10; d6bris, 80. Parasites: Distomos, 27.

Length, 25 to SO.—Maximum length, 50; minimum, 2(5; average, 33.7. Number
examined, 10. Food: Amphipods, IS; annelids, 25.(5; copepods, 17.2; larval Crustacea,

trace; debris, 39.1 Para.sites: Distomes in eacli fish, maximum, 154; minimum, 3;

average, 46.9. One fish (50 mm. in length) had nothing in the alimentary canal except
distomes, of which there were 154 in the stomach.

Length, 51 to 15.—Maxinuim length, 57; minimum, 51; average, 54.3. Number
examined, 3. Food: Amphipods, 81. G; annelids, 6.7; copepods, 6.7; d6bris, 5. Para-

sites: Distomes in each fish, maximum, 125; minimum, 30; average, 92.6.

ST.XTION 10. TARPAULIN COVE, JULY 14, 191G.

[Soft bottom, with oolgra.ss.]

Length, 25 to .50.—Maximum length, 50; minimum, 44; average, 48.1. Number
examined, 7. Food: Amphipods, 82.1; copepods, trace; isopods, 2.5; ostracodee,

trace; debris, 15.3.

Length, 51 to 75.—Maximum length, 55; minimum, 54. Number examined, 2.

Food: Amphipods, 72.5; isopods, 2.5; debris, 25.

ST.VTION 11. MENEMSHA BICHT, JUIA It, 1916.

[Bottom, sand and eelgrass.J

Length, 101 to 125.—Maximum length, 120; minimum, 101; average, 109. Number
examined, 5. Food: Amphipods, 74.2; annelids, 7.2; bivalve mollusks, 1.6; insect

larvae, 0.4; debris, 16.4. Parasites: Distomes, 0.6; Acanthocephala, 1 in one fish;

nematodes, O.G; S[)orozoa, 1 cyst on intestine of one fish and a few scattering cysts

on the intestine of another.

STATION 12. LAGOON POND, VINEYARD HAVEN, JULY 17, 1916.

[Sandy bottom.]

Length, 25 to 50.—^Maximum length, 50; minimum, 30; average, 43.1. Number
examined, 10. Food: Amphipods, 18.8; annelids, 49.2; copepods, 0.1; insect larvae,

0.1; debris, 31.9. Parasites: Distomes in each fish, maximum, 400 (approximate);
minimum, 2; average, 70.7.

Length, 51 to 75.—Maximum length, 56; minimum, 54; average, 55. Number
examined, 4. Food: Amphipods, 14.3; annelids, 51.3; insect larvae, 0.2; ostracodes,

trace; debris, 34.2. Parasites: Distomes in each, average, 39.2.

STATION 13. HEAD OP GREAT HARBOR, JULY 20, 1916.

[Bottom, .sand and eelgrass.J

Length under 25.—^Maximum length, 24; minimum, 22. Number examined, 2.

Food: Amphipods, 5; annelids, 40; copepods, 12.5; larval Crustacea, 7.5; ostracodes,

trace; debris, 35. Para^iites: Distomes, 25.

Length 25 to 50.—Maximum length, 42; minimum, 26; average, 33.1. Number
examined, 9. Food: Amj^hipods, 45; annelids, 8.3; copepods, 9.G; ga^strojxjd mollusks,

trace; ostracodes, 0.1; debris, 36.9. Parasites: Distomes in each fish, 38.3.

Length, 51 to 75.—Maximum length, 59; minimum, 58. Number examined, 3-

Food: Amphipods, 13.3; annelids, 50; young fish (80 per cent in one fish), 26.6;

debris, 10. Parasites: Distomes in each, 93.3.

STATION 14. HEAD OF GRE.\T HARBOR, JULY 22, 1915.

[Sandy bottom.]

Length, 25 to 50.—Maximum length, 50; minumum, 45; average, 47.6. Number
examined, 3. Food: Amphipods, 15; annelids, 61.6; copepods, 0.3; isopods, 1; ostra-

codes, 0.3; d6bris, 21.6. Parasites: Distomes, 2.3.

Length, 51 to 75.—Maximum length, 75; minimum, 51; average, 63.5. Number
examined, 17. Food: Amphipods, 12; annelids, 72; copepods, 0.1; insect larvae,

trace; isopods, 0.6; ostracodes, 1.3; univalve mollusks, 0.1; debris, 14. Parasites:

Distomes, 6.2; nematodes, 1, in one fish.
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Length, 101 to 125.—Length, 120. Numlier examined, 1. Food: Amphipods, 20;
annelids, 30; ostracodes, 5; univalve molhisks, 20; debris, 25.

STATION 15. GREAT POND, EAST FALMOUTH, JULY 22, 1915.

[Low tide, 1 to 2 feet of water; bottom, sand and mud with clams; seining done along edge of eelgrass half-
way up the pond; water clear, 78° F.; flounders, abundant.]

Length, 51 to 15.—Maximum length, 72; minimum, 52; average, 66. Number
examined, 9. Food: Amphipods, 20; annelids, 50; Cumacea, trace; isopods, 6.6;
debris, 23.4. Parasites: Distomes in each fish, average, 22.6.

Length, 76 to 100.—Maximum length, 96; minimum, 78; average, 88.2. Number
examined, 4. Food: Amphipods, 15; annelids, 51.2; isopods, 20; debris, 13.8.

Parasites: Distomes in each fish, average, 16.2.

Length, 101 to 125.—Maximum length, 125; minimum, 105; average, 115. Number
examined, 3. Food: Amphipods, 18.3; annelids, 58.3; isopods, 3; ostracodes, 0.3;

debris, 20. Parasites: Distomes in each fish, average, 12.6; Sporozoa, cysts in intesti-

nal wall of one fish (length, 125 mm.).
Length, 126 to 150.—Length of each, 135. Numlier examined, 2. Food: Amphi-

pods, 5; annelids, 87.5; clams, 6.2; debris, 1.2. Parasites: Distomes in each fish,

average, 1.5; Sporozoa, numerous cysts in intestinal walls of one fish.

Length, 151 to 175.—Maximum length, 175; minimum, 155; average, 168.3. Num-
ber examined, 3. Food: Annelids, 65; clams, 16.6; debris, 18.3. Parasites: Dis-
tomes in each fish, average, 15.3; Sporozoa, cysts very numerous in intestinal wall
of one fish.

STATION 16. EEL POND, JULY 25, 1916.

[Bottom, eelgrass and mud.]

Length, 51 to 75.—^Maximum length, 72; minimum, 58; average, 59.8. Number
examined, 5, Food: Amphipods, 51.2; annelids, 1; Cumacea, 13; debris, 34.8. Para-
sites: Distomes, 2; nematodes, one small Filaria in one fish.

STATION 17. CUTTYHUNK, JULY 26, 1916.

[Bottom, sand and eelgrass.]

Length, 26 to 50.—Maximum length, 50; minimum, 36; average, 43.7. Number
examined, 7. Food: Amphipods, 38.5; annelids, 22.8; copepods, 5.3; ostracodes, 0.8;

debris, 32.4. Parasites: Distomes, 6.5.

Length, 51 to 75.—^Maximum length, 75; minimum, 52. Number examined, 2.

Food: Amphipods, 56; annelids, 25; insect larvae, trace; debris, 24. Parasites: Dis-
tomes, 23; nematodes, 2.5. The debris consisted of annelid and crustacean fragments,
and cliatoms; the latter were interpreted as ha\T.ng been introduced with the
amphipods.

STATION 18. N/USHON, BUZZARDS BAY SHORE, JULY' 26, 1916.

[Bottom, sand and eelgrass.]

Length, 26 to 50.—Maximum length, 40; minimum, 37. Number examined, 2.

Food: Amphipods, 35: annelids, 20; copepods, trace; debris, 45. Parasites: Dis-

tomes, 6.5.

Length, 51 to 75.—Maximum length, 65; minimum, 52; average, 55.6. Number
examined, 6. Food: Amphipods, 77.1; annelids, 15; copepods, trace; insect larvae,

0.1; ostracodes, trace; debris, 7.6. Parasites: Distomes, 10.8; nematodes, 0.5; Spo-
rozoa, 1 cyst on serous membrane, between stomach and liver of one fish.

STATION 19. KATAMA BAY, MARTHAS VINEY^ARD, JULY 27, 1915.

[Bottom, sand, with much alg;p. The bay had been closed on the ocean side for the preceding six years.
There is, therefore, but little current produced by the tides. Flounders, few.]

Length, 26 to 50.—Maximum length, 49; minimum, 28; average, 38.5. Number
examined, 12. Food: Amphipods, 32.7; annelids, 11.8; Cumacea, 1.8; copepods,
26.3; cdelenterates (Sagartia), 0.5; univalve mollusk (Crepidula), 1.3; larval Crus-

tacea, 1.8; nemerteans, 0.5; ostracodes, 4; debris, 19.1. Parasites: Distomes, maxi-
mum, 317; minimum, 3; average, 99.7; Sporozoa, 1 cyst on intestine of smallest fish.

In one fish (32 mm. in length), the alimentary canal was empty except for the presence
of distomes, of which there were 317 in the stomach.
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Length, 51 to 75.—Maximum length, 58; minimum, 52. Numbor examined, 2.

Food: Amphip<«l8, 90; mollusks (Crcpidula), 10.

Length, 101 to 125.—Maximum length, 125; minimum, 115; average, 120. Number
examined, 5. Food: Amphipods, 4S; annelids, 28; eraba, 5.2; Limulus, .S; mollusks
C^repidula), 3.6; d^^bria, 12. Parasitea: Sporozoa, a few cysts on the intestines of three
fish.

Length, 126 to 150.—Maximum length, 150; minimum, 1,30; average, 1.38. Number
examined, 5. Food: Amphipods, 34.2; annelids, 35.6; bivalve mollusks, 10; crabs,

7.1; Limulus, 0.6; ostracodes, trace; shrimp, 0.9; imivalve mollusks, 4.6; debris, 7.6.

Parasitea: Distomes, 1.2.

Length, 176 to 200.—Length, 190. Number examined, 1. Food: Amphipods, 5;

annelids, 75; clams, 15; d('>l)ris, 5. Parasites: Distomes, 2.

STATION 20. K.\TAM.\ BAY, JULY 2S, 1916.

[Bottom, sand and gravel.]

Length, 26 to 50.—Lengtli, 45. Number examined, 1. Food: Amphipods, 65;
annelids, 15; copepods, 5; debris, 15. Parasites: Di.stomes, 50.

Length, 51 to 15.—Maximum length, 74; minimum, 52; average, 63.2. Number
examined, 13. Food: Amphipods 65; annelids, 11.2; })ivalve mollusks, 0.1; cope-
pods, 0.1; iso{X)ds, O.i ; ostracodes, 0.1; de])ris, 23.4. Parasitea: Distomes in each fish,

average 20.1; Sporozoa, 1 cyst, 2 mm. in diameter, on intestine of one fish (61 mm.).

STATION 21. MONUMENT BEACH, AUGUST 1, 1916.

[Bottom, sand and celgrass.]

Length, 25 to 50.—Maximum length, 50; minimum, 35; average, 41.8. Number
examined, 5. Food: Amphipods, 40.6; annelids, 26; copepods, 4.8; Cumacea, 1;

debris, 27.6. Parasites: Distomes, 3.4.

Length, 51 to 75.—Maximum length, 75; minimum, 52; average, 60.3. Number
examined, 6. Food: Amphipods, 14.1; annelids, 48.3; debris, 37.5. Parasites:

Distomes, 1.1; Sporozoa, 1 cyst, 2 mm. in diameter, on intestine of one fish (59 mm.).
Length, 76 to 100.—Length, 80. Number examined, 1. Food: Amphipods, 50; crabs,

2;isopod8, 12; shrimp, 2; debris, 34. Parasites: Nematodes, 2.

STATION 22. ME.NEMSHA POND, AUGUST 2, 1916.

[Bottom, sand and eelgrass.]

Length, 26 to 50.—Maximum length, 50; minimum, 43; average, 47.2. Number
examined, 5. Food: Ampliipods, 32.4; annelids, 38; co]3epods, trace; debris, 29.6.

Parasites: Distomes, 4.6.

Ijength, 51 to 75.—Maximum length, 74; minimum, 57; average, 65.5. Number
examined, 7. Food: Ampliipods, 6.7; annelids, 58; debris, 35.2. Parasites: Dis-
tomes, 1.8.

STATION 23. MENEMSH.\, INSIDE BREAKWATER, AUGUST 2, 1915.

[Bottom, sand and pebbles.]

Length, 25 to 50.—Maximum length, 42; minimum, 35. Number examined, 2.

Food: Amphipods, 17.5; ostracodes, 20; debrLs, 62.5. Parasites: DLstomes, 24.5.

Length, 101 to 125.—Length, 110. Number examined, 1. Food: Amphipods, 3;

isopods, 2; shrimp, 75; debris, 20.

Length, 126 to 150.—Maximum length, 140; minimum, 127; average, 130.2. Num-
ber examined, 4. Food: Ampliipods, 27.5; annelids, 10; isopods, trace; mollusks
(siphons of clams), 7.5; shrimp, 47.5; debris, 7.5.

STATION 24. MOUTH OP TRURO HARBOR, CAPE COD BAY, AUGUST 8, 1916.

[Bottom, sandy.]

Length, 25 to 50.—Maximum length, 50; minimum, 44; average, 46.7. Number
examined, 4. Food: Amphipods, 1; annelids, 80; insect larvae, 0.5; debris, 18.5.

Length, 51 to 75.—Maximum length, 62; minimum, 60. Number examined, 2.

Food: Annelids, 82.5; debris, 17.5. The indigestible residue in this lot of fish, as in all

cases where annelids form the bulk of the food, is sand, and has doubtless been
introduced with the annelids.
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STATION 25. MENEMSHA, AUGUST 10, 1915.

[Inside harbor, on grassy and gravelly bottom.]

Length, 51 to 75.—Length, 70. Number examined, 1. Food: Amphipods, 50;

annelids, 25; debris, 25.

Length, 101 to 125.—Maximum length, 125; minimum, 115. Number examined, 2.

Food: Amphipods, 25; annelids, 72.5; debris, 2.5. Parasites: Sporozoa, many cysts

on intestine of smaller fish.

Length, 126 to 150.—Maximum length, 150; minimum 130; average, 140. Number
examined, 4. Food: Amphipods, 21.5; annelids, 71.2; bivalve mollusks, 0.1; fish,

0.5; isopods, 0.3; debris, 6.6. Parasites: Distomes, 50.

Length, 151 to 175.—Maximum length, 175; minimum, 153; average, 161.2. Number
examined, 4. Food: Amphipods, 1.6; annelids, 95; bivalve mollusks, 0.3; univalve
mollusks, 0.1 ; debris, 3. Parasites: Distomes, 45; Sporozoa, 1 cyst on intestine of fish

measuring 153 mm.

STATION 2G. lackey's BAY, AUGUST 3, 1915.

[Mnddy bottom, fish collected at high tide.]

Length, 51 to 7.5.—Maximum lengtli, 74; minimum, 55; average, 64.8. Number
examined, 6. Food: Amphipods, 13.1; annelids, 27.3;copepods, 0.1; insect larvse, 2.5;

ostracodes, 0.1; debris, 56.6 (consisting of a little vegetable material and sand). Para-

sites: Distomes, 3.8.

Length, 76 to 100.—Maximum length, 100; minimum, 76; average, 83.5. Number
examined, 4. Food: Amphipods, 31.2; annelids, 57.5; insect larvae, 3.4; ostracodes,

0.9; debris, 6.7. Parasites: Distomes, 3.2; Sporozoa, many cysts on lower part of in-

testine of fish 100 mm. in length.

Length, 101 to 125.—Maximum length, 122; minimum, 115; average, 119. Number
examined, 3. Food: Amphijwds, 15; annelids, 5; bivalve mollusks, 0.3; ostracodes,

trace; univalve mollusks, 0.3; debris (some vegetable material), 79.3. Parasites:

Nematodes, 0.3; large numbers of cysts of Sporozoa on intestine of fish measuring
120 mm.

Length, 126 to 150.—Maximum length, 142; minimum, 126; average, 136. Number
examined, 4. Food: Amphijiods, 8.5; annelids, 25.2; bivalve mollusks (young Mya
and Solenom\a), 5; ostrac^odes, 0.2; debris (a little vegetable material, with fragments

of amphipods, setae of annelids, and sand), 61. Parasites: Distomes, 1.5; nematodes, 1.

STATION 27. EEL POND, SEPTEMBER 2, 1915.

[Bottom, eelgrass and mud.]

Length, 51 to 75.—Length, 62. Number examined, 1. Food: Amphipods, 95;

ostracodes, trace; debris, 5. Parasites: Nematodes, 2 small Filaria and 1 immature
Ascaris.

Length, 126 to 150.—Maximum length, 142; minimum, 130; average, 138. Number
examined, 3. Am])hipods, 95; bivalve mollusks, 0.3; ostracodes, 0.3; debris (trace

of vegetable material), 4.3.

Length, 151 to 175.—Maximum length, 172; minimum, 154; average, 144.6. Num-
ber examined, 6. Food: Amj>hipods, 48.3; annelids, 7; bivalve mollusks (Venus,
small), 5; Cumacea, trace; ostracodes, trace; univalve mollusks (Bulla, etc.), 4.1;

debris, 35.6. Parasites: Nematodes (Filaria), 4.3; many cysts on rectum of one fish

(150 mm.), a few cysts on mesentary of another (172 mm".).

Length, 176 to 200.—Maximum length, 192; minimum, 182. Number examined, 2.

Food: Amjihipods, 27.5; annelids, 25; imivalve mollusks (Bulla), 5; debris, 42.5.

Length, 201 to 225.—Maximum length, 225; mimimum, 212. Number examined, 2.

Food: Amphipods, 5; annelids, 5; bivalve mollusks, 1; univalve mollusks (Bulla),

42.5; debris (some vegetable material), 46.5. Parasites: Nematodes, 1 (Filaria).

STATION 28. SHEEP-PEN COVE, SEPTEMBER 9, 1915.

[Bottom, mud and sand; high tide; depth, 3 feet; temperature of water, 67° F.j

Length, 51 to 75.—Maximum length, 73; minimum, 58; average, 66. Number
examined, 4. Food: Amphipods, 50; annelids, 33.7; debris, 16. Parasites: Dis-

tomes, 4.7.
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Length, 7C> (n WO.—Maximnm lonc:th, 90; niinirmim, S/). Nnml)or examined, 2.

Fond: Amjiliipods, 75; aniiclidH, 20; d('l)ns, 5. I'anisUo.s: Distomes, 10.

Lenffth, 101 to J 15.—Txin,<,'tli, 101. NiimlxT exainiiiod, 1. Vcmh\: Amphipods, 2;

annelids, 88; dc'^bria, 10. Parasites: Distonies, 2.

Lenr/ih, UG to 1.50.—Length, 132. Number examined, 1. F(X)d: Amphipods, 1;

annelids, 05; debris, 4.

STATION 29. MENEMSHA Bir.HT, SEPTEMBER 10, 1915.

fSandy bottom with eolgrass; depth of water, G feet: temperature, GS' F.]

Length, 51 to 75.—Length, 70. Number examined, 1. Food: Amphipods, 4; anne-
lids, 48; d(5bris, 48. Parg-sites: Distonies, 5; nematodes (Filaria), 2.

Length, 126 to 150.—Maximum length, b50; minimum, 140. Number examined, 2.

Food: Amphipods, trace; annelids, 50; bivalve moUusks, 2.5; debris, 47.5. Para-
sites: Distomes, 1; Acanthocephala, 1 in one fish.

Length, 151 to 175.—Maximum lengtli, 102; minimum, 152; average, 15(5.3. Num-
ber examined, 3. Food: Anip]ii])()ds, 9; annelids, 20.3; bivalve mollusks (broken
shells, probably introduced with annelids), 3.3; shrimp, 10.G; debris, 50. G. Para-
sites: Distomes, 2; nematodes, 1 small Filaria in one fish.

STATION .•?0. GREAT HARBOR, SEPTEMBER 14, 1915

[Sandy bottom.)

Ljcngih, 51 to 75.—Maximum length, 72; minimum, 62; average, 66.5. Number
examined, 4. Food: Amphipods, 69.5; annelids, 10; osti'acodes, trace; debris (sand,

with annelid sette), 19.5. Parasites: Distomes, 1.5; sporocysts, few, 0.5 mm. in

diameter, on intestine of one fish.

Length, 76 to 100.—Maximum length, 96; minimum, 84; average, 88.3. Number
examined, 3. Food: Amphipods, 14..3; annelids, 69.6; Cumacea, 1.3; debris (some red
alga in one fish), 14.6. Parasites: Distomes, 1.

Length, 126 to 150.—Length, 128. Number examined, 1. Food: Ampliipods, 15;
debris (sand, with annelid setae, alimentary canal nearlj- empty), 85. Parasites:

Sporozoa, large numbers of cysts, 1 mm. and less in diameter, on intestine.

STATION 31. EEL POND, SEPTEMBER 18, 1915.

[Bottom, mud and eelgras:?; temperature of water, 70° F.]

Length, 51 to 75.—length eacli, 70. Number examined, 3. Food: Amphipods,
91.7; annelids, 8.3. Parasites: Distomes, 1 in one fish; nematodes, 1 in one fish;

Sporozoa, wall of intestine of one fish thickly beset with small cysts, 0.4 mm., more or
less, in diameter, and 1 cyst, 2 mm. in diameter, on intestine of another.

Length, 76 to 100.—Maximum length, 90; minimum, 87; average, 98. Number
examined, 3. Food: Amphipods, 97.6; bivalve mollusks. 0.3; ostracodes, 2. Para-
sites: Distomes, 2.

STATION 32. EEL POND, OCTOBER 18, 1915.

[Muddy bottom; temperature of water, 55° F.]

Length, 101 to 125.—Length, 104. Number examined, 1. Food: Amphipods, 80;
annelids, trace; bivalve mollusks, trace; ostracodes, trace; debris, 20. Parasites:
Nematodes, 1 (Filaria).

Length, 126 to 150.—Maximum length, 150; minimum, 130; average, 136.6. Num-
ber examined, 3. Food: Amphipods, 53.3; annelids, 3.3; bivalve mollusks, 0.3;
ostracodes, 0.3; debris (some vegetable material, scales and bits of muscle tissue of
fish, and crustacean fragments), 42.6. Parasites: Nematodes, 1 (Filaiia) in one fi.sh;

Sporozoa, large numbers of cysts on intestine of each fish, 1 mm. and less in diameter.
The alimentary canal of one fish, 150 mm. in length, was nearly empty; the tissue of
the intestinal wall was almost completely replaced by cysts. In eacli case the cysts
were closely crowded together and the intestine was easily broken.

Length, 151 to 175.—Maximum length, 158; minimum, 155. Number examined, 2.

Food: Am])hipods, 12.5; annelids, 30; ostracodes, trace; debris, 57.5.
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STATION 33. QUISSET HARBOR, OCTOBER 19, 1915.

[Muddy bottom; temperature of water, 55° F.]

Length, 76 to 100.—Maximum length, 96; minimum, 82; average, 88.6. Number
examined, 3. Food: Amphipods, 16.6; annelids, 11.6; shrimp, 30; debris (contents
of intestines of annelids), 41.6. Parasites: Sporozoa, a few cysts, 2 mm. in diameter
and less, on intestine of smallest fish.

Length, 101 to -125.—Maximum length, 124; minimum, 110; average, 116. Number
examined, 9. Food: Amphipods, 2.9; annelids, 32.4; bivalve moUusks, 0.8; isopods,

0.1; shrimp, 24; imivalve mollusks (Bulla), 12.1; debris (largely from annelids), 27.6.

Parasites: Distomes, 0.2; nematodes (Filaria), 1.

STATION 34. QUISSET HARBOR, OCTOBER 22, 1915.

[Sandy bottom; temperature of water, 55° F.]

Length, 51 to 75.—Length. 62. Number examined, 1. Food: Amphipods, 2;

deliris, 98.

Length, 76 to 100.—Maximum length, 98; minimum, 80; average, 90.2. Number
examined, 4. Food: Amphipods, 21.5; annelids, 43.5; bivalve mollusks, 0.5;

debris, 34.5. Parasites: Distomes, 2 in one fish (98 mm.); nematodes, 1 (Filaria) in
one fish (80 mm.).

Length, 101 to 125.—Length, 110. Number examined, 1. Food: Amphipods, 2;
annelids, 68; debris, 30.

STATION 35. BUZZ.\RDS BAY SHORE, NEAR WOODS HOLE, OCTOBER 26, 1915.

[Bottom, white sand; temperature of water, 55° F.]

Length, 51 to 7.5.—Maximum length, 74; minimum, 54; average, 63.6. Number
examined, 5. Food: Amphipods, 10.2; annelids, 60; debris (sand with algae, and
annelid setse), 29.8. Parasites: Distomes, 1.4.

Length, 76 to 100.—Maximum length, 96; minimum, 78; average, 84. Number
examined, 3. Food: Amphipods, 1.6; annelids, 43.3; shrimp, 13.3; debris (sand,

algae, and annelid setae), 41.6. Parasites: Distomes, 4.6; Sporozoa, numerous cysts,

1.5 mm. and less in diameter, on intestine of one fish.

STATION 3G. EEL POND, NOVEMBER 2, 1915.

[Muddy bottom.]

Length, 76 to 100.—Maximum length, 100; minimum, 78; average, 90.2. Number
examined, 5. Food: Amphipods, 76; annelids, 9; isopods, 5; ostracodes, 0.4; debris,

9.6. Parasites: Distomes, 0.6; nematodes, 0.4; Sporozoa, 1 cyst, 3.5 mm. in diameter,
on intestine of one fish (100 mm.), numerous cysts, 1 mm. or less in diameter, clus-

tered on lower half of intestine of one fish (92 mm.). In a fish measuring 86 mm. the
intestine was densely covered and its walls filled with cysts 1 mm. or less in diameter.
The intestine was easily broken in the formalin specimen. The alimentary canal
was nearly empty. The same condition was noted under station 32.
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Foon .\ND Para.sites op 398 Small Winter Flounders Distributed According
TO Size of Fish, Number of Yish, and Number of Stations.

[FiRiircs roforring to food represent average per cent of volume; figures referring to parasites represent
mimerical average except under Sporozoa, where they indicate the number of fish in which cysts were
found.]
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near it. Thus it is easily explained why it is that the principal

food of this bottom fish is not such objects as would be obtained
by rootmg or grubbing in the sand and mud, but crustaceans and
annelids, the capture of which recpiires considerable agility.

The presence of the siphons of pelecypod mollusks, which are

occasionally found in the stomachs of flounders, is accounted for

when it is recalled that flounders often bite off the extended siphons
of mollusks. The appearance of such siphons as I have found in

the stomachs of flounders would indicate this origin rather than that
they represent the least digestible parts of the mollusk.

Vinal Edwards 's record shows that 028 adult winter flounders were
examined on 82 dates. The following data from his unpublished
food notes are appended: .\jinelids are recorded on dates, in 50
fish; Crustacea, on 10 dates, in 67 fish; ascidians, on 26 dates, in 126
fish; and mollusks, on 11 days, in 56 fish. The ascidian which Mi*.

Edwards records is Botryllus gouldii, which occurs abundantly on eel-

grass, where it forms translucent, fleshy incrustations. The small
flounders which the author has examined did not contain any
tunicate material.

An increase in the ratio of annelids to Crustacea with the size of

the fish is observable in fishes under 200 mm, in length. Thus the
percentages are: In 150 fish, 50 mm. and under, Crustacea 51.45,

annelids 18.10; in 148 fish, 51 to 100 mm. in length, Crustacea 41.21,

annelids 34.47; in 75 fish, 101 to 150 mm. in length, Crustacea 34.74,

annelids 32.10; in 23 fish, 151 to 200 mm. in length, Crustacea 14.17,

annelids 36.91.

o
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INTRODUCTION.

During the period of the war the production and consumption of

fishery products were stimulated, receiving much encouragement
from governmental and other agencies as a war measure. This
resulted in making provision for a considerable expansion of facili-

ties for the capture, preservation, and marketing of fishery products,
the fulfillment of which extended into the postwar period. In this

readjustment period a heavy decline in the consumption of fish not
only in the United States but in other countries has been apparent.
Achled to this advancing prices of labor and materials, curtailment
in export trade, and other factors, such as labor difiiculties, produced
in some respects one of the most difficult and threatening situations
in the history of the industry. Even in 1919, while provisions for
greater production were bein^ fulfilled, the effects of these cofidi-

tions were felt and the curtailment in production in certain of our
important fisheries as compared with the previous year was quite
marked. For example, many of the large New England trawlers
were tied up for lack of markets. The catch of the vessel fisheries

centering at Boston and Gloucester, Mass., and Portland, Me., in
1919 decreased more than 9,000,000 pounds as compared with 1918
and in 1920 there was a further decrease in excess of 16,000,000
pounds. The packs of salmon and sardines were materially cur-
tailed in 1920, and increasing difficult}^ has been experienced in
marketing such fish as OToupers on the Gulf coast, considerable
quantities being dumped for lack of markets.
These conditions have compelled a much closer, more serious

study of the economic situation. As a result there has been an
unusually heavy demand upon the Bureau for statistical and tech-
nological data, the conduct of investigations which promise improve-
ment in practices and economies of operation, aid in stimulating the
consumption of fish, and the extension of the use of fishery products
in the arts and industries. Although the reduction in the division's
appropriation for the fiscal year 1921 to $7,500 has compelled the
practical abandonment of technological research for the current fiscal

year, an efiort has been made to render the industry the fullest
possible measure of service for its betterment and the benefit of the
consuming public.

SUMMARY OF OPERATIONS.

For effecting improvements and economics in the methods of con-
ducting the fisheries, arrangements were perfected by the Bureau
for an extended trial of seaplanes to determine their commercial
value as an adjunct to the fisheries, and a fishery intelligence service
was mitiated in New England for supplying information as to the
presence of schooling fish in the vicinity of advantageously located
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lightships and hghthouses. In addition, information regarding the
construction and operation of lesser known fisliing gear and methods
has been obtained for the use of the fisheries. The need for improve-
ments in the methods of handling, distributing, and marketing of

fishery products has been felt, and improvements, such as the exer-
cise of greater care in handling fish by eliminating the use of pitch-
forks, the avoidance of needless bruising of the fish, and the adoption
of some form of precooling on the vessels, has been urged upon the
producers. Much assistance has been given producers in tlie securing
and transporting of materials such as salt, barrels, etc., which were
required for immediate use in preserving fish in abundance.

In the field of fisheries technology practical application has been
made of methods developed in the course of its fish-salting investi-.

gations, and studies have been made and reports prepared on the
preservation of fish nets and methods of determining the fatness of

certain fishes. The investigations of the problems of the commer-
cial fish canner have been continued at San Pedro, Calif. The Bureau
has continued its efi'orts to stimulate the saving of waste products of

the fisheries and their conversion into marketable commodities with
excellent success. The production of fish meal and fish leather, the
saving of such articles as shark fins, and the utilization of fish scales

have materially increased.

The statistical activities of the division have included the collec-

tion of detailed statistics of the vessel fisheries centering at Boston
and Gloucester, Mass., Portland, Me., and Seattle, Wash., and the
publication of the results in monthly and annual bulletins; and
canvasses of the shad fishery of the Hudson River, of the shad and
alewife fishery of the Potomac River, and of the Maine sardine

industry, all for the calendar year 1920. A canvass of the fisheries

of the New England States for the calendar year 1919 was under-
taken and the field work completed about March 1, 1921. The
results of these canvasses are contained in the present report, together

with the detailed tables of the canvass of the fisheries of the South
Atlantic States for 1918, a summary of the storage holdings of frozen

fish during 1920, and the quantity of fishery products by species and
by months for California in 1920. The report also contains statis-

tical data on the production of fish oils, scrap, and meal, a summary
of the fisheries of both coasts of Florida in 1918, a summary of the
fisheries of the Gulf States for various years, certain sponge statis-

tics, etc.
SERVICE.

Units of the Federal Government such as this division receive an
appropriation for the rendering of service. It is usually difficult to

ascertain on a monetary basis the value of the service rendered, and
the organization is not infrequently criticized as not rendering
service in proportion to the facilities supplied for its work or through
misimderstanding of its limitations. It may therefore be of interest

to refer to the appreciation expressed by competent persons of the
value of several phases of its work.

Of the Bureau's new method of salting fish, a practical demonstra-
tion of which was given on the St. Johns River, Fla., one writer

states

:

We consider tlie information and the demonstration worth thousands of dollars to

lis alone, not saying what it is worth to the industry at large on the St. Johns River.



FISHERY INDUSTRIES OF THE UNITED STATES. 7

Regarding the introduction of lish meal production on the Atlantic

seaboard, one writes:

We estimate that the work done by your force in liehalf of lish meal increased the
vahie of last season's lish products at this poijit considerably abo\e §10(1,000, and I

am frank to eay that were it not for this new market 1 do not think it would be possible

for us to operate our plants this season, o^v^ng to the very unsettled conditions in the
fertilizer trade.

Of the Bureau's paper on Preservation of Fish Nets, an authority
in the net and twine trade states

:

It was a surprise to find it had been possible to prepare such an interesting and
instructive article, and the author is to be congratulated on his splendid work.

AID IN IMPROVING FISHING OPERATIONS.

Activities in this field have been confined mainly to aiding in the
determination of the value of aircraft for spotting fish, to provision
for supphang reports from certain lightships and lighthouses regard-
ing the presence of schooling fish to the trade,.and to studies of con-
struction and operation of fishing apparatus, the use of which is

limited.

FISHERY INTELLIGENCE SERVICE. i

The search for fish in the sea is difficult and hazardous. In pro-
portion to cash returns, the expenditure of time, labor, and materials
IS heavy. Vessels may seek catches of blueiish, mackerel, men-
haden, or tuna for weeks without appreciable results. A vessel may
discover good fishing but in the absence of means of communication
can not advise other relatively near-by vessels operating unsuccess-
fully of the location of the schools. In a calling conducted under
such handicaps it is important that use be made of every available
aid and of every new development of science which promises to
increase efficiency of operation without danger to the supply of the
future.

As early as 1883 the aid of the United States Life Saving Service
was enlisted by the United States Commission of Fish and Fisheries
in reporting the presence of whales and other cetaceans and rare
sharks and supplying information regarding them. At various
times the Bureau's vessels have been employed in behalf of the fisliing

industry in locating schools of fish such as mackerel and tuna. In
1917, the Bureau of Fisheries, with the aid of the Washington-Alaska
Military Cable and Telegraph System, operated by the War Depart-
ment, inaugurated an intelligence service to communicate by tele-

graph to a number of coastal towns in Alaska the current prices of
certain species of fishes ofi"ered at Seattle and Ketchikan. This
service furnishes at a very small cost information which could not be
gotten by private individuals without considerable effort and cost
and is appreciated. Details of this service are to be found in Alaska
Fisheries and Fur Industries reports of the Bureau for the years
1917 to 1921.

USE OF AIRCRAFT.

In April, 1919, attended by representatives of the New England
fisheries, the Bureau of Fisheries, and the patrol division of Naval
Aviation, a conference was held in Washington, D. C, at which
tentative arrangements were made for a properly qualified observer
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to make flights over such parts of the Atlantic as seemed necessary
for spotting schools of fish, such as mackerel, and for forwarding the
information obtained to organizations of the fisheries. At this

meeting the subject of direct communication between planes and
fishing vessels by means of the radio telephone was considered. The
possibility of employing seaplanes to advantage in the menhaden
fishery was also called to the attention of operators in the Chesapeake
region, but nothing resulted from either of these negotiations during
the year.

Oil July 28, 1919, W. W. Welsh, scientific assistant. Bureau of

Fisheries, made a flight of about 1^ hours in a naval seaplane from
Cape May, N. J., to Five Fathom Bank. This flight was made at a
speed of about 40 miles an hour at an altitude of 500 to 1,000 feet.

Mr. Welsh reported that no schools of menhaden were breaking
water at the surface but that large numbers of small schools were
observed at estimated depths of from 2 to 10 feet or more. He
stated that:

The range of visibility of the menhaden schools varied according to the depth of the
school and the angle of incidence of the sun's rays. Had the fish been ruffling the
surface they could have been seen as far as the size of the school and the atmospheric
conditions permitted. This was evident by the visibility of tide rips and cat's-paws
of wind upon the surface. The deeper the school the more necessary it was to approach
it in order to see it. The deepest schools observed were only visible from directly
above. Wlien the sun's rays were reflected from the surface, it was impossible to see
anytliing, and the visibility improved as the eye was diiected away from the angle of

incidence of the sun. On the particular day in question the majority of the schools
of fish were at such depth that they were in-\dsible at a greater angle than 45 or 50°

from the nadir, and then only on the side of the plane away from the eun. But some
schools nearer the surface could be seen much farther off. Besides the general value
of such observations, in no other way can such a clear idea be obtained of the
abundance or scarcity of schooling fish and the characteristic appearance of the
schools. * * *

The most e\T.dent opportunity for the practical use of aircraft in the commercial
fisheries at the present time lies in their employment as scouts for the purse-seine
fishermen in the pursuit of such species as menhaden, mackerel, bluehsh, bluebacks,
kyacks, and other schooling fish. In the case of the spring mackerel fishery it is

believed that the use of aircraft would save much time in locating the fish upon their
first appearance and in enabling the fishermen to keep in touch A\"ith the fish as they
appeared farther north.

In January, 1920, representatives of the Naval Aviation Service
and the Bureau of Fisheries again discussed the possibility of using
seaplanes in locating fish on the north Atlantic coast, and on Febru-
ary 25, at the request of the Secretary of Commerce, the Secretary of

the Navy authorized the experiment, and the proposal was placed
before various fishery organizations. The menhaden fishermen
showed constructive interest in the subject, and the commandant of

the Fifth Naval District detailed two Navy seaplanes, with pilots,

and the fishing companies provided observers familiar with the species.

The fishing areas in Chesapeake Bay and along the coast between
Assoteague and Bodie Island Lights were blocked off into lettered

sections and numbered subdivisions for expediency in transmitting
information as to the location of schools sighted. At first this infor-

mation was communicated to the fishing vessels by signal flags sus-

pended from the plane. Later after the installation of radio equip-

ment on two vessels and at the shore station of one of the companies,
a radio operator accompanied the plane to transmit the messages as

soon as the fish were located. These daily patrols were continued
from June 14 to October 1, when the Navy Department abandoned
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thorn on tlio o;r<)ini(l thnt the oxporimont had fully (Icinonstrntcd the
commercial vahie of phines in tnis lishery. This first thorough test

of aviation as an adjunct to the commercial fisheries has proved of

great benefit to the industry, and the purchase of planes by tne fishing

companies is being seriously considered.

In December, 1919, as a result of arrangements between the naval
authorities, the fishing interests, and the State commission, naval
seaplanes were given trials at wSan Diego, Calif., for spotting schools
of lish. They are reported to have been of some value in locating
schools of sardines, but their usefulness in locating albacore, tuna, and
yollowtail remains to be more definitely established. In the summer
of 1920 a hydroairplane was operated for n time at San Pedro, but
was not entirely successful. A dirigible trip was also made at San
Diego by an official of the State commission for the same purpose.
The aviation service of the United States Coast Guard, Treasury
Department, has shown an interest in the utility of fish spotting in

connection with its air patrol and training, and the Bureau of Fish-
eries is endeavoring to effect cooperation between the aviation station
of that service at Morehead City, N. C, and the fishermen of that
region.

The work done has yielded results of value, but should be continued
for the purpose of ascertaining the value of aircraft in other fisheries,

such as mackerel, bluefish, tuna, and herring.

NEW ENGLAND FISHERY INTELLIGENCE SERVICE.

In the summer of 1920 the Bureau investigated the possibilities of
securing useful information daily from keepers of certain lightships
and lighthouses as to the presence of schooling fish, such as mackerel
and pollock. Through the courtesy of the Director of Naval Commu-
nications and the Commissioner of Lighthouses, the Bureau of Fish-
eries made arrangements to have the occurrence of such fishes

reported by the keepers of PollocTc Rip, Nantucket Shoals, and Fire
Island lightships. This service was mitiated about November 1,

1920, messages reporting any observations mad6 during the preceding
24 hours being sent by radio at noon daily from these vessels to shore
stations and forwarded to the Bureau's agent at Boston for dissemi-
nation and transmittal to agents in Gloucester and Portland. It was
appreciated that the service was being established near the close of the
season, but it was desired to have it in efficient working order on the
resumption of more active fishing in the spring. If the service proves
of value it is planned to increase the number of stations from which
reports are received.

NOTES ON FISHING GEAR.

The following descriptions of fishing gear employed in the Califor-
nia fisheries have been furnished by R. A. Coleman, agent. Bureau of
Fisheries. The use of the paranzella and lampara nets in American
waters is practically restricted to southern California.

PARANZELLA NET.

The paranzella is the net chiefly used in deep water and bottom
fishing on the California coast, especially by the large fishing com-
panies operating with steam and power boats. This type of net (the
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Italian word ''paranzella" means a sloop or' fishing boat propelled

by sails, and this net was always used with such boats) has been in use

on the Mediterranean for a long period. It is said to have been intro-

duced in California in 1876. It is a heavy and strongly constructed

net, intended for dragging the bottom in a manner similar to the

otter trawl, although it is of quite different make. It proves an
efficient means of taking fish.

There is no strict uniformity in the method of construction. The
differences are, however, relatively slight, and the type is constant.

The nets difter in length from 25 to 35 fathoms and in form according

to the use to be made of them and individual fancy. They are

made in several sections or ''pieces," varying from four to eight.

The net illustrated (fig. 2) and on which the discussion is based is

the true type of the paranzella and has eight pieces. The first, the

wings, which are 150 meshes (3-inch) in length by 300 in width, are

made of No. 9 or 12 cotton twine. The wings are ofteif more ex-

tended, if it is desired to obtain greater sweep, and may reach con-

siderable length. The second piece is 200 meshes (2TV-inch) in length

by 300 in width, of No. 9 twine. The third is 100 meshes in length

(2Wnch) by 250 in width, of No. 12 twine. The fourth is 60 meshes
in length (2^-inch) by 225 in width, of No. 18 twine. The fifth is

18 or 20 meshes (3i or 3^ inch) in length by 270 in width, of No. 42

or 60 twine, and is practically a portion of the bunt. Many nets

omit this piece entirely. The sixth piece forms the bag, or bunt,

proper. It is 60 meshes (4-inch) in length by 220 in width, of No.

84 twine. Sometimes the top is made of 3J-inch mesh. No. 42

twine, while the sides and bottom are 4-inch mesh, of No. 84 twine

or rope. The other pieces are the ques (scagnetto, in Italian),* which

serve to strengthen the net, and especially to help carry the weight

of the bag. The top que is 62 meshes (4-inch) wide at the front

end, tapering to 30 meshes at the back end, reduction being made at

the center, 9 fathoms long. The bottom que is 42 meshes (8-inch)

wide in front, tapering to 30 meshes at the other end, reduction

being made in the center, and is 8 fathoms long. No. 64 twine being

used for both ques. It will be noted that the bottom que is about

a fathom behind the top que.

The head of the top que is attached to the rope (3i-inch soft

manila, which carries the wings and takes the strain of the net) in a

special manner, as illustrated in the drawing of the net. It does not

follow the curve, but its end is straight and is lashed to the rope

(using No. 60 or 84 twine), gradually lengthening at the sides of the

que to accommodate the curve. Two meshes are picked up by the

needle, an overhand knot is made in them, and the lashing led to the

rope, when three round turns are taken and fastened.

A crown of about 20 corks, graduated in size, is sometimes attached

to the front end of the top que to assist in sustaining it when the

strain is expected to be heavy.
For convenience in removing the fish from the bag, either two or

three openings, or "doors," are left in the top. These are 20 or

more meshes in length and are trimmed with 1 or H inch manila

rope and lashed together with No. 9 or No. 12 thread rope. There is

also a bottom, or end, door to the bag, trimmed as the others. It is

closer to the bottom of the net than to the top.
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The cork lino is about 35 fathoms long, of li-inch manila rope. It

carries about 35 corks on each side. These corks are either round or

oval and are about 6 inches in diameter, perforated in the center for

reeving on the line.

The lead line, which really carries the weight and strain of the

whole net, is of soft manila, and varies in circumference from 3^ to

4^ inches, according to size of net and preference of maker. The
lead line bounds not only the longitudinal bottom of the not, })ut

likewise the entire four siaes of the end of the bunt, thus giving great

strength and lifting power to that part. It is also practiciilly con-

tinuous over the front of the net, being carried alon^ the lower sides

of the wings to the towing bar, and thence around the top of the

wings and front, or top que, and of the net, making a complete
circuit. Sometimes the portion bounding the upper sides of the

wings and top que is a half inch or so less circumference (of soft

manila) than the lead line proper. This upper portion of the line

carries 6 or 8 wooden thimbles to the side, similar to those on the

lead line, though generally more rounded in shape. These are in-

tended to prevent chafing when the net is hoisted aboard.
The lead line proper carries 6 to 10 leads on each side. These

leads weigh 1 pound each. They come in flat pieces and are beaten
into place about the line. (Some fishermen say that leads are not
necessary at all, as the weight of the net holds it well at the bottom.)
In addition there are on each side 4 wooden thimbles about 8 inches

long. They are turned in two pieces to fit the rope and are lashed

about it. Their purpose is to lessen the chafing.

The towing bar is about 24 inches in length by 2 inches in diameter,

of pine or hardwood. For details of the method of its use, and also

for the method by which the weight and strain of the net is taken at

the towing end, reference is directed to the illustration. The ring by
which the net head is attached to the towing bar hangs about 6 feet

behind the bar.

The net is hung from the cork line by lashings, or seizings, at inter-

vals of either three or four meshes, according to expected strain,

and the loops are allowed to fall about 6 inches below the cork line.

From the front top corners of the bag two 60-fathom, 4^-inch

hard manila ropes are attached. These are led to the winch when
the net is being hauled, in order to carry the weight of the bag with
its load of fish. Two 5-fathom ropes of the same size, or some-
times 3^-inch, are attached to the top back corners of the bag, and
when it is desired to hoist the bag on board these are bent onto the

60-fathom ropes at the front end of the bag, which is thus hoisted

from its four corners.

The fish are taken from the net thi'ough the doors with a heavy
scoop net of 2^ or 3 feet diameter, with strong wooden handle.

These scoops are sometimes so heavy that it requires two men to

operate them.
The net is towed by two 60-foot, or more, seagoing fishing boats.

The towing lines or warps are of 34-inch hard manila 700 or 800
fathoms in length.

Operations are carried on in the following manner: When it has
been determined by sounding that a suitable bottom has been found,
the boat which carries the net slows down. The other boat comes
alongside and passes its towing line to the first. This is attached
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to one wing of the net. The boats then separate, the net is shot,

and they be^in paying out their respective warps through special
shackles at tlie stern. After 50 or 60 fathoms have passed out an
iron weight, or sinker, weighing 25 to 35 pounds is attached to each
hne, in order to sink the net, and the remainder of the rope, 450 or
500 fathoms, is payed out. The towing speed varies from 2^ to 4
knots per hour. The opening in the net is about 12 fathoms from
one towing bar to the other. Ordinarily tlie boats tow about 800
feet apart. In stormy weather this distance is somewhat reduced,
and in fine weather is extended.

In some instances fishermen prefer to purchase the bunt of their

nets ready-made, in which case it is usually made by machinery.
Sometimes, also, other parts of the net are purchased. A figure-

eight knot is generally used in machine-made nets, but the parts
m.ade by hand are almost always made with the customary fisher-

man's knot. The illustration is not drawn to scale.

LAMPARA NET.

This net originated in the Mediterranean, where it has long hcvn
in use. It is said to have been brought to California about 1900.

The lampara is so called from the Italian word ''lampo," meanin(r
lightning, because used chiefly in taking sardines, anchovies, and
other small fishes which move wdth great quickness in the water,
flashing as they swim. These fish are usually taken at nio;ht, in tlie

"dark of the moon," since by day, or even on moonlight nights,

they see the nets and avoid them. The lampara dift"ers from the
paranzella in that it is intended to take fish at the surface or at but
a short distance below, while the paranzella is dragged on the bottom.
Although the lampara nets are used chiefly for taking sardines

and other small fish, especially for bait, some nets of large dimen-
sions—up to 2,000 feet in length by 150 in depth—have been con-
structed of strong, heavy twine for the capture of larger fish, such as
sea bass, barracuda, yellowtail, etc. In these cases the range of
size of mesh may vary from 2-inch stretched mesh in the bag to

20-inch at end of wings. So far, however, such nets have not proved
a general success, as they are awkward to handle on account of

their large size, and the fish captured in them are so powerful that
they often tear the net.

The accompanying drawing (fig. 3) and description of the lampara
net are based on information supplied by E. M. Nielsen, assistant to
the California Fish and Game Commission at Monterey, and were
taken from a net of average size and make owned by a local fisherman.

Referring to figure 3 and its legend, it will be noted that section 3
is of heavy netting to mthstand wear and tear when the fish are
taken out of the net and section 4 acts as a wall to prevent the
fish from escaping. Section 5 is li^ht and of small mesh so that the
fish do not gill in it; the net is usually fished in the dark of the moon,
and the phosphorescence in the water tends to deflect the fish from
the wings backward toward the bag of the net. The lead line is

|-inch diameter hemp rope and carries lead weights to a weight of

about 150 pounds, the leads being about 18 inches apart.
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The lampara net is made of cotton twine and may be operated
either with one large boat or with two boats. The operation with
one boat is carried out as follows: When a school of fish is located,
one end of the net is thrown out with a buoy attached, sometimes
anchored; then the boat is pulled around the fish in a circle, paying
out the net until the boat is back to the buoy from which it started.
Then an anchor is generally put over the side away from the net to
hold the boat off. Then the fishermen start hauling both ends of
the net from the bow and the stern, until the bag is hauled up along-
side. After getting the wings into the boat and the bag alongside,
the fish are dipped out into the well or box. The net is then over-
hauled and made ready for another lay. From three to five men are
required to operate in this way.
When two boats are used, the bag is dropped first; then the fish

are circled by the boats pulling in opposite directions, paying out the
coiled net until they meet, passing one another, one end of the net
being passed over the other and the boats anchored. The wings
are crossed while the net is being hauled in. The bag is thus hauled
up between the boats, when the fish are taken out. Six to eight
men are required to operate in this way.
A modification of tlie lampara has sometimes been used of late,

consisting of a purse, or semipurse attaclmient. It is in all respects
a lampara net except that a purse line is added to the bunt of the
net, wliich enables the operators to pull the lead line in more quickly
after the net is partly in, thus impounding the fish in the bunt of

the net. It is claimed that by this device it is easier to catch the
fish in the daytime without their sounding and getting under the
net when operating in deep water. A shallower net may be used,
thus making its operation quicker and more economical. This
device has not, however, been generally adopted.

HERRING GILL NET.

The herring gill net used in San Francisco Bay, Calif., is usually
about 50 fathoms in length by 2 in depth. It is made of 2-inch mesh,
2-ply cotton twine. The top strip of meshes, 3 or 4 inches wide,
abutting the cork line, is made of 4 or 5 ply twine to give it greater
strength. The cork line is one-half inch diameter manua, with corks,

2 inches in diameter, at intervals of 2 feet. The lead line is three-

eighths-inch manila, and the leads, w^eighing about 4 ounces, are 3

feet apart. The net is operated from one boat and is handled by
two men. These nets are generally purchased ready-made.

SMELT NET.

Smelt nets in use on San Francisco Bay are usually made of linen

twine. They are 28 to 30 fathoms long by 10 to 12 feet in depth and
are constructed of 1 ^ or 2 inch mesh. In other respects they resemble
the herring nets.

TRAMMEL NET.

A three-web trammel net observed in use in southern California

was 200 fathoms long by 2^ deep. The small web, was of 7|^-inch

mesh, and the large outside webs of 18-inch mesh.
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DEVELOPMENT OF IMPROVEMENTS IN METHODS OF HANDLING, DIS-
TRIBUTING, AND MARKETING.

FllESII FISH.

Ono of the most important means for increasing the consumption
of iisli is to supply the consumer with a product closely approxi-
mating the quality of the fish as taken from the water. This necessi-
tate? reducing the amount of deterioration from "catch " to consumer
to a minimum. Considering the length of time that elapses after the
fish are taken from the water until they reach the consumer, some
deterioration is inevitable, but that a marked degree of improvement
in reducing the amount can be made is undoubtedly possible. With
such improvement many persons who now enjoy freshly caught fish,

but who rarely buy 'fresh" fish in the market, will be added to the
list of regular consumers. As deterioration sets in as soon as the fish

are dead, the first step is to improve methods of handling the fish on
boat or vessel and at the points of distribution.

It is important to handle fish with the greatest possible care, to

avoid bruising or forking them, and to avoid warmth. Fish should be
handled with the same care as fruits; they should not be forked,
bruised, tread on, thrown about needlessly and roughly, or piled too
deeply in boat, box, or barrel. Failure to observe these precautions
will cause spoilage just as the spoilage of fruits is hastened by similar
treatment. The temperature of fish is about the same as that of the
water in which they live, usually slightly higher. Fish taken from
warm water will therefore spoil more c[uickly than if taken from cold
water. The warmer the water is the greater the care required to

j)revent spoilage. If the fish taken from warm water are piled deeply
it is but natural that the temperature of the mass will shortly begin
to rise, with resultant spoilage. It is therefore important to keep
the fish away from warmth and to cool fish taken from warm water as
quickl}^ as possible.

The Bureau has impressed upon those in the fisheries the impor-
tance of avoiding the use of fork or pew as far as practicable, usin^
where necessary only a one-tined fork and forking the fish in the head
instead of the body, and has encouraged the installation of precooling
devices to remove the body heat of the fish as speedily as practicable.

It is believed that a cold brine circulatory system of an adaptation of

the system of freezing fish in brine may be worked out for use on
vessels or boats. In fact, some experiments have already been made
to this end by those in the fisheries.

There is fully as great if not greater need for improving methods of

distribution and the handling of the fish in the retail markets. The
shipper should consider the advantages of packino; the fish in shallow
boxes instead of in barrels; and the retailer, in view of the length of

time that has elapsed since the fish were caught, should observe every
precaution which will retard deterioration as well as ofi'er the fish for

sale in an attractive manner and amid sanitary surroundings.

KIPPERED FISH.

The preservation of fish by smoking is a very ancient and widely
known practice. The products preserved in this manner are among
the tastiest of foods. The necessity for marketing the product
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within a short period of time has restricted the volume of production
and confined the practice largely to the centers of consumption. To
minimize these difficulties the canning of the smoked fish has received
greater attention in recent years, much of the product being labeled
as kippered fish. In the preparation of such fish a variety of practices
have sprung up. For example, of 10 packs recently examined, in 1

pack the fish were split through the back, in 2 they were unsplit, and
in the remaining 7 they were cut lengthwise into separate sect^^ons.

Nine packs contained headless fish; one, tailless. In Service and
Regulatory Announcements No. 26 of the Bureau of Chemistry,
issued December 30, 1920, the following tentative definitions are
recognized by that bureau:

Kipper.—A fish which has been split through the back from tail to head, eviscerated,
lightly salted, and lightly smoked. Example, kippered herring. Kipper unsplit.

—

A fish which has been headed and eviscerated (but not split), lightly salted, and
lightly smoked. Example, kippered herring unsplit.

The characteristic appearance of kippered herring and bloater
herring as prepared for the smoked fish market are shown in figure 4.

INCREASING THE USE OF FISH AS FOOD.

A summary of the conditions affecting the marketing of fish has
been given in the introduction to the present report and attention
called to the handicaps under which the Bureau has labored in meeting
the menacing situation which confronted the industry. Efforts to

obtain additional funds for demonstrations in fish cookery and similar
activities were unavailing and the Bureau's activities were limited
almost wholly to the issuance of helpful economic circulars and
placards and to furnishing informative matter.

THR HADDOCK.

With the recent increase in the number of trawlers operating in

the New England fisheries, there has been a large increase in the
catch of haddock, resulting in the production of this species in excess
of the market demand. To illustrate, the vessel landings at Boston
and Gloucester for the three-year period 1918 to 1920 increased about
50 per cent in comparison with the period 1908 to 1910, and for

Boston, Gloucester, and Portland, the landings in 1920 were nearly
30 per cent greater than in 1916, while the increase in the price to

the fishermen was but $0,006 per pound. The landings of the vessel

fisheries at these ports in 1920 amounted to 73,345,581 pomids.
The Bureau has issued a placard and a small cookbook ^ recom-

mending the use of this fish. In this economic circular attention is

called to the fact that the haddock is abundant on the great fishing

banks which stretch from Cape Cod to Newfoundland, and at certain

seasons frequents the shores; that it is a relative of the cod, one of

the "dry" fishes, and possesses many of the same qualities, the

average constituents of the two fishes, based on a number of analyses,

being as follows:
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FROZEN FISH.

Freezinf^ conserves fish in times of abundance and cheapness for

use in times of scarcity. As a rule fish are now frozen unrler excel-

lent conditions, usually within a short time after they are caught.

If perfectly fresh when frozen, if properly stored, handled, and pre-

pared for the table, they are often superior in qualit}-, texture, and
flavor to fresh fish shipped long distances packed in ice. Some of

the important species frozen arc whiting, halibut, cod, hake, haddock,
pollock, ciscoes, salmon, mackerel, sablefish, squeteague, smelts,

whitehsh, lake trout, butterfish, croakers, shad, and yellow pike.

As an aid to increasing the consumption of frozen fish and removing
certain prejudices, the Bureau has issued a poster and leaflet recom-
mending this commodity. The leaflet stresses the importance of

keeping frozen fish at a low temperature until used for food and of

never thawing and refreezing or subjecting them to rises in tempera-
ture or bruising, and emphasizes the necessity of buying them frozen

and placing them in an ice box or cool place for thawing before

cookmg. For statistics of the holdings of frozen fish by species and
by months in 1920, see page 52.

TECHNOLOGICAL INVESTIGATIONS.

The small appropriation granted for the fiscal year beginning July

1, 1920, has made it impossible to conduct regular investigations in

this field, limiting the work mainly to a review of literature of

methods which will be helpful in future investigations and to certain

minor activities which could be done at little expense. Appreciating
the importance of the technological investigations in progress at the
experimental plant at San Pedro to the fisheries of the Pacific coast,

the California Fish and Game Commission has taken over the labora-

tory and is operating it for the current fiscal year.

SALTING RIVER HERRING.

The technological investigations of the basic principles governing
the salting of fish which have been described in previous reports have
revealed tne possibilities of effecting certain refinements and improve-
ments in common practice, of salting fish at higher temperatures and
therefore in warm climates and of producing a product superior to

much of that now marketed. In order to give practical application

to the results, arrangements were made to initiate the saltmg of fish

at points in Florida where previous attempts by usual methods had
failed. A practical salter of long experience was employed, given
instructions and opportunity to try out these improvements in the
Bureau's Fishery Products Laboratory, and detailed to Welaka, Fla.,

for instructing local fishermen desirous of giving such methods a
trial.

At Welaka the run of river herring lasts from about January 1 to

March 15. During the early part of the season the catch is marketed
without difficulty, but later when the fish appear at more northern
points the demand diminishes and the price falls to a point at M-hich

it is unprofitable to continue fishing. The possibility of salting the
fish taken at this period was welcomed by the local fishermen.

52025°—21 2
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The instructions given resulted in the successful salting of 80,000
fish, and purchasers of the fish expressed a high appreciation of the
quality of the product. Plans were developed for establishing local

markets for the fish and for conducting the work on a large com-
mercial scale.

A paper^ by the Bureau's teclmologist, H. F. Taylor, has been pub-
lished by the Bureau for the use of fish salters, and it points out the
practical application of the principles developed by woi-k in this field.

These include the careful handling of fish before salting; thorough
cleaning, especially the removal of all blood ; the use of salt of a high
degree of purity; and the application of salt in the dry condition.

REFRIGERATION OF FISH.

To supply authoritative technical data bearmg on the refrigera-

tion of fish, the relative merits of freezing fish in air and in brine
and the like, the Bureau has assembled necessary equipment in-

cluding electrical measuring apparatus. Lack of funds and the loss

of technological workers have prevented the prosecution of this

investigation. The demand for the Bm^eau's data on refrigeration,

Earticidarly freezing in brine by the various processes, has been
eavy and it is believed has been highly appreciated by the trade.

Practical application of the principles in the precooling and freezing

of fish have been made and give promise of effecting important
advances in the distribution of fish of excellent quality. The possi-

bilities of precooling the catch as taken by the fishing vessels merit
serious consideration. A number of demonstrations of brine freezing

have been made by the Bureau during the year. As a result of

demonstrations given for the benefit of representatives of the Bureau
of Plant Industry, that bureau has made provision for the applica-

tion of this method to the freezing of fruits and vegetables and is

conducting investigations in its particular field.

CANNING OF PACIFIC COAST FISHES.

When the Bureau equipped its small experimental canning labora-
tory in southern California, one of the more pressing lines of investiga-

tion was the development of satisfactory methods of canning little

utilized fishes to render available larger quantities of protein food and
conserve meat. As a result much attention was given to the possi-

bilities of developing suitable methods for canning such fishes as

mackerel, bonito, barracuda, sea bass, and smelts and to improving
the packs of pilchard, tuna, and yellowtail. Several hundred packs
were put up and held in storage for examination periodically, and in a
few cases methods which appeared unusually promising and for which
there was an immediate demand have been released. The results of

this work are being prepared for publication. With the lessening of

the demand for greatly increasing production and in view of the mider-
consumption of fish and difficulties of marketing not only new fishes,

but staple varieties, in recent months the laboratory has concerned
intself with the more important work of developing standard methods

' Taylor, Harden F.: Improvements in Process of Salting River Herring, Especially Adapted to Warm
Climates. Appendix II, Report, U. S. Commissioner of Fisheries for 1921, 7 p., B. F. Doc. 903. Wash-
ington, 1921.
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of canninj^ tho usual species which will yield standard packs and to

the solution of tho practical problems of the canners. For example, it

is makint>; a careful inv^estif^jation of tlie possibilities of recoverinjjj the

fry bath t)il and of kc^epintj; it free from the objectionable substances
acfpiired by continued use. This problem is much more complex
than was anticipated when the work wns undertaken and, if it can be
solved, it will be of marked value to the industry.

PRESERVATION OF FISH NETS.

Most of the investigations in the preservation of nets have been
made in Norway, very little investigation or experimentation being
noted in the fishery or scientific journals in other countries. This
important means of economizing in the expense of nets appears to

have been largely neglected in the United States, the principal

preservative used being tar, which can be used only for the coarser

kinds of nets. As the fishing gear employed by our fishermen rejjre-

sents an investment in excess of 15 million dollars, a laro;e part of

which is in twine, and in view of the increased cost of such netting,

the importance of lengthening the life of such ^ear will be appreciated.

To contribute to this end, a paper on the subject has been prepared,'
reviewing the literature of the subject, presenting the fundamental
principles so far as they are known, and giving for use those recipes

which, from a chemical standpoint, seem best calculated to serve
their purpose. In addition provision is being made for the conduct
of adciitional tests for the purpose of affording still further aid to orr
fishermen.

INCREASING THE USE OF BY-PRODUCTS OF FISHERIES.

Although the Bureau's activities in this field during the year were
practically confined to suggestions through correspondence or by
personal visits, the results achieved have been exceeaingly gratifying
and important progress is to be noted in the saving of fish waste,
the manufacture of fish meal, the production of fish leather, and the
utilization of fish scales. The declme in value of fish oil and scrap to

prewar levels will undoubtedly affect operations in 1921.

FISH OILS.

By converting the figures published by the Bureau of the Census
in Animal and Vegetable Fats and Oils for calendar years 1919 and
1920, on the basis of 7-^- pounds to the gallon, the production of fish

oils in gallons in 1920 was as follows: Menhaden oil, 3,676,453;
whale oil, 3,073,574; sperm oil, 416,737; herring oil, 380,379; cod
and cod-liver oil, 196,108; and all other, including marine animals,
1,060,322; a total of 8,803,574. On the basis of reports from the
Pacific Coast States and Alaska, the production of fisn oils in 1920
approximated 3,066,000 gallons.

Imports of fish oils entered for consumption for the calendar year
1919 amounted to 2,599,072 gallons, valued at $2,928,993. This

< Taylor, Harden F.: Preservation of Fish Nets. Appendix IV, Report, U. S. Commissioner of Fisheries
for 1920, 35 p., 1 fig., B. F. Doc. 898. Washington, 1921.
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amount includes cod oil, 1,152,252 gallons, valued at $1,107,221; cod-

liver oil, 235,805 gallons, valued at $665,080; herring and other fish

oils, 542,112 gallons, valued at $437,836; seal oil, 23,121 gallons, valued

at $21,598; sperm oil, 124,747 gallons, valued at $124,511; and
other whale oil, 521,035 gallons, valued at $572,747. The exports

of fish oils in 1919 amounted to 1,085,551 gallons, valued at $976,831.

Of this amount 526,980 gallons,- valued at $401,466 went to England;

409,122 gallons, valued at $353,221 to Scotland; and 59,722 gallons,

valued at $70,309 to Canada.

FISH SCRAP AND MEAL.

The estimated production of fish and whale scrap and meal in

1920 was 130,000 tons, a material increase over previous years. Of

this amount, 16,898 ^ tons are credited to the Pacific Coast States

and Alaska. On the west coast, as a result of the heavy demand for

fertilizer material, more than the usual amount of scrap was used for

this purpose. In the menhaden industry of the Atlantic coast, the

value of the Bureau's assistance in encouraging the production of

fish meal has been greatly appreciated. At least 5,000 tons of meal

was turned out by the producers in 1920 and considerable quantities

of unground scrap are reported as sold to manufacturers interested in

supplying stock feeds. The Bureau of Anhnal Industry of the De-

partment of Agriculture has continued its ho^-feeding tests, using

various fish meals, and samples have been supplied to some 15 State

experiment stations with satisfactory results. The experiments in

progress include the feeding of meal of high oil content, samples

without removal of natural oil with additional oil added, and meal

made from decomposed fish. If these tests yield satisfactory results,

the producers of Ash meal should be reasonably assured of markets

for their product as soon as the farmers have become acquainted

with the merits of this commodity. The whaling companies have

recently expressed an interest in the manufacture of whale meal

and have provided material for a feeding test.

Considerable quantities of fish v/aste and waste fish incident to the

New England fisheries remain unutilized, and in some cases its dis-

posal is an item of no little expense to the producer. Lack of a regu-

lar supply makes the operation of the larger reduction plants im-

practicable, and the smaller plants appear to be not wholly satisfac-

tory for the proper reduction of some of the raw materials in greatest

abundance. The Bureau appreciates the need of solving the prob-

lems of this field and hopes to be in position to take them up in the

near future.
FISH LEATHER.

Notwithstanding the increase in the usual supplies of materials for

tanning into leather, the possibilities of employing the hides of

sharks and other unutilized aquatic animals continues to attract

attention, and the number of inquiries for detailed information is

large. Several companies are interested in developing the industry

and in the establishment of fisheries for these forms. The Bureau of

5 See Pacific Fisherman Yearbook, January, 1921, p. 105-106.
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Standards is continiiino; its investigations of the characteristics and
qualities of those kvithers. One sample of shark leather possessed a
tensile strene;th in excess of 6,500 pounds per scpiare inch exceeding
that of calfskin tested. Wearing tests of snoes arc also heing made.
For this purpose 14 pairs of shoes, one shoe of each pair of shark
leather and its mate of calfskin; seven pairs of shoes, one of porpoise
and mate of side leather; and two pairs of shoes, one shoe of whale
leather and mate of calfskin, are oeing used. It is assured that
leather of good quality can be made from shark hides, and ready mar-
kets thus far have been found for good grades. There is need for

more attention to the subject of quantity-production, to the trial of

small, easily movable reduction plants to care for the oil, scrap, and
lins, and to developing the interest of fishermen to save and utilize

their catch of sharks. A report is being prepared covering the
investigations in this field.

SHARK FINS.

There is an apparent demand for a much larger supply of dried

shark fins. San Francisco is the center of the industry in the United
States, the receipts at that port amounting to about 5 tons per
month. Much the larger portion is imported from the west coast of

Mexico, the balance being received from California points and a few
shipments from the Atlantic coast. The Chinese merchants are the
largest buyers and export the bulk of the material to China, the
balance being absorbed by the local trade.

Unlike conditions in the principal oriental markets, very little

distinction as to the species oi sharks from which the fins are taken is

made, provided the fins are of good size, properly trimmed and cured.
The fin should be cut oft" at the body, with all fleshy parts trimmed
oft", leaving only the true fin. The marketable fins are the dorsal on
the back, the pectorals or anterior paired fins, and the anal. The
large dorsal is preferred, while the caudal or tail is worthless. The
fins must be at least 6 inches long, and those ranging from 8 to 14

inches are preferred.

For curing the fins should be thoroughly dried in the sun without
salt or other treatment, then packed, preferably in cases or barrels

weighing about 250 pounds, or put up in sacks to weigh 150 or 200
pounds. Choice grades haye commanded as high as 65 to 75 cents
per pound, but fins badly cured, improperly trimmed, etc., command
much less.

PEARL ESSENCE OR FISH SCALE ESSENCE.

The art of using the silvery pigment from fish scales for ornamental
purposes is said to have been discovered by the Chinese. In 1680
artificial pearls were first made in western Europe b}^ Jacquin, a
rosar}^ maker in Paris, and the trade has been largely conducted in

France, Germany, and Italy. The silvery coating of the scales of

certain fishes, freed from organic matter and composed of minute,
oblong bodies which en masse under suitable conditions supply an
iridescent efl"ect, is employed for the purpose. This material is

known as essence d'orient, pearl essence, or fish-scale essence. In
the manufacture of the artificial pearls the mner wall of the thin
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glass spheres is coated with this essence and the cavity filled with a
hard white wax.

In the past the best scales for the purpose were obtained from one
of the cyprinid fishes of Europe. The supply of pearl essence was
curtailed by the outbreak of the Great War, and in 1915 and 1916
numerous inquiries were received by the Bureau concerning the

fishes from whose scales the essence could be prepared and details of

manufacture of the essence and of artificial pearls. Such informa-

tion as could be found was supplied, and some experiments were
made with the scales of native fisnes. Promising samples, although

never free from color, were made from the scales of the alewife, or

river herring. After treating the scales with ammonia the lustrous

particles were separated out by centrifugation. vSamples submitted

to American representatives of Parisian pearl manufacturers were

pronounced off" color and lacking in luster. Later one of the Bureau's

technologists made some additional experiments, including the diges-

tion of the proteinaceous material, leaving the lustrous particles and

a pearly suspension produced, but the results were not wholly satis-

factory. At about this time others had succeeded in making pearl

essence from the scales of native fishes and the experiments were

discontinued for more important investigations. According to report

the scales of the alewife, or river herring, sea herring, and shad are

employed. The scales are agitated in an ammonia solution and the

lustrous particles separated by straining the liquid through several

cloths. The material produced is reported to be fully the equal of

the imported essence for the manufacture of artificial pearls. The
fishermen receive from 15 to 50 cents per pound for the scales, and

considerable quantities are now being used for the purpose.

NEW ENGLAND VESSEL FISHERIES.

GENERAL STATISTICS.

In the vessel fisheries centering at Boston and Gloucester, Mass.,

and Portland, Me., during the past year the number of trips and the

catch were not so large as in the previous year, but there was a con-

siderable increase in "the total value of the products. There was a

large increase in the products landed at Boston during the year,

amounting to 14.67 per cent in quantity and 30.19 per cent in value,

while at Gloucester there was a decrease of 34.51 per cent in quantity

and 31.93 per cent in value, and at Portland a decrease of 40.22 per

cent in quantity and 8.60 per cent in value. Statistics of these

fisheries have been collectecl by the local agents and published in

monthly bulletins showing by species and fishing grounds the quan-
tities and values of fishery products landed by American and Cana-
dian fishing vessels during the year at these ports. Two annual

bulletins have been issued, one showing the catch by months and the

other by fishing grounds.
The fishing fleet at these ports during the calendar year 1920

numbered 471 sail, steam, and gasoline screw vessels, including 41

American and 3 Canadian steam trawlers. These vessels landed at

Boston 3,342 trips, aggregating 118,558,902 pounds of fish, valued

at $6,136,569; at Gloucester, 2,381 trips, aggregating 46,740,296

pounds, valued at $1,460,336; and at Portland, 1,883 trips, aggre-
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gating 12,981,503 pounds, valuod at $630,108. The total for tlie

throe ports amounlcd to 7. (»()() trips, aggregating 178,280,701 pounds
of fresh and salted lish, having a value to the fishermen of $8,227,013.
This total includes 54 trips, 43 at Boston, 1 at Gloucester, and 10 at

Portland, landed by 18 Canadian Hshing vessels, amounting to

2,588,218 pounds of fish, valued at .$119,028. Of this quantity,

1.308,774 pounds, valued at $62,147, were landed at Boston; 271,580
pounds, valued at $13,606, at Gloucester; and 1,007,864 pounds,
valued at $43,275, at Portland. There was an increase of 9 vessels

and 15 trips, but a decrease of 707^929 pounds in the quantity of

fish landed, with an increase of $12,767 m the value, as compared
with the previous year. These fish were landed in accordance with
an arrangement with the Canadian Government as an emergency
war measure granting reciprocal privileges to fishing vessels, by
which Canadian fishing vessels were permitted to land their fares at

American ports direct from the fishing grounds. Canadian vessels

began to utilize this privilege in April, 1918, and the arrangement is

still in operation.

Compared with the previous year there was a decrease of 663
trips, or 8.01 per cent, in the total number landed by the fishing

fleet at Boston, Gloucester, and Portland, and of 18,200,509 pounds,
or 9.26 per cent, in the quantity, with an increase of $678,630, or

8.99 per cent, in the value of the products landed. The only im-
portant species showing an increase in both quantity and value
were halibut, mackerel, and swordfish. The catch of halibut in-

creased 1,674,669 pounds, or 79.19 percent, in quantity, and $354,630,

or 91.59 per cent, in value; the mackerel catch increased 1,580,525
pounds, or 27.66 per cent, in quantity, and $215,852, or 39.44 per

cent, in value; and the catch of swordfish increased 1,648,942 pounds,
or 186.80 per cent, in quantity, and $281,834, or 132.71 per cent, in

value. The catch of cod decreased 3,108,838 pounds, or 4.75 per
cent, in quantity, but increased $54,456, or 2.10 per cent, in value;

haddock decreased 7,436,708 pounds, or 8.99 per cent, in quantity,

and $53,886, or 1.92 per cent, in value; pollock, 10,191,066 pounds,
or 54.34 per cent, in quantity, and $118,387, or 31.11 per cent, in

value; cusk, 208,459 pounds, or 10.10 per cent, in quantity, and
$14,099, or 22.67 per cent, in value; and herring, 3,361,901 pounds,
or 32.45 per cent, in quantity, and $73,487, or 30.64 per cent, in

value. The catch of hake increased 381,880 pounds, or 8.80 per

cent, in quantity, but decreased $27,177, or 15.01 per cent, in value.

The catch of Newfoundland herring decreased 404,753 pounds, or

11.55 per cent, in quantity, and $79,626, or 41.95 per cent, in value.

There were no tilefish landed at Boston during the year. In the

various other species combined there was an increase of 853,897
pounds, or 20.66 per cent, in quantity, and of $60,368, or 37.85 per

cent, in value.

The following tables present in detail, by fisliing grounds and by
months, the products landed at Boston and Gloucester, Mass., and
Portland, Me., by American and Canadian fishing vessels, for the

calendar year 1920. The weights of fresh and salted fish given in

these statistics represent the fish as landed from the vessels, and
the values are those received by the fishermen. The grades, or

sizes, given for certain species are those recognized in the trade.
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The fishery products landed at Boston and Gloucester, Mass., and
Portland, Me., by fishing vessels each year are taken principally

from fishing grounds lying ofi^ the coast of the United States. In
the calendar year 1920, 78.88 per cent of the quantity and 79 per
cent of the value of the catch landed by American and Canadian
fishing vessels were taken from these grounds; 3.35 per cent of the

quantity and 4.63 per cent of the value, consisting largely of herring,

from fishing banks off the coast of Newfoundland, and 17.75 per cent
of the quantity and 16.36 per cent of the value from fisliing grounds
ofi^ the Canadian Provinces. Newfoundland herring constituted 1.73

per cent of the quantity and 1.33 per cent of the value of the fishery

products landed at these ports during the year. The herring were
taken from the treaty coast of Newfoundland, and the cod, haddock,
hake, halibut, and other species from that region were obtained
from fishing banks on the high seas. All fish caught by American fish-

ing vessels oft" the coast of the Canadian Provinces were from offshore

fishing grounds. The catch from each of these regions is given in

detail in the following table:

Quantity and Value of Kish Landed by American and Canadian Fishing Ves-
sels AT Boston and Gloucester, Mass., and Portland, Me., in 1920, from
Fishing Grounds off the Coast of the United States, Newfoundland, and
Canadian Provinces.

Species. United States. Newfoundland.
Canadian
Provinces. Total.

Cod:
Fresh
Salted

Haddock:
Fresh
Salted

Hake:
Fresh
Salted

Pollock:
Fresh
halted

Cusk:
Fresh ,

Salted
Halibut:
Fresh
Salted

Mackerel:
Fresh ,

Salted
Herring:
Fresh
Salted

Swordflsh: Fresh ,

Miscellaneous: Fresh..

Total

Pounds.
38,032,530

135, 900

70,576,671

4,207,942
282

8,065,206
2,885

1,253,961
502

1, 619, 978
7,000

5,045,201
345, 305

3,900,960

2,471,837
4,973,397

140,639,557

Value.
SI, 802, 329

7,020

2,594,729

143, 136
10

245,375

35,827
14

328,071
700

550,596

34,927|

56,144'.

Pounds.
1,056,142

510, 480

15,086
9,750

134,415
25,785

29, 135

2, 005

49,065
2,765

1,048,314
4,476

481, 399
219, 458

3,097,024
751
70

6,499,8215,985,263

Value.

S32,010
29, 529

257
297

2,521
724

i

5, 615
00

927

1

97,

Pounds
19,318,495
3,212,035

4,643,277
34, 693

323,765
29, 167

444,525
17,145

546,100
2,346

198,164' 1,099,302
566 10,260

1,239,328
663,887

110,157
203 59,081
2 12, 475

381,129 31,655,881

Value.
8597,081
169,668

143, 728
1,041

6,785
700

10,495
497

11,078
127

213,201
1,119

120,714
56,857

12,600
372

Pounds. I

58,407,1671

3, 858, 415

75,235,034
44,443

4,666,122
55,2.34

8,538,866
22,035

1,849,126
5,613

3,767,594
21, 736j

6,284,5291

1, 009, 192;

3,900,960
3,097,024
2,531,669
4,985,942

Value.

82,431,420
206,217

2,738,714
1,338

152,442
1,434

261,485
643

47,832
238

739,4.36

2,385

671,310
91,784

56,144
110, 157
494,202
219, 832

1,346,0631178,280,701 8,227,013

SPECIES.

COD.

In 1920 the fishing fleet landing fish at Boston, Gloucester, and
Portland was not quite so large as in the previous year. There were
20 vessels in the salt-bank fishery, or 11 more than in the previous
year, and 111 in the market fishery, the same number as in the
previous year. These vessels landed their fares of cod and other
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ground fish at these ports during the year, and large quantities of

cod were also landed l)y vessels fishing on the shore grounds. The
total catcli of cod landed at these ports during the year was 62,265,-

582 pounds, valued at $2,637,637, of which 58,407,167 pounds,
valued at S2,431,420, were fresh, and 3,858,415 pounds, valued at

$206,217. were salted. Cod ranked second jimong the various
species landed.

The catch of haddock for the year ranked first in hoth quantity
and value, exceeding that of cod b}" 13,013,895 pounds and $102,415.
The quantity of haddock landed at these ports by fishing vessels

during the year amounted to 75,279,477 pounds, valued at $2,740,052,
all of which was fresh except 44,445 pounds, valued at $1,338.
These fish were taken cliielly on Georges Bank and in South Channel,
and the greater part of the catch, or 64,751,888 pounds, valued at

$2,746,828, was landed at Boston.

The catch of hake amounted to 4,721,356 pounds, valued at

$153,876, all landed fresh except 55,234 pounds, valued at $1,434,
salted. There was an increase of 381,880 pounds, or 8.80 per cent,

in the quantity, but a decrease of $27,177, or 15.01 per cent, in the
value as compared with the previous year. The yield of tliis species

has been comparatively small in recent years.

The catch of pollock amounted to 8,560,901 pounds, valued at

$262,128, all landed fresh except 22,035 pounds, valued at $643,
salted. This was the smallest catch of pollock in many years.

There was a falling off in the catch of this species of over 10,000,000
pounds as compared with the previous year.

The catch of cusk amounted to 1,854,739 pounds, valued at

$48,070, all of which was fresh, except 5,613 pounds, valued at $238,
salted. The yield was 200,000 pounds less than in the previous
year. The catch of this species has declined considerably in recent
years.

HALIBUT.

The quantity of halibut landed was 3,789,330 pounds, valued at

$741,821, all of which was fresh except 21,736 pounds salted, valued
at $2,385. There was an increase of 1,674,669 pounds in quantity
and $354,630 in value as compared with the previous year. The
catch was the largest taken in any year in the past five j^ears. The
next largest catch in this period was in 1916, when 3,458,765 pounds
were landed at these ports. There has been a large increase in the
receipts of halibut at Portland, which amounted in 1920 to 1,159,973
pounds, the next largest in the past five years being 535,314 pounds
m 1916. There has also been a large increase in the receipts of

halibut at Boston in recent years, but a decrease in those at Gloucester.
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MACKEREL.

The total catch of fresh mackerel taken by the American fishing
fleet in 1920 was 79,799 barrels, compared "with 53,992 barrels in
1919, an increase of 25,807 barrels. The total catch of salted mack-
erel was 4,897 barrels, compared with 7,007 barrels the previous
year, a decrease of 2,110 barrels. The quantity of mackerel landed
at Boston, Gloucester, and Portland by the fishing fleet during the
year was 7,293,721 pounds, valued at $763,094, of which 6,284,529
pounds, valued at $671,310, were fresh, and 1,009,192 pounds,
valued at $91,784, were salted. These were all landed by American
fishing vessels. There was an increase in the total catch of mackerel
landed at these ports of 1,580,525 pounds in quantity and $215,852
in value over the previous year.

The season of 1920 was one of the best on record in the southern
mackerel fishery for both the purse-seine and gill-net vessels. The
fleet numbered about 50 seiners and 125 netters. The first fare,

consisting of 3,600 pounds of large mackerel, was landed by a
Gloucester vessel, April 14, at Cape May. Some of the best stocks
made by the seiners in the southern fishery were from $9,153 to
$26,449,' the crews sharing from $197 to $649. The mackerel caught
weighed from H to 3-^- pounds each, averaging about 2 pounds each,
and sold from 8 to 22 cents per pound, according to market condi-
tions. The schooner Helen G. McLean, from Nova Scotia, engaged
in the southern mackerel fishery, and is said to be the only Canadian
vessel to engage in this fishery for 25 years. The first arrival at
Boston was a fare of 35,000 pounds of large and medium fresh
mackerel on May 14, caught 35 miles south by west of Block Island,
and sold at 18 cents per pound. In May there was a large body of

mackerel off South Shoal Lightship, and the receipts at Boston
landed by vessels were larger than for the same month in any recent
year. The catch of mackerel on the Cape Shore was disappointing;
the weather was fogg}^ and the fish were well offshore, wild, and
hard to catch. The first fares landed at Boston from this locality

arrived on June 7. The fresh mackerel sold at 12 cents per pound
and the salted mackerel at $17 to $17.50 per barrel. Later arrivals

of fresh mackerel sold from 10 to 10^ cents per pound. The Cape
Shore fleet consisted of 30 vessels, which landed 1,290,000 pounds of

fresh mackerel and 3,217 barrels of salt mackerel, compared with 32
vessels, and 2,119,000 pounds of fresh and 6,275 barrels of salt

mackerel the previous year. The total catch of mackerel up to

July 1 was 60,842 barrels fresh and 3,357 barrels salted, compared
with 38,787 barrels fresh and 6,452 barrels salted the previous year.

SWORDPISH.

The catch of swordfish amounted to 2,531,669 pounds, valued at

$494,202. The number of vessels engaged in this fishery was 62,
or 6 more than in the previous year, and there was a large increase
in the catch.

FLOUNDERS.

The catch of flounders in the vessel fisheries amounted to 3,637,774
pounds, valued at $166,895, an increase of 1,185,918 pounds, or
48.36 per cent, in quantity, and $63,845, or 61.95 per cent, in value.



FISHERY INDUSTRreS OF THE UNITED STATES. 45

The catch taken by boats under 5 tons not tonnage is not included
in these statistics.

HERRING.

The catch of herring amounted to 6,097,984 pounds, valued at

S1GG,301. Of this quantity, 3,900,900 pounds, valued at $56,144,
were taken off tho coast of the United States and landed fresh, and
3,097,024 pounds, valued at S110,157, were salted Newfoundland
herring.

VESSEL FISHERIES AT SEATTLE, WASH.

In the vessel fisheries at Seattle, Wash., there has been some
increase in the total quantity and value of products landed by the
fishing fleet, but considerable falUng off in the products landed by
collecting vessels as compared with the previous year. The in-

crease in products landed by the fishing fleet was due to a larger
catch of nalibut, there being a marked decrease in the catch of
sablefish, ''lingcod," and rockfishes. Statistics of the vessel fish-

eries at Seattle have been collected by the local agent and published
as monthly and annual statistical bulletins, giving the (quantity
and value of fishery products landed by American fishmg and
collecting vessels at that port.

In 1920 the fishing fleet at Seattle landed 822 trips, aggregating
14,355,450 pounds of fish, having a value to the fishermen of .$1,992,-

759. This catch was taken from the various fishing grounds along
the coast from Oregon to Portlock Bank, Alaska. The fishing areas
from which the largest quantities of fish were obtained were Flattery
Banks, west coast of Vancouver Island, and Hecate Strait. The
products included halibut, 12,683,450 pounds, valued at $1,913,849;
sablefish, 950,200 pounds, valued at $49,963; '"lingcod," 513,035
pounds, valued at $21,153; and rockfishes, 208,765 pounds, valued
at $7,794. Compared with the previous year there was an increase
of 152 trips by fishing vessels, and of 704,430 pounds, or 5.16 per
cent, in the quantity, and of $462,475, or 30.22 per cent, in the vaUie,
of the products landed. The catch of halibut increased 1,572,730
pounds, or 14.15 per cent, in quantity, and $491,330, or 34.53 per
cent, in value, but there was a decrease in the catch of other species
landed by fishing vessels. Sablefish decreased 603,400 pounds, or
38.83 per cent, in quantity, and $24,327, or 32.74 per cent, in value;
"lingcod," 209,965 pounds, or 29.04 per cent, in quantity, and
$3,280, or 13.42 per cent, in value; and rockfishes, 54,935 pounds,
or 20.83 per cent, in quantity, and $1,248, or 13.80 per cent, in value.
The fishery products taken in Puget Sound and landed at Seattle

by collecting vessels during the year amounted to 9,813,966 pounds,
valued at $881,066. These products included salmon, 7,911,820
pounds, valued at $765,145; herring, 345,100 pounds, valued at
$5,714; sturgeon, 1,860 pounds, valued at $186; steelhead trout,
139,882 pounds, valued at $19,094; smelt, 521,201 pounds, valued
at $29,795; perch, 47,520 pounds, valued at $3,002; rockfishes,
130,200 pounds, valued at $8,793; ''lin^cod," 44,904 pounds, valued
at $2,324; flounders, 86,065 pounds, valued at $1,720; sole, 128,920
pounds, valued at $4,475; and crabs, 456,494 pounds, valued at
$40,818. There was a decrease in the products landed by collecting
vessels, compared with the previous year, of 1,995,484 pounds, or
16.89 per cent, in quantity, and $102,753, or 10.44 per cent, in value.
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This was due to a large falling off in the catch of salmon, amounting
to 2,475,883 pounds, or 23.83 per cent, in quantity, and $137,572,
or 15.23 per cent, in value. The decrease in salmon was offset to

some extent by a considerable increase in various less important
species.

The following table and figure 5 present the most productive fishing

grounds in the order of their importance visited by the fishing fleet

at Seattle during the past five years, with the quantity of halibut
and other species taken from these areas in 1920, and also the average
production of these species for the 5-year period from 1916 to 1920,
inclusive

:

Pounds of Halibut and Other Fish Landed by Fishing Vessels at Seattle,
Wash,, in 1920, Compared with the 5-Year Average, 1916 to 1920, Shown by
Fishing Grounds.

Fishing grounds. Halibut.
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Quantities and Values of Certain Fishery Products (Fresh) Landed at
Seattle, Wash., by American Fishing Vessels, Calendar Year 1920.

Number
of trips.

Halibut. Sableflsh.

BY FISHING GROUNDS.

Oregon coast
Columbia i{ iver grounds
Grays Harbor grounds
Flattery Bauks
We^t coast, Vancouver Island
Cape Scott grounds
Queen Charloti e Islands grounds
Hecate Strail
Forrester Island grounds
Cape Spencer
Yakuta t grounds
Portlock Bank

Total

BY MONTHS.

January
February
March .

.".

April
May
June
July
August
.September
October
November
December

Total

2
1

i:j

326
166
18

20
221
14
3

24
14

822

Pounds.
4<),000

30,000
21!^, 000

2,601,000
1,S73,(>00

19S, 000
581,50(J

4,64,5, 3n<l

497, IXK)

72, 000

906, 000
952, 050

12,683,450

119
100
105
111

76
64
46
10

191,700
563, 900
935,000
977, 200

1,717,000
1,769,0.50

1,932, (XXI

1,802,800
1,094,600

740, 800
917,000
41, 800

Value.
87, 137

3, 940
32, 892

421, 536
318, 092
27,966
86, 1S7

702, 994
72, 993
11,145
114,943
114,024

Pounds.

3,000
15.3,000

421,100
210,900

4,000
30,000
9S, 200
25,000

5,000

1,913.849 950, 200

30, 130
75, 410
128,394
1.54, 618
2.34,024

265, 044
276, 791

269,672
178, 657
147,894
144,075
9,140

9,000
31,.500
.59, 800
22, 200
29,500
70, 600

235, 800
213, 000
1 15, 000
108. 000
50,000
5,8(X)

12,683,450 950, 200

Value.

$150
7,650

22,4-10

11,888
200

1,500
4,505
1,330

300

460
1,555
2,970
1,020
1,425
3,125
11,790
10,650
7,285
6, 480
2,855
348

49,963

Rockfishes. Total.

BY Fl.SUlSG GROUNDS.

Oregon coast
Columbia Kiver grounds
Gray's Harbor grounds
Flattery Banks
West coast, Vancouver Island . .

.

Cape Scott grounds
Queen Charlotte Islands grounds.
Hecate Strait
Forrester Island grounds
Cape Spencer -.

.

Yakutat grounds
Portlock Bank

Total.

BY MONTH.^.

January
February.

.

March
April
May
Juiie

July
August
September.
October
November.
December.

.

Total.

Pounds.

2,009
14,000

298, 365
133, 860

6,500
8, 000

45,710
3,000

1,600

513,035

8,000
25,000
48,900
93, 535
29,000
23,600
26,000
57, 000
144,000
48, 500
9,500

Value.

S60
500

12, 491

5,825
130
300

1,676
140

31

21,153

530
1,140
1,507
2,408
580
591
560

2,200
8,497
2,730

410

513,035
I

21,1,53

Pounds.

1,000
2,000

87, 035
43,040
3, 300
6,000

64, 390
2,000

208, 765

8,000
20,800
48,665
13,800
19, 000
16, 000
15, 500
49,000
16,000
4,000

208, 765

Value.

$30 I

60
3,453 I

2,007
66
180

1,878
120

Pounrls.
49,000
36,000

387, 000
3, 407, 500
2,261,400
211,800
625, 500

4, 853, 600
527, 000
72,000

911,000
953,650

7, 794 14, 355, 450

580
644

1,204
276
360
360
595

2,655
940
180

208, 700
628, 400

1,064,500
1,139,600
1,789,900
1,8.82,2.50

2. 209, 800
2,088,300
1,402,600

913, 300
980, 500
47,000

Value.
S7, 137
4,180

41, 102
459, 920
337. 812
28, 362
88, 167

711,053
74,583
11,145

115,243
114,055

1,992,759

31, 120
78.685

133, 515
159, 2,50

236, 305
269, 120
289,501
283, 117

197,094
158,044
147, .520

9,488

7,794
i

14,355,450 ' 1,992,759
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Fishery Products, by Months, Taken in Puget Sound and Landed at Seattle,
Wash., by Collecting Vessels, 1920.

Species.
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FISHERY PRODUCTS RECEIVED AT MUNICIPAL FISH WHARF AND
MARKET, WASHINGTON, D. C."

The total receipts of fishery products at the Municipal Fish Wharf
and Market, Washington, D*. C., in 1920, were 8,573,984 pounds, a
decrease of 2,159,102 pounds, or 20.11 per cent, as compared with
1919. The five most important products in terms of quantity were:
Squeteagues or "sea trout," 1,925,334 pounds; oysters, 1,284,707
pounds, or 183,529 bushels; river herring, 1,068,660 pounds; shad,
1,035,822 pounds; and croaker, 743,415 pounds. These represent
a total of 6,057,938 pounds, or 70.65 per cent of the entire receipts

at this market for the year. Although differing in the order of their

importance, these were the five principal species in 1919, representing
69.49 per cent of the entire receipts of the market for that year.
The decrease in the total receipts of fish in 1920 as compared with
the previous year is significant in view of the reported general de-
crease in the consiunption of fishery products.
To supply local housewives with information as to species which

are abundant in the Washington markets and seasons of abundance,
the Bureau issued a post-card size fish calendar.

Fishery Products, in Pounds, Received at Municipal Fish Wharf and Market,
Washington, D. C, 1920.

Species.
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Fishery Products, in Pounds, Received at Municipal Fish Wharf and Market,
Washington, D. C, 1920—Continued.

Species.
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SHAD FISHERY OF THE HUDSON RIVER.^

In 1920 there were 368 persons engaged in this fisliery, an inerease

of 69 persons as compared with 1919. The investment amounted to

$40,351, which includes 185 rowboats, valued at S10,011; 10 gasoline

boats, valued at S2,050; 200 gill nets, valued at $23,710; 10 seines,

valued at $1,655; and shore and accessory property to the value of

$2,925.

The catch numbered 49,315 fish, or 199,844 pounds, valued at

$56,309. Of this quantity the number of shad taken on the New
York side of the river was 39,692, or 157,715 pounds, valued at

$43,882, and on the New Jersey side, 9,623 shad, or 42,129 nounds,
valued at $12,427. The catch with gill nets was 47,444 shad, or

96.2 per cent of the total catch. The average number of shad taken
per gill net was 237.

Compared with 1919 there was a decrease in the number of shad
taken of 40,986, or 45.38 per cent, and of $27,415, or 32.74 per cent,

in the value. Compared with 1918 there was a decrease of 18,088,

or 26.83 per cent, in the number of fish and an increase of $1,131, or

2.34 per cent, in the value.

Shad Fishery of the Hudson River, 1920.

Item.
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Shad and Alewife Fishery op the Potomac River, 1920.

Item.
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Cold-Storage Holdings of Frozen Fish, by Species for 1920, and by Totals
FOR 1919 and 1918,^ Given in Pounds.

Species.

Bluefish
Buttcrfish
Ciscoes
Cod, hake, pollock, and had-
dock

Croakor
Halibul
Herring
Lake trout
Mackerel
Rockfishes
Sabloflsh
Salmon
Sea bass
Shad
Shad roe
Smelt, eulachon, etc
Sqiieteague
Squid
Whitefish
Whiting
Miscellaneous

. Total, 1920.
Total, 1919

Total, 1918

Jan. 15.

301,383
459,374

4, 302, 545

3,923,930
82, 314

7,788,546
9,303,418
1,229,998
2,339,005

400, 880
1,354,336
5,701,129

109, 354

541,315
14, 252

610, 700
439,011
422, 208

2,220,140
9,319,624
10,635,659

61,499,121
80,844,524
49,562,848

Feb. 15.

232,912
334,741

3,284,821

2,904,850
37, 952

5,375,287
6,507,254

821,392
2, 102, 720

290, 888
765, 428

4, 516, 290
81,105

309,024
12, 374

689, 722
291, 179

282, 791

1,964,965
6,864,067

10, 292, 863

Mar. 15.

135,296
253,706

1,868,346

1,724,706
10, 528

3,991,261
3, 732, 770

315,009
1,209,358

234,771
508, 469

2,921,559
50,417

133, 079
5,846

387,922
95,709
183, 922

1,371,491
3,470,098
6,775,413

47,962,625
66,67.5,012

35,907,071

29,379,676
49,889,032
28,457,301

Apr. 15.

91, 190
206,915

1, 173, 570

1,480,928
31,111

3,091,887
2,010,888

91,298
735, 773
178,601
306,910

1,996,938
40, 402
117,239
18, 446

202, 832
57, 188

95, 895
822, 721

2,287,080
5,501,952

May 15.

108,967
181,621
802,401

1,405,403
33,944

4,155,392
2, 205, 187

251,947
1,056,182

139, 704
253, 414

1,739,342
50, 480
177,301
16,094

142, 963
38,462
93, 745
381,594

1,332,930
5,717,307

20, 569, 824
37,110,856
26,548,472

20, 284, 470
37,068,407
31,403,425

June 15.

219,124
200,877
566,535

1,856,260
64,023

5,720,088
3,305,773
441,690

1,758,346
162, 537
177,546

1,874,337
69,959
419.393
46,326
110,246
123, 598
517,814
287,471

2,374,659
7,428,240

27,730,.S42

47,370,741
50,298,027

Species.

Bluefish
Butterfish
Ciscoes
Cod, hake, pollock, and had-
dock

Croaker
Halibut
Herring
Lake trout
Mackerel
Rockfishes
Sablcfish
Salmon
Sea bass
Shad
Shad roe
Smelt, eulachon, etc

Squeteague
Squid
Whitefish
WTiiting
Miscellaneous

Total, 1920.
Total, 1919
Total, 1918

July 15.

153,286
283, 174

620, 704

1, 690, 736
108,777

6,609,561
5, 342, 182

463, 036
3,064,809

124,330
2.S3, 333

2, 563, 384
85, 493

433, 773
62,328
88, 826

460, 703

699, 532
331,269

4,395,069
7,928,975

Aug. 15.

210,881
507,992

2, 152, 253

2,113,959
281, 429

8,629,889
5,480,143

554,365
3,014,641

185, 228
596,683

3, 467, 706
121,771

473, 731

49,416
100,968
449,301
865,924
623, 567

8,630,018
8, 563, 480

Sept. 15.

283,771
515,035

4,868,638

2,577,704
108, 882

10,340,381
5,430,419

5.54, 590
2,677,822

199,928
834,172

4,676,452
109, 134

502, 435
42,973
115,625
498, 421

2, 162, 909
1,015,279
9,648,-503

8,439,277

35, 793, 280
59,363,929
64, 859, 532

47,073,345
64,740,173
82, 773, 229

55,602,350
69,554,969
89,5.57,970

Oct. 15.

303, 195

933, 513

6,306,065

3,040,670
706,404

10,661,832
6,083,108

9.53,691

2,020,092
200,548

1,118,903
6,771,546

106, 504
493, 734
41,984

162, 557
861, 561

2,580,377
1,100,929
9,536,391
9,854,135

Nov. 15.

64,437,745
76,138,809
94,411,748

402,451
1,353,337
6,045,595

3, 785, 894
703, 814

9,761,076
6,582,737
1,67.5,026

2, 788, 666
215, 944

1,019,398
8,094,984

123, 598
475, 704
41,772

162, 197

1,007,848
2,62.5,801

1,089,815
9, 412, 377
10,459,900

67,827,934
78,477,504
99,631,789

Dec. 15.

411,000
1,199,000
6, .533, 000

3,538,000
577,000

8,694,000
7,738,000
2, 108, 000
2, 405, 000

143,000
919, 000

7, 128, 000
130,000
340, 000
42, 000
182,000
812,000

2,226,000
1,985,000
7,811,000
10,466,000

65,387,000
73,936,025
96,600,247

1 The 1918 totals are taken from "Reports of Storage Holdings of Certain Food Products during 1918,"
byJohn O.Bell, U.S. Department of Agriculture Bulletin No. 792, and the 1919 and 1920 holdings from the
mimeographed memoranda issued monthly by the Bureau of Markets.

QUANTITIES FROZEN IN 1920.

The quantities of fish frozen between January 15, 1920, and
January 15, 1921, based on the monthly memoranda issued by the
Bureau of Markets w^as 85,324,366 pounds. The principal varie-

ties frozen were as follows: HaUbut, 10,625,029 pounds; herring,

10,356,305 pounds; whiting, 10,208,755 pounds; salmon, 7,836,620
pounds; ciscoes, 6,968,750 pounds; mackerel, 4,835,173 pounds;
cod, haddock, hake, and pollock, 3,940,163 pounds; and squid,

3,252,720 pounds. The item of miscellaneous fishes amounted to
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16,454,317 pounds and includes albacore, bonito, burbot, catfish,

eels, flounders, German and buffalo carp, horse mackerel, Spanish
mackerel, perch, pike, pickerel, pompano, red snapper, sheepshead,

swordfish, tilefish, tuna, all kinds of fresh and salt water bass except

sea bass, and all other frozen fish including soft crabs and bay
scallops. The item of frozen shad of 411,398 pounds includes

31,063 pounds of shad roe. Figure 6 shows the relative amounts
of each species frozen.

SPECIES MILLIONS OF POUNDS4-56789
MISCELLANEOUS
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COMMON AND SCIENTIFIC NAMES OF FISHES.

To provide a clearer understanding of the species to which refer-

ence is made in the tahles and discussions, the following list of com-
mon and scientific names of the fishes of California, as accurately as

it has been possible to ascertain them, is appended. As the reports
do not in all cases distinguish between albacore and the species of

tuna it is hnpracticable to separate the catch by species. Under
flounders have been grouped the "bastard halibut (ParalicJithys

californicus), the ''turbot" {Hypso'psetta guttulata), sand dabs
{Citharlchtliys sordidus), and a number of flounders locally designated
as soles. The "hake" (Merluccius productus) of the west coast is

closely related to the New England whiting, being a member of the
same genus, and the adoption of the latter name would avoid con-
fusion. Menticirrhus undulatus is designated as surffish, kingfish,

and California whiting by the fishermen, and Genyonemus lineatus,

another species belonging to the family of croakers, is commonly
called kingfish. On the Atlantic seaboard the Bureau has recom-
mended the adoption of the name king whiting for species of Men-
ticuThus. The "lingcod" is called cultus-cod on the California

coast. Included with the catch of rockfishes are boccaccio (Sehas-

todes paucispinis) and chilipepper {S. goodei and jordani). The
young of the white sea bass (Cynoscion nohilis) are designated as

sea trout" and the species of sharks as grayfish by the fishermen.

(Germo alalunga.

Albacore and tuna iGermo macropterus.

[ Thunnus thynnus.

Anrhovipa
(Engraulis (species).

Ancnovies
\Anchovialla (species).

Barracuda Sphyrxna argentea.

Bluefish, California, or squeteague Cynoscion parvipinnis.

Bonito or skipjack Sarda chilensis.

Carp Cyprinus carpio.

Catfish Ameiurus (species) . •

P , (Lycodontis mordax.
^

JMursena (species).

Flounders Pleuronectidte (Species).

Greenfish or rudderfisli Girella nigricans.
'

' Hake " Merluccius productus.

Hardhead Orthodon microlepidotus.

Herring Clupea pallasii.

Kingfish Genyonemus lineatus.
'

' Lingcod " Ophiodon elongatus.

Mackerel Scomber japonicus.
Mull et Mugil cephalus.

"Perches," surf Embiotocidse (species).

Pike, Sacramento Ptychocheilus oregonensis.

Pilchard Sardinia ca'rulea.

Pompano, California Palometa simillima.

R^ i,fi , ^„ fSebastodes (species).
Kocknsnes

\8ebastichthys (species).

Sablefish Anoplopoma fimbria.
Salmon Oncorhynchus (species).

Sculpin Scorpxna guttata.

Sea bass, black Siereolepis gigas.

IParalabrax clathratus.

Faralabrax macidatofasciatus.

Paralabrax nebuli/er.

Sea bass, white or equeteague Cynoscion nobilis.

Shad Alosa sapidissima.

Sharks All Selachii except BatoideL
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(Anisotremus davidsonii.

Slieepsliead ]
Caulolatilus princeps.

[Pimelometopon pulcher.

I

Raja (species).

Platyrhinoides triseriatus.

Rhinohatus productua.

"Smelt" Atherinidse (species).

Splittail PogonicJit.hys macrolepidolus.

Steelhead trout Salmo gairdneri.

Striped bass Roccus lineatus.

(Dasyatis dipterura.

Pteroplatea marmorata.
Urolaphushalleri.

_

Myliohatis californicus.

Suckers Catostomus occidentalis.

Sirrffisli Menticirrhus undulatus.

Swordfish Xiphias gladius.

Tomcod Microgadus proximus.

Whitebait Small fry of any fish.

Wliitefish Caulolatilus princeps.

Yellowtail Seriola dorsatis.

Crabs Cancer magister.

iCrago franciscorum.
Crago nigricauda.

Crago nigrimaculata.

Sea crawfish or spiny lobster Panulirus interruptus.

Abalones ITaliotis (species).

Clams:
Hard Tivela stultorum.

Soft Mya arenaria.

Cockles Cardium (species)

.

Limpets Gastropoda (species).

,r 1 \ Mytilus californianus.
^^^^«1^ WytUus edidis.

Oysters:
Eastern Ostrea virginica.

Native Ostrea lurida.

Scallops Pecten sequisulcatus.

Snails Gastropoda (species).

Octopus Polypus hongkongensis.

Squid .' Loligo opalescens.

PRODUCTS.

The total yield of the fisheries of California in 1920 amounted to

212,635,075 pounds. The principal products were as follows:

Pilchards, 118,517,729 pounds; albacore and tuna, 36,144,340
pounds; salmon, 11,077,014 pounds; bonito or skipjack, 8,614,581
poimds; flounders, 7,792,626 pounds; rockfishes, 5,503,187 pounds;
and barracuda, 4,584,476 pounds. These products represent a total

of 192,233,953 pounds, or 90.40 per cent of the total quantity cred-
ited to the State. The catch of shad amounted to 1,408,980 pounds;
of sharks, skates, and rays to 1,253,648 pounds; of shrimp to 818,042
pounds; of squid to 507,751 pounds; of sea crawfish or spiny lobster

to 247,156 pounds; of oysters to 148,924 pounds or 21,275 bushels; of

octopus to 70,740 pounds; and of cockles to 18,054 pounds.
The imports of fresh fish from Mexico in 1920 amounted to 8,121,225

pounds. The principal products imported were as follows: Bar-
racuda, 3,615,947 pounds: flounders, 1,678,264 pounds; sea crawfish
or spiny lobster, 942,020 pounds; tuna, 724,281 pounds; white sea
bass, or squeteague, 252,462 pounds; yellowtail, 218,400 pounds;
and bonito or skipjack, 216,344 pounds.
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Products, in Pounds, of the Fisheries of California, 1920.

57

Species.
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Products, in Pounds, of the Fisheries of California, 1920—Continued.

Species.

Albacore and tima
Anchovies
Barracuda
Bl'.ieflsh, California, or sque-
teague

Bonito or skipjack
Carp
Catfish
Eels
Flounders
Green fish or rudderfish
"Hake"
Hardhead
Herring
Kingfish
" Lihgcod"
Mackerel
Mullet
" Perches," surf
pike, Sacramento
Pilchard
Pompano, California
Rnckfishes
Sablefish
Salmon
Sculpin
Sea bass, black
Sea basses or "rock bass"
Sea bass, white or squeteague.
Shad
Sharks
Sheepshead
Skates
"Smelt"
Split-taU
Steelhead trout
Striped bass
Stingarees or stingrays
Suckers
Surffish
Swordfish
Tomcod
Whitebait
Whiteflsh
YeUowtail
Other fish

Crabs
Shrimps
Sea crawfish or spiny lobster.
Abalones
Clams
Cockles
Limpets
Mussels
Oysters:

Eastern
Native

Scallops:
Snails
Octopus
Squid

Total.

.\ugust.

14,819,308
16, 485

219,553

54
3, 058, 975

340
1,367

563, 746

September.

3, 801, 885
• 199, .577

308, 899

3, 784, 239
150

2,173

7,110
470

515, 164

"i4,'679

3,442
72, 105

306, 088
980

2,121
62

13,130,386
75

298, 448
45,386

2, 882, 287
22

4,215
28,742
443,558

1,169
45, 319

280
437

59, 727

5,160
39,701
14, 195

2,600
606

90
108, 582
18, 921

82, 015

105,061
42,245

550
3,900
3,070

5.229
4, 594

4,102
21,392

36, 454, 270

8,728
47, 725

383, 946
347

2,590
12

14, 163, 753
858

285, 248
9,233

1,879,429
1,610
4,784
27,715

263, 553
188

39, 153
107

6,774
76, 895

23

48,080
5,383

5,812
128

250, 128

6,082

141,048

59,365
58, 659

167

139

6,751
2,082

375

26, 413, 036

October.

1,954,-324

87, 561
285,362

6,724
1,474,619

302
3,014

180
371,617

16,207

130
23, 477

50,019
306. 474

17,105

11,102,753
6,436

321,742
07, 814
152,691
7,451
6,552

23,665
42,526

30,414
877

1,020
77, 129

665
264

2,598

8
20

632, 753
28,988

32, 955
40,509
55,859
51, 662

75

140

8,976
1,575

176
2,199

17,297,606

November.

8,948
28,405
53,022

6,045
112,557

1,614
9,931

December.

389,434
'

'29'925'

303
30,989
45, 847

188, 653

14, 784
899

,990,053
1,060

421, 234
8P., 772
172,114
2,367
7,026

12, 059
45,651

639
41,1.54

1,027
6,650

82, 057
288
425

37,204

287

370
1,884

147

1,517
463, 334
54,002
96,074
24,148
68, 861

95, 430
45, 370

76

224

8,997
330

60
3,207
322

11,693,776

1,159
14,695
97, 717

2,798
51,490
6,213
4,872

412, 453

11,925
467

47, 605
35, 968
30,246

340, 066

26,585
1,570

4, 098, 151

719
669,933
27, 106

37, 226
5, 101

5,441
11,675
35, 896

282
56,662
1,990
11,652
42, 491

1,154
664

66,084
820

3,046
387

2,385
84, 119
19,054

165, 880
17,275
49,935
71,998
44,181
1,801

125

10,839

2,796
53

6,632,750

Total.

36, 144, 340
570.686

4, 584, 476

32,229
18,614,581

134, 420
112, 365

180
7,792,626

412
141,981
13,323

274,364
461,411
687,954

2,997,308
17,513
181,131
8,138

118,517,729
30, 126

5,503,187
781,032

11,077,014
35,674
89,869

207,075
2, 376, 293

1,408,980
798, 721

14, 402
88,931

730, 475
14,084
6,999

671,731
365,996

2,712
10

12, 240
37,237

738
7,419

2, 475, 283
256,938

2 1,115,862
818,012
247, 156
806, 716
568, 405
18, 054
18,835
32, 710

s 89, 183
59,741

759
788

70,740
507,751

212,0.35,075

1 This item may include some striped tuna. ^ 50,721 in number. » 5,096,182 in number.
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Mexican Fishery Products, in Pounds, Imported into California, 1920.

Species.
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EARLIER PUBLICATIONS.

Some of the earlier publications relating to the fisheries of the
South Atlantic States and published in Washington, D. C, follow:

1887. North Carolina and Its Fisheries. By R. Edward Earll. In The Fisheries
and Fishery Industries of the United States, by G. Brown Goode et al..

Sec. II, Pt. XII, p. 475-497.
The Fisheries of South Carolina and Georgia. By R. Edward Earll. Ibid.^

Sec. II, Pt. XIII, p. 499-518.
Eastern Florida and Its Fisheries. By R. Edward Earll. Ibid., Sec. 11^

Pt. XIV, p. 519-531.
History and Methods of the Fisheries. Ibid., Sec. V, Vol. I (xi+808 p.).

Vol. II (xx+881 p.), and atlas of 275 pis.

1892. V. The Fisheries of the South Atlantic States [1887 and 1888]. In Statistical

Review of the Coast Fisheries of the United States, prepared under the
direction of J. W. ColKns. Report, U. S. Commission of Fish and Fisheries,.

1888 (1892), p. 351-361.
1893. Report on the Fisheries of the South Atlantic States. By Hugh M, Smith.

Bulletin, U. S. Fish Commission, Vol. XI, 1891 (1893), p. 269-356, PL
XLIII-LXXIV.

1897. Report on the Fisheries of Indian River, Florida. By John J. Brice et al.

Report, U. S. Commission of Fish and Fisheries, 1896 (1898), p. 223-262,
pi. 23-59.

1898. Report on the Fish and Fisheries of the Coastal Waters of Florida. By John J.

Brice. Report, U. S. Commission of Fish and Fisheries, 1896 (1898),
p. 263-342.

1899. Notes on the Extent and Condition of the Alewife Fisheries of the United States
in 1896. By Hugh M. Smith. Report, U. S. Commission of Fish and
Fisheries, 1898 (1899), p. 31-43.

The Shad Fisheries of the Atlantic Coast of the United States. By Charles
H. Stevenson. Ibid., p. 101-176.

1900. Statistics of the Fisheries of the South Atlantic States [1897]. Report, U. S..

Commission of Fish and Fisheries, 1899 (1900), p. 171-227.

1905. Statistics of the South Atlantic States, 1902. Report, U. S. Commission o£
Fish and Fisheries, 1903 (1905), p. 343-410.

1911. Fisheries of the United States, 1908. Special Reports, Bureau of the Census^
1911.

COMMON AND SCIENTIFIC NAMES OF FISHES.

In the appended list are given the common and scientific names of
the species of fishes of the South Atlantic States listed in the statis-

tical tables, as accurately as it has been practicable to determine
them, for the guidance of the reader.

A 1 •

• (Pomolobus aestivalis.

{Pomolobus pseudoharengus

.

Ambei-fish Seriola (species).

Angelfish Chsctodipterusfaber.

Barracuda Sphyrsena (species).

Black bass
(Mieropterus dolomim.
{Muropterus salmoides.

Bluefish Pomatomus saltatrix.

Blue runner or hard tail Caranx crysos.

Bonito Sarda sarda.

Bowfin Amiatus calvus.

Butterfish Poronotus triacanthus.

Carp Cyprinus carpio.

Catfish Siluridse (species)

.

Cero and kingfish
fScomberomorus cavalla.

° yb comberomorus regaiis.

Cowfish and "shellfish '' Ostraciidaj (species).
Crappie Pomoxis sparoides.

Crevalle Caranx (species).
Croaker Miavpogon undulatus.
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Dn,m,roda„,n„aoU {ftSS'S"''-
c, ,

JAnguilla rostrata.
^^^^

lOther Apodes.
Flounders Pleuronectidte (species).

Gizzard shad Dorosoma ccpedianum.

IEpinophelua (species).

Myctcroperca (species).

Garrupn nigrita.

Grunts Ha'mulid;c (species).

Hickory shad Pomolobiis mediocris.

Hogfish Lachnolairmis maximus.
Jew'fish Promicrops guttatus.

King whiting Menticirrhus (species).

Ladyfish Albula vulpcs.

Leather jacket or " turbot" Balistes carolinensis.

Menhaden Brevoortia tyranniis.

Moonfish Vomer sctipinnis.

•., 11 , ( Muqil cephalus.
M""^* \MvUcurema.
Parrotfish Scaridte (species).

Perch , white Morone americana.
Perch, yellow Percaflavescens.
Permit Trachinotus goodei.

Pigfish Orthopristis chrysopterus.

Pike or pickerel Esox (species).

Pinfish or sailor's choice
jLagodon rhomboides.

lOther species. ,

I

Trachinotus carolinus.

Trachinotus (other species).

(See also Permit.)

"""si-te-") {?Su"(B<pSf
Porkfish Anisolremus virginicus.

Scup Stenotom^is (species)

.

Sea bass CentropriMes striatus.

Sea gar or needlefish
fTylosurus (species).

" (Ablennes (species).

Sergeantfish or snook • . . Centropomtis undedmalis.
Shad Alosa sapidissima.
Sharks All Selachii except Batoidei.
Sheepshead Archosnrgus probfitocephalus

.

Skates Batoidei (species).

Snapper, mangrove LtCtianics griseus.

•Snapper, mutton Lutianus analis.

Snapper, red Lutianus blackfordi.

Spanish mackerel Scomberomorus maculattis.

Spot LeiostormiS xanthurus.

ICynoscion regalis.

Cynoscion nothus.
Cynoscion iwbulosus.

Striped bass Roccus Hneatus.
Sturgeon Acipenser sturio.

Suckers Castostomidie (species).

Sunfish Centrarchidie (species).

Tautog Tautoga onitis.

Tilefish Lopholatilus chamseleonticeps

.

Yellowtail or
'

' silver perch " Bairdiella chrysura.

GENERAL STATISTICS

The number of persons engaged in the fisheries of the South
Atlantic States in 1918 was 15,046, of whom 1,964 were on vessels
fishing, 91 on vessels transporting fishery products, 8,604 in shore
fisheries, and 4,387 shoremen in the wholesale fishery trade, oyster
•canneries, fertihzer factories, and other industries connected with
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the fisheries. Of the total, 8,036 are credited to North Carolina,
2,000 to South Carolina, 1,680 to Georgia, and 3,330 to the east coast
of Florida.

Compared with the returns for 1902, there has been a decrease in
the number of persons employed in North Carolina of 6,719, or
45.54 per cent; in South Carolina, a decrease of 1,713, or 46.14 per
cent; in Georgia, a decrease of 606, or 26.51 per cent, and in Florida,
an increase of 632 persons, or 23.42 per cent. The total decrease
for the entire region amounts to 8,406, or 35^4 per cent.

The capital invested in the fisheries of this region amounted to

S7,423,971, distributed as follows: North Carolina, $4,222,043;
South Carolina, $221,251; Georgia, $769,998; and the east coast of
Florida, $2,210,679. The investment included 261 fishing and trans-
porting vessels, valued at $1,855,588 and having a net tonnage of
5,597 tons and outfits valued at $565,858; 5,632 boats, valued at
$910,218; fisliing apparatus used by vessels and boats, valued at
$957,239; shore and accessory property to the value of $2,731,918;
and cash capital to the amount of $403,150.
Compared with 1902, there has been an increase in the investment

in North Carolina amounting to $2,248,602, or 113.94 per cent; in
South Carolina, a decrease of $99,472, or 31.01 per cent; in Georgia,
an increase of $427,848, or 125.04 per cent, and on the east coast of
Florida,«an increase of $1,855,844, or 523.01 per cent, representing a
total increase for the region of $4,432,822, or 148.19 per cent.

The principal forms of fishing apparatus arranged in order of their
value were: 3,779 pound nets, valued at $355,439; 15,399 gill nets,

valued at $233,883; 91 purse semes, valued at $219,027; 582 haul
seines, valued at $102,193; and 371 otter trawls, valued at $22,055.
Other apparatus employed included fyke nets, dredges, lines, cast
nets, stop nets, eel pots, tongs, grabs, rakes, spears, etc., to the value
of $24,642. The use of the otter trawl introduced in the shrimp fishery
at Fernandina, Fla., about l5l5, represents the most important change
in fishing apparatus since 1902.

The products of the fisheries amounted to 332,614,123 pounds,
having a value to the fishermen of $5,348,616. The yield of the
various States was as follows: North Carolina, 210,501,750 pounds,
valued at $2,978,708; South Carolina, 3,746,932 pounds, valued at
$207,690; Georgia, 37,153,953 pounds, valued at $416,043; and east
coast of Florida, 81,211,488 pounds, valued at $1,746,175.
The more important species taken in these States were : Alewives,

fresh and salted, taken mostly in North Carolina, 15,185,585 pounds,
valued at $412,067; black bass, credited to North Carolina, 551,125
pounds, valued at $63,137; bluefish, 892,045 pounds, valued at
$85,567; cero and kingfish, taken mostly in Florida, 2,483,647
pounds, valued at $161,562; menhaden, 257,757,799 pounds, val-
ued at $1,605,117; mullet, fresh and salted, 11,757,318 pounds, valued
at $508,044; sea bass, 577,596 pounds, valued at $50,592; shad,
2,888,644 pounds, valued at $568,585; Spanish mackerel, credited
mostly to Florida, 3,211,405 pounds, valued at $232,355; spot,

1,692,775 pounds, valued at $72,795; squeteagues or "sea trout,"
5,105,249 pounds, valued at $360,527; shrimp, 15,656,903 pounds,
valued at $470,346; and oysters, 5,871,376 pounds, or 838,768 bush-
els, valued at $260,863.
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CompjvnHl with the Bureau's returns for 1902, there has been an

increase in tlio products of the fisheries of 220,168,051 pounds, or

212 47 per cent, in quantity and of S2,50S,9S3, or 88.35 ner cent, in

vahie. Compared with the census returns for 1908, the increase

STATES
TOTAL

NOMH CAROLINA

SOUTH CAROLINA

GEORGIA

FLORI0^
(EAST COAST)

MILLIONS OF MUND5
ao 100 IZ.9 140

STATES
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amounted to 87,584,072 pounds, valued at $2,808,213, and in 1918
to 74,856,324 pounds, valued at .S3,743,499, a decrease of 14.53 per
cent in quantity and an increase of 33.30 per cent in value. Com-
pared with 1902 the increase in North Carolina amounted to 142,-

917,016 pounds, or 211.46 per cent, in quantity and $1,239,047, or
71.22 per cent, in value; in Georgia, to 26,051,343 pounds, or 234.64
per cent, in quantity and $56,962, or 15.86 per cent, in value; and
on the east coast of Florida, to 61,627.223 pounds, or 314.67 per cent,
in quantity and $1,268,307, or 265.41 per cent, in value. In South
Carolina there was a decrease in the quantity amounting to 4,427,531
pounds, or 54.16 per cent, and in value of $55,333, or 21.03 per cent.
As an index of the trend of the fisheries of the South Atlantic

States it is of interest to compare for various years from 1890 to 1918
the catch of certain staple species with the take of forms which have
increased greatly in importance in recent years, species of which in
the past there has been a comparative abundance but a lack of demand.
For this purpose alewives, mullet, shad, scj^ueteagues, and oysters
have been selected as representative of staple varieties and cero
(including kingfish), red and black drum, menhaden, Spanish mack-
erel, and shrimp, representing species for which the demand has
greatly increased in recent years, resulting in much more intensive
fishing operations. Lacking accurate data, for comparative purposes,
as to the intensiveness with which these fisheries were prosecuted, it is

difficult to draw definite conclusions regarding the present status of
these fisheries, but the figures are nevertheless of interest. A study
of the appended table reveals comparatively small fluctuations in the
catch of alewives over the entire period. The fishery for mullet has
more than doubled since 1890 but shows a reduction in the catch in

1918 as compared with 1902 and 1908. That the supply of shad is

being depleted is indicated by the striking reduction in the catch in

1918 in comparison with that for other years. In comparison with
1908, the decrease amounts to 5,683,356 pounds, or 66.30 per cent.
The fluctuation in the catch of squeteagues is not so marked, and in
the absence of accurate information as to the intensiveness of fishing

operations for the various years, the status of this fishery is largely
conjectural. As on other parts of the coast, there has been a striking
decline in the take of oysters.

With greater development of the fisheries and inability to supply
the demand for staple varieties, the growth of other fisheries has
been quite striking as indicated by the statistics for cero and kingfish,

red and black drum, Spanish mackerel, and shrimp. On the Atlantic
seaboard, the demand for red drum or "channel bass," as it is often
called, has never been as great as on the Gulf and difficulty has been
experienced in marketing it, particularly in the jnore northern part
of its range. The increased catch of menhaden for conversion into
oil and scrap is also of interest.

Products, in Pounds, OF Certain Fisheries of the South Atlantic States,
Various Years, 1890 to 1918.

Year.
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Products, in Pounds, of Certain Fisheuies ok the South Atlantic States,
Various Years, 1890 to 1918—Continued.

Year.
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Fisheries op the South Atlantic States, 1918—Continued.

Item. North Carolina. South Carolina.

INVE.STMENT—Continued.
Boats:

Sail, row, etc
Power

Apparatus, vessel fisheries:

Purse seines
Gill nets
Lines
Otter trawls
Dredges
Tongs and graljs

Apparatus, shore fisheries:

Purse seines
Haul seines
Gill nets
Pound nets
Fyke nets
Cast nets
Stop nets ..:

Lines
Otter trawls
Eel pots
Dredges
Tongs, grabs, and rakes
Spears or gigs

Crab traps and drags
Other apparatus

Shore and accessory property
Cash capital

Total.

PRODUCTS.
Alewives:

Fresh
Salted

Angelfish
Black bass
Bluefish
Bonito
Bowfln
Butterfish
Carp
Catfish
Cero and Kingflsh
Crappie
Crevalle
Croaker
Drum, red and black
Eels
Flounders
Gizzard shad
Grunts
Hickory shad
King whiting
Menhaden
Mullet:

Fresh
Salted

Perch:
White
Yellow

Pigfish:
Fresh
Salted

Pike.
Pinfish or sailor's choice
Pompano
Porgies
Sea bass
Shad
Sharks
Sheepshead
Skates.
Spanish mackerel
Spot:

Fresh
Salted

Squeteagues or "sea trout"
Fresh
Salted

Striped bass
Sturgeon
Sturgeon caviar

Number.
1,727
1,357

57
13

22

3
440

14, 299
3,779

591

27
1,585
550

1,008
80
113

Pound;
8, 739,

5,743,

8,

551,

322,

3,

34,

731

153
304
211,

5,

380,

99:

174;

9i:

44,
15'

158

179,910,599

812,

315,

617,

223,

264,

3,

20,

50,

Value.
$38, 053
269, 720

156, 727
800
50
100

2,0.55

100

1,600
41,533

108, 878

355,439
6,230

Number.
639
51

165

90
333
960

1,329
2,648
2,046

78
565
375

1,347,644
159,050

4, 222, 043

Value.
$238, 624
162,595

340
63, 1:37

29,677
107
319

24,785
5,619
9,783
13,947

568
11

11,912
3, 246

13,33.3

7.022
1,154
1,150

13,388

1,306,489

52, 734

38,341

31,150
10, 147

12,675
63

1,898
1,225
994

25
233

549
36

Pound.?.
9,500

3,000

300
16,000
6,000

16,200

100
20, 500
40. 125

58,050
142, 700

2,300

111,

1,657

,223

,'446

1, 193,

42,

3, .301. 246

286

10. 928
376,696

1,839

"i4,'276'

52,531
3 768

209,483
10

46,030
974

1,497

2,001)

132, 000
167,462
20,000
2,100
2,000

37,000
25,550

59, 150

ir,225
665
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Fisheries of the South Atlantic States, 1918—Continued.

Item. North Carolioa. 8outh Carolina.

PRODUCTS—continued

Suckers
Sunfish
Tautog
Yellowtail or "silver perch"
Shrimp
Crabs:

Hard
Soft

Clams, hard
Oysters, market:

Public
Private

Scallops
Terrapin
Turtles
Shark liides

Other aquatic hides

Total

Pounds.
16, 464

123, 980
150

31,278
940, 120

145,605
233, 705
197, 576

1,500,534
I8,2(X)

422, 832
210

8,400
19. 125

1,050

210,501,750

Value.
S680
1,202

9
1,379

23,485

1,983
23,821
46, 598

07,380
2,900

31,018
92
77

2,868
157

Pounds.
I

Value.

3,666
!

si*)

900
55,400

18,000
300
800

2,031,755
152,075

1,275

37
6,220

400
75
200

83, 892
12,650

2,978,708 3,746,932 207,690

Item.
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Fisheries op the South Atlantic States—Continued.

Item. Georgia. Florida (east coast). Total.

PRODUCTS.

Alewives:
Fresh
Salted

Amberfish
Angelfish
Barracuda
Black bass
Blueflsh
Blue runner or hardtail.
Bonito
Bowfin
Butterflsh

Pounds.

5,000

Carp.
Catfisli

Cero and Kingflsh
Cowfish and "shellfish",

Crappie
Crevalle
Croaker
Drum, red and black

—

2,675
74

Eels-
Flounders
Gizzard shad
Groupers
Grunts
Hickory shad
Hogflsh
Jewish
King whiting
Ladyflsh
Leathorjacket or "turbot"

.

Menhaden ,

Moonflsh
Mullet:

Fresh
Salted

Parrotfish
Perch:

White
Yellow

Permit
Pigflsh:

Fresh
Salted

5,900
1,674

10,800

27, 758
512

13,007

27,230

29,484,600

10,650

Value. Pounds.
692,265

11,686
2,915
2,915

561, 301

50, 750
8,141

4,200

265
7

13,900
2,271,792

50

255
112

321,030
124,278
900,091

13,490

1,019
26

2,035

74, 78:3

113,679

1,468

88,453

693

Pike.
Piniish or sailor's choice
Pompano
Porgies
Porkfish
Soup
Sea bass
Sea gar or needlefish
Sergeantfish or snook
Shad
Sharks
Sheepshead
Skates
Snapper:

Mangrove
Mutton
Red

Spanish mackerel
Spot:

Fresh
Salted

Squeteagues or "sea trout":
Fresh
Salted

Striped bass
Sturgeon
Sturgeon caviar
Suckers
Sunfish
Tautog
Tilefish
Yellowtail or "silver perch".

.

Shrimp
Crabs:

Hard
Soft

Sea crawfish or spiny lobster .

.

12,000
292,615

100,540
1,289
400

900
23,765

26,960
30
25

112, 349

1,100

125

39, 150

35,000
2,000

5,793,465

8,455

7,810

10

4,700

2,400
100

173,990

250
12,487

297, 008
1,280

370
48,362,600

7,970

10,417,889
'

3,' 566'

7,290

14,762

442,

133,

5,

1,

314
963
63:

104

23,186
241,078
20,200

3,061,965

393,030

1,645,223

43,970
,867,918

52,000

"23,563

Value.
$10,373

390
91
97

54,715
1,542
258

170

278
147,608

2

9,833
3,447

24,638

737

3,622
3,629

11

365
15,604

13

13

210, 175
245

397, 147

70

13,033
19,889

328
57

2,699
5

8,629
135,844

526
4,115

975
7,399
2,000

218,085

11,998

142,091

1,279
266,651

1 672,180 in number.

1,174

2 702,015 in number.

Pound
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Fisheries of the South Atlantic States—Continued.

Item.
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Extent of Fisheries of South ATLAifric States, Various Years, 1880 to 1918

—

Continued.

state.
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The investment in the fisheries of $4,222,043 includes 118 fishing
vessels, valued at SI.249, 725, with a net tonnage of 3,437 tons and
outfits valued at S422,790; 37 transporting vessels, valued at S34,3()0,
with a net tonnage of 289 tons and outfits valued at $18,225; 3,084
power, sail, row, and other boats valued at $307,773; fishing appa-
ratus employed on vessels to the value of $160,432; fishing apparatus
employed in shore or boat fisheries to the value of $522,104; shore
ana accessory property valued at $1,347,644; and cash capital
amounting to $159,050.
The products amounted to 210,501,750 pounds, valued at $2,978,-

708. The species of chief importance arranged in order of their
value were: Menhaden, 179,910,599 pounds, valued at $1,306,489;
alewives, 14,483,820 pounds, valued at $401,219, of which 5,743,876
pounds, valued at $162,595, were salted; shad, 1,657,036 pounds,
valued at $376,696; squeteague or ''sea trout," 3,361,326 pounds,
valued at $209,493; mullet, 1,128,029 pounds, valued at $91,075, of

which 315,350 pounds, valued at $38,341, were salted; oysters,

1,518,734 pounds, or 216,962 bushels, valued at $70,280; blact bass,

551,125 pounds, valued at $63,137; spot, 1,236,095 pounds, valued
at $56,299, of which 42,825 pounds, valued at $3,768, were salted;

hard clams, 197,576 pounds, or 24,697 bushels, valued at $46,598;
and striped bass, 286,528 pounds, valued at $46,030.
Menhaden represents 85.46 per cent of the total quantity and 43.86

per cent of the total value of the products of the State in 1918. The
products of the fisheries exclusive of menhaden for various years
follow: 39.388,742 pounds, valued at $1,011,498, in 1890; 52,924,257
pounds, valued at $1,296,317, in 1897; 48,722,734 pounds, valued at

$1,708,241, in 1902; 44,010,000 pounds, valued at $1,706,000. in 1908,
and 30,591,151 pounds, valued at $1,672,219, in 1918. From the
foregoing it will be evident that the trend of production of food fishes

is downward and should be a matter of some concern to the State.

As indicative of the trend of certain of the important fisheries of the
State, the follo\ving table gives the comparative production figures

for various years

:

Products of Certain Fisheries of North Carolina, Various Years, 1890 to 1918.

."Species.

Alewives
Blueflsh
Mullet
Shad
Squeteagues or "sea troui"
Striped bass

Clams
Oysters

Pounds.
16, 481, 063

1, .345, 194

3, .tSS, 981

5, 768, 413

1, ,S8,5, 677

568, 341

Bushels.
28,269

807, 260

1897

Pounds.
15, 790, 437

1, 696, 175

3, 409, 585

8, 963, 48S

3, 090, 254

845, 123

Bushels.
117, 226
858, 818

1902

Pounds.
11,172,975

977, 142

6, 705, 492

6, 566, 724

3, 781, 456
1, 175, 400
Bushels.

146,897
1, 022, 813

1908

Pounds

.

10, 928, 000
1, 256, 000
5, 070, ,S00

3, 942, 000
4, 635, 000

510, 000
Bushels.

91,000
812, 500

Pounds.
14,483,820

322, 744
1, 128, 029
1,657,036
3,361,326

286, 528
Bushels.

24,697
216, 962

An examination of this table reveals a very marked decline in the

catch of bluefish, mullet, shad, striped bass, clams, and oysters,

while the fisheries for ale\^dves ancl squeteagues have fluctuated

comparatively little. In 1918 the catch of bluefish amounted to

only 25.69 per cent of that in 1908; of mullet, to only 22.25 per cent
of the 1908 catch; of shad, to only 42.04 per cent of the catch in

1908, and 25.23 p^r cent of the catch in 1902; of striped bass, to
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only 56.18 per cent of the 1908 catch and 24.38 per cent of the 1902
catch; of clams, to only 27.14 per cent of the 1908 catch and 16.81

per cent of the 1902 catch; anci of oysters, to only 26.70 per cent of

the 1908 catch and 21.21 per cent of the 1902 catch.

The principal factors affecting the abundance of shad in our
Atlantic coast waters appear to be unsatisfactory spawning areas,

due to pollution and artificial barriers restricting the movements of

the fish in the rivers, and interference with the fish in their migra-
tions to the spawning areas and while on these areas. It is con-
ceivable that, unless these conditions are rectified, the consumer
may have to depend on the Pacific coast for these fish at some not
far distant date. In North Carolina, wliile pollution is believed to

have been a less significant factor than in some of the other States,

interference mth the free movement of a sufficient body of the fish

to the spawning areas and during the spawning period is considered

to be an important factor aft'ecting the supply of fish in the waters,

which fish-cultural operations have been unable to wholly counter-

act. A study of the production figures for striped bass would indi-

cate that the supply of this fish is being cfepleted. Difficulties in

propagation, such as inability to procure ripe fish of both sexes at

same time, handicap operations in this field. The decline in the
catch of oysters would mdicate how important it is for the State to

give more serious consideration to the encouragement of oyster

farming. In this connection the results of former investigations of

the Bureau should prove of interest, notably a document by Dr.
'^aswell Grave. ^°

FISHERIES BY COUNTIES.

The statistics as to the number of persons employed, investment,

and products of the fisheries of North Carolina in 1918 are given by
counties in the appended table. It will be noted that of the catch
of sea bass of 111,650 pounds, valued at $10,928, 59,650 pounds,
valued at $5,763, are credited to Carteret County. The increase in

the catch for this county is directly attributable in large part to the

Bureau for its work in locating the small fishing grounds along this

section of the coast and for encouragement given to the establish-

ment of an important fishery. Difficulties in marketing the catch

at satisfactory prices are reported to have retarded the fullest de-

velopment of this fishery.

As a result of the Bureau's efforts to develop fisheries for sharks

and other unutilized aquatic animals and to encourage the saving

of the hides for tanning into leather and the extraction of the liver

oil of sharks, etc., 20,175 pounds of the hides of sharks, porpoise,

etc., valued at $3,025, and 720 gallons of shark oil, valued at $540,

were saved in 1918.

10 Grave, Caswell: Investigations for the Promotion of the Oyster Industry of North America. Report
U. S. Commission of Fish and Fisheries, 1903 (1905), p. 247-341, X pi.
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Persons Emoacied, Investment, and PiIoducts op the P'isheuies ok North
Carolina in 1918, by Counties.

Item.
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Persons Engaged, Investment, and'Products op the Fisheries of North
Carolina in 1918, by Counties—Continued.

Item.
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Persons Engaged, Investment, and Products of the Fisheries of North
Carolina in 1918, by Counties—Continued.

Item.
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Persons Engaged, Investment, and Products of the Fisheries of North
Carolina in 1918, by CouNTiES^Continued.

Item.
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Persons Engaged, Investment, and Products ok the Fisheries of North
Oarouna in 1918, BY Counties—Continued.

Item. Halifax.
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Persons Engaged, Investment, and Products of the Fisheries of North
Carolina in 1918. by Counties—Continued.

Item.
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Persons Engaged, Investment, and Products of the Fisheries of North
Carolina in 1918, by Counties—Continued.=^ I

Item.

INVESTMENT—continued.

Boats:
Sail, row, etc
Power

Apparatus, vessel flstieries:

Purse seines
Gill nets
Lines
Otter trawls
Dredges
Tongs

Apparatus, shore fisheries:
Haul seines
Purse seines
GUI nets
Pound nets
Fyke nets
Lines
Otter trawls
Dredges
Tongs and rakes
Eel pots
Other apparatus

Shore and accessory prop-
erty

Cash capital

Pender.

Total.

PRODUCTS.

iTumber.
1S2

3

Value.

6110

210

"36

Alewives:
Fresh..
Salted.

Angel fish.

.

Black bass.
Bluclish...
Bonito.
Bowfln.
Butterfish
Carp
Catfish
Cero and king fish

.

Crappie
Crevalle
Croaker.
Drum, red and black.
Eels
Flounders
Gizzard shad
Grunts
Hickory shad
Menhaden
Mullet:

Fresh
Salted

Perch:
White
Yellow

Pigflsh:

Fresh
Salted

Pike ;;;;;
Piuflsh, or sailor's choice.

.

Pompano
Sea bass
Shad ;;;;;
Sheepshead
Spanish mackerel
Spot:

Fresh .

.

Salted ....'.'.'..

Squeteagues, or "sea
trout '':

Fresh
Salted '.'.'.'.'.'..

Striped bass
Sturgeon
Sturgeon caviar
Suckers
Sunfish '.

"

Pounds.

650

1,000
300

985

'8.36'

20

126

"""36

2,100

Tyrrell. Washingtom.

Number.
It

37

Value.
$237

4,915

164

116
70

6,041

Value.

$51

7,300
6,300

17,200

131, 700
25, 500

800
1,000

203,300
3,000

304
420

2,030

11, 2.50

2,690

Pounds.
762, 350

1, 151, 383

1,680
9, 527
1,005

^^umber.
42
3()

174
125

18,579

Value.
$10, 417
27, 623

Value.
$827

5, 645

3,400

4,676
10, .505

130

Total.

Number.
1,727
1,357

57
13

2
86
22

440
3

14,299
3,779

591

6,350

4,700

821

70
275

11,450
335

23, 800 2, 770

1,750

470

838

Pounds.
918, 100

820,991

25, 188

Value.

$51, 8.59

33,021

2,428
14,347

2,310
650
525

14,642

31,6.50

350

1,975

65,389

170
736

27
550

1,008
1, 585
496

231
52
21

1,757

3,110

12,885

6,450

2,750

1,290

Pounds.
8, 739, 944

5, 743, 876
8,975

551, 125

322, 744
3,015

34, 372
731, 257
1.53, 169

304, .509

211,781
5,340

204
386, 807

99, .546

174, 541

91,121
44,525
15,000

158, 443
179,910,599

812, 679
315,3.50

617,088
223,813

264,272
3, 125

20, 5.52

50, 179

8,685
111,650

1,657,036
26,223
149,440

1,193,270
42, 825

3, 361, 246
80

286, 528
6,916

671
16,464

123,980

Value.
38,055
269,720

1.56, 727
800
.50

100

2, 6.55

100

41,533
1,600

108, 878
355, 439
6,230

333
960

2,648
2,046
1,:J29

1,108

1, 347, 644
159,050

4,222,043

Value.
$23.8,624

162, 595
340

63, 137
29, 677

107
319

24,785
5, 619
9,783

13, 947
568
11

11,912
3,246

13, 333
7,022
1,1.54

1,150
13,388

1, 306, 489

52,734r

38,341

31,150
10, 147

12,675
63

1,898
1,225
994

10, 928
376,696

1,839
14,270

.52, 531

3,768

209,483
10

46,030
974

1,497
680

1,202
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Persons Engaged, Investment, and Products op the Fisheries op North
Carolina in 1918, by Counties—Continued.

Item.
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pounds, valued at $386,224. The principal varieties in the order of
their value were shad, squeteague, mullet, and spot. The take with
tongs, rakes, and hands totaled 707,262 pounds, valued at $72,455,
aiul with the exception of an incidental catch of scallops and terrapin
was made up of oysters and clams. Various species were taken with
scoop, dip, and bow nets, amounting to 364,383 pounds, valued at
$34,046; with hnes, amounting to 386,010 pounds, valued at $23,258;
with fyke nets, amounting to 283,629 pounds, valued at $11,375;
and by stop net§, amounting to 10,840 pounds, valued at $605.
The catch with otter trawls, confined alinost entirely to shrimp,
was 592,580 pounds, valued at $15,149; of scallops and oysters with
dredges, 542,363 pounds, valued at $36,761; of eels Vith pots,

161,046 pounds, valued at $12,309; of soft crabs with drags, 38,660
pounds, valued at $3,725, and of flounders with gigs, 25,000 pounds,
valued at $3,030. The total yield from all forms of apparatus used
in the shore or boat fisheries was 31,429,559 pounds, valued at
$1,623,024. The products of the vessel and shore fisheries are shown
separately by counties in the appended tables.

Yield of yEssEL Fisheries ok North Carolina ix 1918, by Counties, Appara-
tus, AND Species.

Apparatus and species.
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Yield of Vessel Fisheries of North Carolina in 1918, by Counties, Appara-
tus, AND Species—Continued.

Apparatus and species.



FISHERY INDUSTRIES OF THE UNITED STATES. 83

Yield OF Shore Fisheries of North Carolina in 1918, by Aitakatus, Counties,
AND Species—Continued.

BY SEINES-Continued.

Apparatus and
species.
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Yield op Shore Fisheries of North Carolina in 1918, by Apparatus, Counties,
AND Species—Continued.

BY SEINES—Continued.

Apparatus and species.
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Yield of Shokr Fisheries of Nokth ('aroli.va in lOls, uv ArrAu-vrus, CouNTisb,
AMD Species—Continued.

BY GlkL NETS—Continupd.

Species.
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Yield op Shore Fisheries of North Carolina in 191S, by Apparatus, Counties,
AND Species—Continued.
BY GILL NETS-Continucd.

Species.



FISHERY INDUSTRIES OF THE UNITED STATES. 87

Yield OF Shoke FisHEuiES of North Carolina in lf»18, hy Apparatus, Counties,
AND Species—Oonliuued.

BY rOUND NETS—Contiuued.

Species.
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Yield of Shore Fisheries op North Carolina in 1918, by Apparatus, Counties,
AND Species—Continued.

BY FYKE NETS.

Species.
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Yield of Shore Fishekies of North Carolina i\- lOKS, by Aitahatus, Counties,
AND Si'ECiEs—Continued.

>

r>y LINES—Conlinned.

Apparnt.ns and
species.
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Yield op Shore Fisheries of North Carolina in 1918, by Apparatus, Counties,
AND Species—Continued.

BY TONGS, RAKES, AND HAND.

Apparatus and
species.
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Yield of Siiork Flshkhiks of North Carouna in lOIS, hy Apparatus, (.'ounties,

A\u Species—Continued.
' BY SCOOP, DIP, AND BOW NETS.

Apparatus and species.
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Industries of North Cajrolina in 1918.

menhaden industry.

Item. Number.

Establishments..
Cash capital
Persons engaged.
Wages paid

Value.

$905,436
66,800

260,037

Item.

Oil gallons.
Dry scrap tons.
Acidulated scrap .... do. .

.

Number.

1 979, 068
9,488
13,600

Value.

$761,588
674, 850
615,764

WHOLESALE TRADE IN FRESH AND SALTED FISH, OYSTERS, CLAMS, SCALLOPS, AND
CRABS.
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sturgeon, including sturgeon caviar, 117,890 pounds, valued at $22,025;
mullet, fresh and salted, 200,750 pounds, valued at $19,120; and sea

bass, 132,000 pounds, valued at $13,200. Compared with 1902,

there has been a decrease in the take of oysters of 292,010 bushels;

of shad, of 206,(371 pounds; an increase in the catch of sturgeon of

33,275 pounds, but a decrease of 9,535 pounds in tlie production of

caviar; an increase in the catch of mullet of 62,150 pounds; and a

decrease in the catch of sea bass amounting to 577,545 pounds. For
years there has been a small fishery for sharks for food, the catch in

1918 amounting to 20,000 pounds, a decrease of 70,000 pounds as

compared with 1902.

FISHERIES BY COUNTIES.

The following table gives, by counties, the number of persons em-
ployed, investment, and products of the fisheries of South Carolina

in 1918.

Persons Engaged, Investment, and Products of the Fisheries of South
Carolina in 1918, by Counties.

Item.
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Persons Engaged, Investment, and Products of the Fisheries of South
Carolina in 1918, by Counties—Continued.

Beaufort. Colleton.

I'ERSONS ENO.VGEP.

Redflsh or red drum
Sea bass
Shad
Sharks
Sheepshead
Skates
Spot, fresh
Squeteagiie or " sea trout

'

Sturgeon
Sturgeon caviar
Shrimp
Crabs:

Hard
Soft

Clams, hard
Terrapin
Oysters, market:

Public
Private

Number.

1,000
5,000
4, 101

75

1, 562, 085
13;l,000

Total ' 1, 720, 048

Value.

$1,400

600
735
56

Number.
1,000

72, 000
20, 70n

20, OtK)

1,500
2,000
1,200

46, 500
324

Value.
$60

7,200
3, 200

175
150
15

3,640
97

Number. Value

55, 400 6, 220

49, 023

9, 300

IS, 000
300
800

1,275

1, 039, 670
19, 075

400
75

, 200
545

34, 869
3,350

32, 600
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Persons Engaged, Investment, and Products of the Fisheries of South
Carolina in 1918, by Counties—Continued.

Item.
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The products of the vessel and shore or boat fisheries are shown in
the following tables:

Yield of Vessel Fisheries of South Carolina in 1918, by Counties, Apparatus,
AND Species.

Apparatus and species.
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Yield of Shore Fisheries op South Carolina iti 1918, by Apparatus, Counties,
AND Species— Continued.

BY ALL OTHER APPARATUS—Continued.

Apparatus and
species.
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$12,000, employing 592 persons, to whom $60,985 were paid in wages
during the year. Tlie pack amounted to 2,769,168 cans of various
sizes, valued at $338,843.
The following table contains statistics of the canning industry for

South Carolina in 1918:

Oyster-Canning Industry in South Carolina in 1918.

Item.
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FISHEHIKS HY COUNTIES.

The following:; table shows, by countios, the number of persons em-
ployed, nuiiiber and value of vessels, boats and appai'atus used,

amount of eapital invested, and the quantity and value of the prod-
ucts of the fisheries in 1918.

Persons Engaged, Investment, and Products of the Fisheries of Georgia
IN 1918, BY Counties.

Item.
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Persons Engaged, Investment, and Products of the Fisheries op Georgia
IN 1918, BY Counties—Continued.

Item.
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Persons Engaged, Invkstment, and Products op the Fisheries of Georgia
IN 1918, BY Counties—Continued.

Item.
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FISHERIES BY APPARATUS.

The yield of all forms of apparatus in Georgia in 1918 amounted
to 37,153,953 pounds, valued at $416,043. In the value of their

product, otter trawls, employed chiefly in the taking of shrimp,
ranked first, with a catch of 5,838,115 pounds, valued at $175,705.
Exceeding all other forms of apparatus in quantity, but ranking
second in the value of their catch, purse seines took 29,484,600 pounds
of menhaden, valued at $88,453. The yield of the gill-net fishery

am.ounted to 203,332 pounds, valued at $38,705, of which 100,540
pounds, valued at $26,960, were shad. The catch with lines was
505,712 pounds, valuecl at $38,224, the principal species taken by
this apparatus in the order of their value being: Sea bass, red snapper,
tilefish, and groupers. Oysters were taken with tongs to the amount
of 486,444 pounds, or 69,492 bushels, valued at $32,029, and with
grabs to the amount of 468,678 pounds, or 66,954 bushels, valued
at $31,384. The combined take of oysters with these two forms of

gear amounted to 136,446 bushels, valued at $63,413.
Aside from purse seines, lines, and otter trawls used in the vessel

fisheries, the only other forms of apparatus employed were dredges,
tongs, and grabs, all of which were engaged in taking oysters.

The bulk of the catch in the shore fisheries was made with otter

trawls, gill nets, tongs, and grabs, the remainder being taken by
hand and with lines, seines, and cast nets.

The products of the vessel and shore or boat fisheries are shown in

the appended tables.

Yield of Vessel Fisheries of Georgia in 1918, by Counties, Apparatus, and
Species.

Apparatus and species.



FISHERY INDUSTRIES OF THE UNITED STATES. 108

Yield of Shore Fisheiues ok (Jeoroia in 1918, hy Apparatus, Counties, and
Species.

BY GILL NETS.

Species.
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Yield of Shore Fisheries of Georgia in 1918, by Apparatus, Counties, and
Species—Continued.

BY TONGS AND GRABS.

Apparatus and
species.



FISHERY INDUSTRIES OF THE UNITED STATES. 105

FISHERIES OF EAST COAST OF B'LORIDA.

The statistics here presented are for the eastern coast of Florida
and, among the South Athuitic States, were surpassed only by North
Carolina. The number of persons employed was 3,330, of whom 395
were on lishinji; and transporting vessels, 2,104 in the sliore or boat
fisheries, and 831 in the wholesale fishery trade, the menhaden indus-
try, and the oyster and shrimp canning industry. Compared with
1902, there has been an increase in the persons employed of 632.
The investment amounted to S2, 2 10,079, w^hich includes 30 fishing

and transporting vessels, valued at $409,900, with a net tonnage of

814 tons and outfits valued at S75,137; 839 power boats, valued at
$459,650; 607 sail, row, and other boats, valued at $20,180; fishing
apparatus employed on vessels and boats, valued at $235,492; shore
and accessor}^ property to the value of $858,720; and worldng cash
capital amountmg to $151,600. Compared with 1902, the increase in
the investment amounts to $1,855,844.
The products of eastern Florida amounted to 81,211,488 pounds,

valued at $1,746,175, an increase of 61,627,223 pounds, or 314.67
per cent, in the quantity and $1,268,307, or 265.41 per cent, in the
value as compared with 1902.

The 10 leading products arranged in order of value follow: Mul-
let, 10,417,889 pounds, valued at $397,147; shrimp, 8,867,918 pounds,
valued at $266,651; Spanish mackerel, 3,001,965 pounds, valued at
$218,085; menhaden, 48,362,600 pounds, valued at $210,175; cero
and kingfish, 2,271,792 pounds, valued at $147,608; squeteague or
''sea trout," 1,645,223 pounds, valued at $142,091; shad, 963,606
pounds, valued at $135,844; bluefish, 561,301 pounds, valued at
$54,715; red and black drum, 900,091 pounds, valued at $24,638;
and oysters, 458,990 pounds, or 65,570 bushels, valued at $20,128.
Compared with. 1902, the increase in the catch of bluefish amoimts

to 481,801 pounds, or 606.03 per cent; of red and black drum, to

765,206, or 567.30 per cent; of mullet, to 3,076,973 pounds, or 41.91
per cent; of Spanish mackerel, to 2,402,877 pounds, or 364.57 per
cent; of squeteague, to 746,660 pounds, or 83.09 per cent; and of
shrimp, to 5,855,064 pounds, or 194.33 per cent. There has been a
decrease in the catch of shad as compared with 1902, amounting to
855,825 pounds, or 47.04 per cent; and of oysters, of 1,704,493
pounds, or 243,499 bushels, or 78.78 per cent. No cero, kingfish (not
king whiting), or menhaden were included in the returns for 1902.
A comparison of the fisheries of the east and west coast of Florida

in 1918 is given on pages 116, 117.

FISHERIES BY COUNTIES.

The statistics of the number of persons engaged, investment, and
products of the fisheries of the eastern coast of Florida in 1918, by
counties, are given in the table following.



106 FISHERY UsTDtJSTRIES OF THE UNITED STATES.

Persons Engaged, Investment, and Products of the Fisheries of the East
Coast of Florida in 1918, by Counties.

Item.
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Persons Engaoed, Is'vestment, and Pkoducts of the Fisheries op the East
("oast of Flouida in 1918, by Counties—Continued.

Item.

PRODUCTS—con.
Pounds.

11,945

200
1,400

20,500

Sharks
Sheepshead
Snapper:

Manfjrove
Mutton ,

Red ,

Spanish mackerel
Spot
Squeteague o r

"sea trout" ' 591,482
Yellow tailor]
"silver perch"..' '

Crabs, hard
Sea crawfish or

i

spiny lobster
Oysters, market,

i

public
Turtles

8478

075

50,291

Total 5,050,1171 228,353

Broward. Dude.

Pounds.

600
7C0

Value. Pounds. Value.

$5| ioo ki

00 2,700 13

70 7,500 300

Duval.

Pounds
.50,000

14,000

Lake.

Value. Pounds.
?2.wl

840!

.; 870,415 59,80(i
19,200

"i,'266

1,000 80] 8.8,000

450 18

21,408 1,070

"6,"666 ""360

52,000

31,500

1,920

""gti

7,200

1,800

1,800

5,240 551j4, 625, 742 225, 856143, 347, 948 243,483 34,850

Value.

$1,128

Item. Nassau. Palm Beach. Putnam. Seminole.

PERSONS F,XGAGED.

On vessels fishing

In shore fisheries

.

Shoresmen

Number. Value.
52
319
.541

I

i

Number. Value. Number.
\
Value.

551
42

Number. Value.

Total. 912. 593.

INVESTMENT.

Vessels fishing: Gasoline 2i $30, 000
Tonnage 5ti

Outfit ! 8,147
Boats: '

Sail, row, etc I 43 2,380
Power 132 154,700

Apparatus, vessel fisheries:

Purse .seines
|

4' 8,000
Apparatus, shore fisheries:

Purse seines
Haul seines
Gillnets l(i| 1,050
Lines
Ottertrawls 2oO| 10,250
Tongs

Shore and accessory propertv ' 500
Cashcapital '• 41,000

55
229

$3,505
130,500

88 $2,200
18i 5,450

2
23

181

3,000.
18,900!
25,975
1,570.

3,200
4,000

49, 81,225
12' 2,450

28 1,575

92,095.
18,100.

3.900 3,IJIW

Total. 2»i2,027i '293,652
!

18,7.50l 8,250

pRoi^rcTs.
Pounds. Value. \

Pounds.
Alewive?
Araberfi>h
Angelfish I...

Barracuda j...

Blaik drum
Bluefiih |...

Blue nmner or hardtail :- .

.

Bonito !. -

.

Catfish '...

Ceroand kingfish '...

Crevalle j. .

.

Croaker
Flounders '...

Groupers
Grunts
Hogf.sh
Jewfiih k '

Kingwhiiiiii,' 100,000; 82,00U
Lad \'fish

I.eathfT jacKei or "turbot"
Menhaaen 5,660,000| 28,300
Moonfi-sh.

i
!

11,336
1,170
2,515
23,950

362,339
47,600
7,841
1,600

1,298,161
61,910
34,388

430
32,605
18,460

100
7,117

13, 211
1,280

170
57,000
7,230

Value.
I
Pounds. Value. Pounds.
3;J4,520' $5,0181

Value.

$370'

37
76

503
36,5:32

1,447
236
32

79,430'

2,021
1,031

17

1,084
595

5

222
530
13

5

570
218.
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Persons Engaged, Investment, and Products of the Fisheries of the East
Coast of Florida in 1918, by Counties—Continued.

Item.
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Persons Engaged, Investment, and Products ok the Fisheries op the East
Coast of Florida in 1918, by Counties—Continued.

Item.
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valued at $332,812. Other leading forms of apparatus, in the order
of their importance, based on the value of their catch, were: Otter
trawls with 8,967,918 pounds, principally shrimp, valued at $208,651

;

haul seines with 5,699,060 pounds, valued at $254,635; and lines

with 2,914,917 pounds, valued at $192,880.
The total yield of all forms of apparatus employed in the fisheries

of the east coast of Florida amounted to 81,211,488 pounds, valued
at $1,746,175, of which 63.04 per cent of the quantity and 18.63 per
cent of the value are credited to purse seines operated in the vessel

fisheries, the remainder being credited to the various forms of appa-
ratus employed in the shore fisheries.

The products of the vessel and shore fisheries of the east coast of

Florida in 1918 are shown in the following tables, by counties, appa-
ratus, and species:

Yield of Vessel Fisheries of East Coast of Florida in 1918, by Purse Seines,
Counties, and SrECiEs.

Species.
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Yield of Shore Fisheries of the East Coast of Florida in 1918, by Aitara-
Tus, Counties, and Species— ("0111111110(1.

BV SEINES-Continued.

Species.
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Yield of Shore Fisheries op the East Coast of Florida in 1918, by Appara-
tus, Counties, and Species—Continued.

BY GILL NETS.

Species.
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Yield of Shuue Fisheries of the East Coast of Florida in 1918, by Appara-
tus, Counties, and Species—Contiuued.

BY LINES.

Species.



114 FISHERY INDUSTRIES OF. THE UNITED STATES.

Yield of Shore Fisheries op the East l'oast of Florida in 1918, by Appara-
tus, Counties, and Species—Continued.

BY OTTER TRAWLS, CAST NETS, DIP NETS, TRAPS, AND SPEARS.

Apparatus and
species.
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tons, valued at $296,174; and crude or green scrap, 5,000 tons, valued
at $185,000.

W/tolesale trade.—There were 50 firms engaged in tlie wholesale
trade in fishery products, valued at $534,644. These used $101,600
in cash capital and gave employment to 416 persons, to whom
$189,421 were paid in wages.

Canning industry.—In 1918 there were 3 canneries, valued at

$92,023, using cash capital to the amount of $15,000 and employing
275 persons, to whom $34,306 were paid in wages. The products pre-

pared consisted of canned oysters to the value of $17,210, and canned
shrimp to the value of $118,660.
The following tables contain detailed statistics of these industries

in 1918:

Industries on the East Coast of Florida, 1918.

MENHADEN INDUSTRY.

Itehi.

Establisliinents..
Cash capital
Persons engaged.
Wages paid

Number.

4

'177'

Value.

$tl3,098
40, 000

103, 256

Item.

PRonucTs.

Oil gallons.

.

Dry scrap tons.

.

Acidulated scrap do
Crude or green scrap . . .do

Number. Value,

1 125, 478
444

6,886
15,000

$48, 189
37,296
296,174
185,000

OYSTER AND SHRIMP CANNING INDUSTRY.

Establishments.

.

Cash capital
Persons engaged

.

Wages paid

PRODUCTS.

Oysters, canned:
4-ouiicc cans eases.

.

5-ouncecans do
8-ounce cans do

Total

2,-MO
= 1, 434
'1,200

$92,023
15,000

34,306

2,700
8,030
6,480

17, 210

PRODUCTS—continued

.

Shrimp, canned:
No. 1 cans eases.
No. l|cans do...

Total.

2 15,317
8 8, 503

875,920
12,740,

118,(i60

1 Includes one factory in Georgia. 2 Four dozen cans per case. 2 Two dozen cans p*r case.

SUMMARY OF THE FISHERIES OF FLORIDA IN 1918.

In the following table the fisheries of both coasts of Florida are
combined for purposes of comparison and study of the State as a
whole with other States of the region. In 1918 the fisheries of the
State gave employment to 8,491 persons, the total investment
amounted to $4,614,924, and the products amounted to 135,965,127
pounds, valued at $5,166,538. Of the South Atlantic and Gulf
States, Florida ranfc;s first in the number of persons engaged, invest-

ment, and quantity and value of products, and North Carolina sec-

ond. Louisiana ranks third, excepting in quantity of products,
Georgia and Texas having larger quantities accredited to them.
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Fisheries of Florida in 1918.

Item.
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Fisheries f;F I-'lduida im H)L- -; uitimird.
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Item.
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and in 1920 to 409,746 pounds, valued at $678,209. A considerable

quantity is also sold at Key West.

MILLIONS OFPCUNOS
lO to 30 40 SO 60 70 80 90 100 110 120 130 140

FLORIDA
(WEST coast;

STATES
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Following are statistics of the quantity in pounds based on the

above conversion fio;ures of the difl'erent kinds of sponges sold at the

exchange at Tarpon Springs in 1919 and 1920:

Sponoes Sold at thk Exchange, Tarpon Springs, Fla., 1919 and 1920.

Kind.
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Extent of Fisheries of the Gulf States, Various Years, 1880 to 1918—Contd.

Item.
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1887. The Fisheries of ^rassachusetts. By A. iroAvaicl (Mark. Ibi'l., Sec. II. It.

III, p. n.{-2S0.

The Fisheries of Rhode Mand. T.v .\. IToward Chirk. Jlnd., See. II, Ft.

IV, p. 28] -310.

The Coast of ('onneetieut and Its Fisheries. Bv A. Howard Clark. Ibid.,

See. V, p. 311-310.

History and Methods of the Fisheries. Ibid., See. V, Vol. I (xi+SOS p.\
Vol." II (xx-l-SSl p.), and atlas of 275 pis.

1SS9. The Sea Fisheries of Eastern North America. By Spencer F. Baird. Appen-
dix A, Report, U. S. Commission of Fish and Fisheries, 1886 (1880), 224 p.

1891- Notes on the Oyster Fishery of Connecticut. By J. W. (!olIins. Bulletin,
IT. S. Fish Commission, Vol. IX, 1889 0891), p. 461-497, PL CLIX-CLXVI.

1892. III. Fisheries of the Ne^v >:ii,<>land States [1887 and 1888]. In Statistical

Review of the Coast F'isheries of the United States, prepared under the
direction of J. W. Collins. Report, U. S. Commission of Fish and Fisheries,

. 1888(1892), p. 286-322.

Re])ort on the Fisheries of the New England S^tates. By .1. W. Collins and
Hu^'h M. Smith. Bulletin, U. S. Fish Commission, Vol. X, 1890 (1892),

p. 73-176.

1898. The Herrino; Industry of the Passamaquoddy Region, Maine. By Ansley
Hall. Report, U. S. Commission of Fish and Fisheries, 1896 (1898), p.
443-487.

1899. The Shad Fisheries of the Atlantic Coast of the United States. By Charles
H. Stevenson. Report, U. S. Commission of Fish and Fisheries, 1898 (1899),

p. 101-269.

1901. The Lob.'^ter Fishery of Maine. Bv John X. Cobb. Bulletin, U. S. Fish
Commission, Vol. XIX, 1899 0901), ]>. 241-265, illus., pi. 28-32.

Statistics of the Fisheries of the New England States. Report, U. S. Com-
mission of Fish and Fisheries, 1900 (1901

1, p. 311-386.

1905. Statistics oi the Fisheries of the New England States, 1902. Report, U. S.

Bureau of Fisheries, 1904 (1905), p. 245-325.
1908. Statistics of the Fisheries of the New England States for 1905. Report and

Special Papers, U. S. Bureau of Fisheries, 1906 (1908), 93 p.
1911. Fisheries of the United States, 1908. Special Reports, Bureau of the Census,

1911.

CO.MMOX AND SCIEXTIFIO NAMES OF FISHES.

Following is a list of the common and Svcientific names of the
fishes of New England States to which reference is made in the
present report. If the trade will adopt the common names employed
herein, it is believed that much of the confusion now encountered
will be avoided and that in this way the consumer may be educated
to the relative merits of individual species.

., .. ^_ ' [Pomolohus n'stivalis.
' GAMv es , [Poinolobus pseudoharengics.

IJluefish : Pomatomv^ saltatrix.

Bonito Sarda sarda.

Bullhead AmeiuriLS mbulosus.
Butterfish Poronotus triacanthus.

Carp Cyprinus carpio.

Cod Gadus mllarias.
.

Cunner Tautofjolabrus adspersiis.

Cusk Brosrnius brosme.

P , (Anrjuilla rostrata.

{Leptocepkalus conger.

Flounders Pleuronectidse (species).

Gray fish S'{ualus acnnthias.

Haddock Melanogrammv^ asglinnus.

TV, 1
/Urophycis tenuis.

"^•^^ \Urophycia chu.s.

Halibut Hippoglossus hippoglossus.

Herring ('lupea harengvs.

Hickory shad Pomolobus medlocris.

King whitiniT Menticirrhus saxalilis.
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Launce 4 mmodytes americamis.
Mackerel Scomber scombrus.
Menhaden Brevoortia iyrannus.
jMonkfish Lophius piscatorius.

Llinnows Various species small fishes.

Perch, Avhite Morone americana.

Perch, yellow Perca flavescens.

Pickerel Esox reticulolus.

Pollock Pollach ins virens.
j

Poinpano Trachinotus (species).

Rosefish Sebastes marinus.

Round herring Etrumeus teres.

Salmon, Atlantic Salrno salar.

Salmon, humpback Onrorhjnchus gorhuscha.

Sculpins : Cottidae (species).

Scup Stenotomus chrysops.

Sea bass Centropristes striatus.

tj
, . (Prionotus carolinus.

bea roDin
{PrionofAis strigatus.

Shad Alosa sapidissima.

Sharks All Selachii except Batoidei.

Skates and rays Batoidei (species).

Smelt *.
. .Osmeriis viordax.

Squeteague Cynoscion regalis.

Striped bass Roccus lineatus.

Sturgeon Acipenscr sturio.

Suckers Catostomidse (species).

Sunfish Centrarchidfe (species).

Swordfish Xiphias gladius.

Tautog Tautoga onitis.

Tilefish Lopholatilus chamaci,eonticeps.

Tomcod Microgadus tomcod.

Tuna Thunmis ihynnus.

Whiting Merluccius bilinearis.

Wolffish Anarhichas lupus.

GENERAL STATISTICS.

The fisheries of the New England vStates in 1919 gave employ-
mentto 30,767 persons, of whom 6,346 were on vessels fishing,

533 on vessels transporting fishery products, 10,968 in the shore or

boat fisheries, and 12,920 shoresmen in the wholesale fishery trade,

canneries, smokehouses, o^^sterhouses, and other shore industries

connected with the fisheries. The number of persons engaged in

the fisheries of the different States follows: Maine, 14,386; Massa-
chusetts, 12,346; Connecticut, 2,289; Khode Island, 1,646; and New
Hampshire, 100. Compared with the returns for 1905, the year for

which the last canvass was made by the Bureau, there has been a

decrease in the number of persons emplo5^ed in all of the States of

6,572 persons, or 17.60 per cent. The decrease by States follows:

Massachusetts, 3,348 persons, or 21.33 per cent; Maine, 1,495 per-

sons, or 9.41 per cent; Connecticut, 1,118 persons, or 32.81 per ceiit;

Khode Island, 566 persons, or 25.59 per cent; and New Hampshire,
45 persons, or 31.03 per cent.

The total amount of capital invested in the fisheries and fishery

mdustries of these States in 1919 was .$40,597,097. There has been
an increase of $18,066,377, or 80.18 per cent, in money uivested in

the fisheries and fishery mdustries of the region since 1905. In

Mame the investment amounted to $17,544,969, an increase of

$8,572,920, or 95.55 per cent, as compared with 1905. In Massa-

chusetts the investment was $19,111,269, an increase of $8,300,827,
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or 76.79 per cent, compared with 1905. In Rhode Island the in-

vestment amounted to S2 ,249,536, an increase of $1,184,110, or
111.14 per cent. In Coimecticut the investment was $1,645,793, an
increase of SI 0,040, or 0.61 per cent, as compared with 1905; and in

New Hampshire the investment in 1919 was $45,530, a decrease of

$1,520, or 3.23 per cent, as compared with 1905. The investment
included 757 fishing vessels, valued at $8,501,081, having a net
tonnage of 24,099 tons and outfits valued at $2,400,500; 221 trans-

porting vessels, valued at $741,005, having a net tonnage of 3,214
tons and outfits valued at $185,425; 10,364"boats, valued at $2,280,-

713; fishing apparatus used by vessels and boats, valued at $2,888,-

332; shore and accessory property to the value of $20,354,089; and
cash or working capital to the amount of $3,245,952. The principal

forms of fishing apparatus arranged in order of value are pound nets,

trap nets, and weirs, 1,119 in number, valued at $1,087,997; lobster

pots, 239,558, valued at $612,207; seines, 441, valued at $415,507;
gill nets, 14,616, valued at $324,246; and lines valued at $287,579.
The use of the otter trawl introduced in the vessel and shore

fisheries for the capture of ground fish probably represents the most
important change in apparatus since 1905. In 1905 none v/ere

reported in operation, while in 1919 there were 492, valued at $37,987.
The combined catch of all the New England States amounted to

467,339,870 pounds, valued at $19,838,657. Of this amount the

largest quantity, amounting to 246,951,241 pounds, valued at

$10,859,746, is credited to Massachusetts. Maine ranks second, with
a catch of 147,956,369 pounds, valued at $3,889,035; Rhode Island
third, with a catch of 48,250,883 pounds, valued at $3,296,578;
Connecticut fourth, w^ith 23,652,647 pounds, valued at $1,700,638;
and New Hampshire fifth, with 528,730 pounds, valued at $92,660.
The more important species taken in these States were: Cod,

84,917,535 pounds, valued at $3,597,891; ovsters, 19,337,374 pounds,
or 2,762,482 bushels, valued at $2,617,020; lobsters, 10,666,706
pounds, valued at $2,550,980; haddock, 89,405,609 pounds, valued
at $2,-544,617; and mackerel, 15,785,012 pounds, valued at $1,562,088.
Compared with the Bureau's returns for 1905 there has been a

decrease in the products of the fisheries of 12,943,734 pounds, or 2.70
per cent, in the quantity, and an increase of $5,654,452, or 39.87 per
cent, in the value. Compared with the returns of the Bureau of

the Census for 1908 there has been a decrease in the products of

62,689,130 pounds, or 11.83 per cent, in the quantity and an increase
of $4,699,657, or 31.04 per cent, in the value. Compared with 1905
there was an increase in the quantity of products in Maine amounting
to 23,232,583 pounds, or 18.62 per cent; in Rhode Island, of 24,354,040
pounds, or 101.92 per cent;but decreases in Connecticut of 51,320,001
pounds, or 68.45 per cent; in Massachusetts, of 8,703,234 pounds,
or 3.40 per cent, and in New Hampshire of 507,722 pounds, or 48.99
per cent. In 1919 there was an increase in the value of the products in

all of the States except Connecticut, as compared w^ith 1905, as
follows: Massachusetts, $3,834,497, or 54.56 per cent; Rhode Island,

$1,749,920, or 113.14 per cent; Maine, $1,502,629, or 62.96 per cent;
and New Hampshire, $40,716, or 78.38 per cent. In Connecticut the
decrease in value amounted to $1,473,310, or 46.42 per cent.

The following table gives the catch of certain species for various
years from 1889 to 1919. These have been subdivided into groups
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along the following general lines : (a) Species for which there have been
relatively intensive fisiieries and which on the basis of the returns
reveal little indication of depletion of supply: (b) species showing
signs of a depleted supply; and (c) species for which there has been
an increasing demand and a sufficient supply to satisfy that demand.

Products, ix Pounds, of Certaix Fisheries of the Xew England States,
Various Years, 1S89 to 1919.

Year.

97, 145, 645
89, 207, 975
88, 254, 949
75, 065, 224
95, 284, 000

1919
i

84, 917, 535

18S9.
1898.
1902.
1905.
1908.

Cod. Hake. Mackerel.

14, 816, 306
37, 184, 193
33, 182, 559
35, 470, 667
34, 121, 300
20, 222, 267

8, 361, 408

8, 795, 084
20, 358, 982
15, 981, 034
11, 492, 000
15, 785, 012

Swordfisli.
Clams,
hard.

1,230,339
1,617,331
1, 689, 740
3, 296, 369
2, 703, 000
1, 325, 980

544, 200
994, 232

1, 223, 200
1, 56S, 264
1,381,000
1, 0S2, 152

Year.
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Fisheries of tiik Nkw England States. 1919—Continued.

Item.

INVESTMENT—continued

.

Vessols transporting:
Steam

Tonnage
Outfit

Casoline
Tonnage
Outfit.

Sail

Tonnage
Outfit

Boat.s:
Sail, row, etc
Power

Apparatus, vessel fisheries:

Seines
iijllnets

Otter trawls
Linos, hand and trawl
Harpoons
Lobster pots
Dredges
Tongs and rakes
Whaling apparatus

Apparatus, shore fisheries:

Seines
(iillnets

Pound nets, trap nets, and
weirs

Fyke nets
Bag nets and pocket nets...

Bow nets
Dip nets and scoop nets—
Otlertrawls
Lines, hand and trawl
Harpoons
^prars
Cuii ner traps
Kcl pots and traps
Lobster pots
Crabs traps
Dredges
Tongs and grabs
Hakes
Forks and hoes
Cockle traps

Shore and accessory property. -

Cash capital

Total

Maine.

Number.

16.5

1,762

2
121

Valve.

$9,000

2,800
510.040

103, MS
16,715

2, 759

3,090

84

1,253
13

i,oa5
4

6, 375

8:j, 6.^9

902, 080

93, 270
29,689
2,520

34, 747

2, 2:;0

2, 195

400

New Hampshire.

Number. Value.

$6, 300

"3,666'

S02

10, 675

Massachusetts.

Number.

22
460

3
132

1,308
1,732

100

5,430
119

8108, 950

16,680
13,800

103

2,786

690
146
95

41,055
71,214

514,665
3, 685

8,675

102
39

42
80

599
153, 5:52

180
24

1,103

PROorCTS.

Alewives:
Fresh
Palled
Smoked

BUiefish
Bonito
Butterfish
Cod:

Fresh
Salted

Cunner
Cusk:

Fresh
Salted

Eels
Flounders
Crayfish
G oosefish or monkfish ,

Haddock:
i

Fresh !
11,124,411

Sahed
|

73,400

Hake: i

Fresh lf>, 108, 575

Pound,i.
580,811

6, 860
352, 293

39
44

32, 763

13, 095, 145
983, 244

30, 695

1,046,147

305, 0.50

469, 594

1,

382!

776
6:55

410
215
57
MO
198

2.58

330
.500

1,167

11, 864, .571

1, 029, 707

430
224

3

67
3,688

254
53

13

104

191

.58, 488

891, 195

193, S50

107, 685

17, 8.50

133, 05K

0, 655
1,0.50

2, 516
49

29, 000

46, 045

77, 323

387, 470
1,585

IS

,275

36
6,735

72
4

1,826
43, 012

2,764
235
784
475
680

,
36
371

9, 510
51,412

.540

171

6
4,455

109, 359

11,5.58

5,500

17,544,969

Value.
$7, 455

176
19, 606

7
4

3,031

479, 827

62, 312
615

33, 580

25, 249
22, 227

Pounds. I Value.

16, 521

1,355
5,656

887
500

7, 000, 239
1,902,945

19,111,269

98,3.54 ' $.3,609

2,400

2,000
8,000

240
240

Salted

.

Halibut:
Fresh . .

.

Salted .

.

Hervhig:
Fresh . .

.

Salted .

.

Smoked.

.5,060

217,476
1,000

86,646,126
6,200

161,550
1

332, 215

2, 812

329, 227
256

31, S'll

80

4.55, 604
187

6,715

t

IS, 764
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Fisheries op the New England States, 1919—Continued.

Item.
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FlSHKRIES OK THE NeW ENGLA>fD StATKS, liJlf)

—

("olltilUlcd.

PERSONS ENGAGED

On vessels fishing
On vessels transporting
In shore fisheries

Shoresmen

Total

Vessels, fishing:

Steam
Tonnage
Outfit...

Gasoline. . ..

Tonnage
Outfit

Sail

Tonna:
Outfit _

Vessels transporting:
Steam

Tonnage
Outfit

Gasoline. . ..

Tonnage
Outfit

Sail

Tonnage
Outfit...

Barge
Tonnage
Outfit...

Boals:
Sail, row, etc
Power

Apparatus, vessel fisheries:
Seines
Gill nets
Pound nets
Otter trawls
Lines, hand and trawl
Harpoons
Lobster pots
Dredges
Tongs and rakes ,

Whaling apparatus
Apparatus, shore fishcrie;

.Seiner

Gill nets
Pound nets, trap nets, and

weirs. .

.

Fyke nets
Bag nets and pocket nets
Bow nets
Dip nets and scoop nets
Otter trawls
Lines, hand and trawl
Harpoons
Spears
Cimner traps
Eel pots and traps
Lobster pots
Crab traps
Dredges
Tongs and grabs
Rakes
Forks and hoes
Shovels
Cockle traps
Winkle pots

Shore and ac<'essory property
Cash capital

Total
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Fisheries of the New England States, 1919—Continued.

Item.
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Fisheries of thk New Kngiand States, 1919—(Continued.

Item.



130 FISHEEY IT^DUSTEIES OF THE UNITED STATES.

Certain of the Foregoing Shellfish Products in Bushels and Number-
Continued.

Products.
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Extent OF Fisheries ov New England States, Vakious Years, 1880 to 191?

—

Continued.

Item.
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FISHERIES OF MAINE.

Maine ranks first among the New England States in the number
of persons engaged in the fisheries and related industries, but is

surpassed by Massachusetts in the amount of capital invested and
the quantity and value of fishery products. In 1919 the number of

persons engaged in the various branches of the fishery industry in

Maine was 14,386, of whom 1,004 were on vessels fishing, 339 on
vessels transporting fishery products, 5,332 in the shore or boat
fisheries, and 7,711 in the wholesale fishery trade, canning sardines,

and other fishery industries.

The amount of capital invested amounted to $17,544,969, which
includes 351 fishing and transporting vessels, valued at $2,105,905

with a net tonnage of 5,004 tons and outfits valued at $300,036

5,849 power, sail, row, and other small boats, valued at $985,719

fishing apparatus to the value of $1,259,031, of which gear to the

value of $165,051 v/as employed in the vessel fisheries and gear to

the value of $1,093,980 on boats; shore and accessory property to

the value of $11,864,571; and cash or working capital to the amount
of $1,029,707.

The products of the fisheries amounted to 147,956,369 pounds,

valued at $3,889,035. This represents 31.65 per cent of the total

quantity and 19.60 per cent of the total value of the products of the

fisheries of the New England States in 1919. Compared with 1905

there was an increase of 18.62 per cent in quantity and 62.96 per

cent in value to the fishermen. Compared with 1908 there was a

decrease of 14.89 per cent in the quantity and an increase in the

value of 19.40 per cent. Among the products of special importance

were the following: Lobsters, 5,545,884 pounds, valued at $1,411,548;

€od, fresh and salted, 14,078,389 pounds, valued at $542,139; herring,

fresh, salted, and smoked, 86,813,876 pounds, valued at $462,506;

haddock, fresh and salted, 11,197,811 pounds, valued at $335,027;

and hake, fresh and salted, 16,113,635 pounds, valued at $329,483.

FISHERIES BY COUNTIES.

Statistics as to number of persons employed, investment, and
products of the fisheries of Maine in 1919 are given by counties in

the following table

:

Persons Engaged, Investment, and Products of the Fisheries of Maine in

1919, BY Counties.

Item.
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Persons Encaged, Investment, and Products of the Fisheries of Maim: in

1919, BY Counties—Continued.

Item.
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Persons Engaged, Investment, and Products of the Fisheries of Maine, in
1919, BY Counties—Continued.

Item.
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Persons Engaged, Investment, and Puoducts op the Fisheries of Maixk in

11)19, BY Counties—Continuod.

Item.
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Persons Engaged, Investment, and Products of the Fisheries of Maine in
1919, BY Counties—Continued.

Item.

INVE.STMENT—Continued

.

Vessels transportiiii,-:

Steam
Tonnage
Outfit/.

Gasoline
Tonnage
Outfit

Sail
Tonnajre
Outfit-. -

Boats:
Power
Sail, row, etc

Apparatus, vessel fisheries:

Otter trawls
Lines
Seines
Gill nets
Harpoons
Lobster pot j

Dredgas
Apparatus, shore fisUcrie.;:

Pound nets, trap net.;,

weirs
Lines, hand and trawl
Gill nets
Seines
Bag uet5 and pociiec nets.

.

Fyke nets
Dip nets
l^obster pot.>

Eel pots and traps
Otter trawls
Cral> traps
Conner traps
Spears
Harpoons
Hoes and forks
Dredges

Shore and accessory propert,. ..

Cash capital

Washington.

Value.
SO, 000

95

1,104

2,S()0

306,410

63, 15r>

1,71.5

613
5tj7

Total.

PEor<ucrs
Alewives:

Fresh.
Salted
Smoked

Bluefish
Bonito
l^utterfish
Catfish and wolflisli .

.

Cod:
Fresh
Salted

Gunner
Cusk
Kels
Flounders
Haddock:

Fresh
Salted

Ifake:
Fresh
Salted

Halibut:
Fresh
Salted

Herring:
Fresh
Salted
Smoked

Mackerel:
Fresh
Salted

Pollock:
Fresh
Salted

5^
38, i;S5

63

3'.W

Pounds.
147,650

1,204,742
16,925

15, 049

18, 300
2,740

142, US'

140, 27S
4,3a'

53, 345

39, 893, 181

6, 200
12,5.50

r.3S,680

25,100

175

139,946
16, 550

745
9,4.50

York. Total.

Number. Value. Number.

141

42

158, 275
4,245
1,573
4,700
3,400

295
126,630

194

6,646,220
222, 700

7, 763, 330

Value.
.<2. 32.

3Ci,935

1,445

353

2, 125

251

5, 522

185,004
187
815

12,657
2,095

14

7, 601

n-

Pounds.

1,.515, 730
6,360

218, 285
12,000
86,911

1 , 036, 774

20, S30

252, 880
2,000

$38, 875

1,575

330
6,450

,949
500

2, 004
4.840
3', 825

420
2L218

12

100
16

15,585
2,000

Value.

68,913
42^

7,002
1,680
3, 377

34,958

3,600

5,280

7,784
100

Value.
2 $9,000
2Sv

! 2, 800
165, 510,040

1,762'

i
103, W8.
16, 715

121

6,375

902, 080
83,639

3,090
2,759

84

1,253

1,085
4

690

2,786
103
95

146
102

1.53,532
599

39

ISO

80
42

1,103
24

2, .520

34, 747
93,270
20,689
2, 230
2, 19.5

400

514,665
61,410
71,214
44,055
8,075
3,685

776
382, 258

1,198
1,635
330
140
57
215

1,167
2,500

11,804,571
1,029,707

17,544,969

Pounds.
580, 811

6,860
352, 293

39
441

32, 7(.3

83,9581

I

13,095,145
983, 2-14

30,695
1,046,147

305, 050
469, 594

11.124,411
73, 400

10,108,575
5,069

217,476
1,000

80,146,126
6, 2^:0

161,550

593, 506

8,001

5, ,597, 163

34,800

Value.
S7,455

176

19, 006
7
4

3,031
2,061

479,827
62,312

615
3.3, 58J
2^,249
22, 227

3.32. 215

2, 812

329,227
256

31,841
80

4.55,604

187
6,715

81,428
650

113.487
2,440
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Persons Encjaokd, Lwkstment, and Products of the Fisheries op Maine ix

1919, BY CouNTiKH—Continued.

It?m.

PROD LTTs—con I in ihhI .

Rosertsl;

Salmon:
Atlantic
]Iumpl)uf'k.

ShaU
Sharks
Skate=!

Smelt
Striped bass
Sturgeon
Sturgeon roe
Suckers
Sword fish

Taiitoir

Tomcod

Whitini;:
l->c>li

Salted
Squid
Lol>sters
Crals.hanl
Cianis.soft
Scallops
Mussels
Tonnues and cheeks.
Sounds
Spawn
Livers
Oil, liver

Washington.

1,280
310

•1,U00

3i<,3()0

0.825

3,33"

849,306

Total..

051,910

200
2l('

20
17,02.'!

3, 7o(.

•!3.91't,!0d

Value.

$321
62
30O

S, 220

200,425

'

43 .'365

520,561

York.

Pminds.
905

44(>

8,000

493,000

12,500

5, 000

7,S47
12, 075
4,875

Value.
$14

1,575

24,379

128,760

2,770

160

386
180
520

312,592

Total.

Pounds.
17,322

20,610
310

414,455
39, 747
2,38.5

523,96"
592

« 8,129
1431

110,400!

424,^131
14

147, 160

31,909

681,9701
3,(K)0

377
5,545,884

1 70, 575
2 2,105,734!

3 72,612

U6.970i
5,200'

5, 2121

IS, 8571

112, .587;

& 8. 025

1

Value.
$245

7,926
62

28, 393
884

47
94,496

113
1,714
297

11,8.52

104,734
2

4.511
2.040

4,727
90
4

1,411,518
3,595

163,209
31,416

.307

190
96
778

1,712
895

147,056.3',? 3.889,03'.

1 211,725 i;i numour.
- 210.573 bushels.

" 12,085 bushels.
< l,697bushels.

' 1,150 L'nUoi:.;.

FISHERIE.S BY APPARATUS.

In the fisheries of Maine in 1919 pots ranked above all other forms
of apparatus in the value of tlieir catch, witli 5,793,784 pounds of

lobsters, valued at $1,432,004, and 247,950 pounds of eels, valued at

§20,480. Lines ranked second with 32,992,588 pounds, valued at

S978,134, the principal species taken A\'ith lines arranged in the order
of their value being: Cod, 7,432,231 pounds, valued at S397,322;
hake, 15,230,183 pounds, valued at $309,878: and haddock, 3,857.610
pounds, valued at $129,678. The yield of the pound net, trap net,

and weir fishery amounted to 76,231,256 pounds, valued at $452,146,
of which 74,043.982 pounds, valued at $362,339, were herring. Otter
trawls taking most!}' haddock, cod, and flounders, yielded 9,316,245
pounds, valued at $296,356. \'arious species were taken in seines
to the amount of 15,626,164 pounds, valued at $220,530, and in gill

nets to the amount of 4,283,308 pounds, valued at $156,546. The
catch with hoes and forks, consisting principally of soft clams,
amounted to 2,122,704 pounds, valued at $163,576; and that with
harpoons, consisting mostly of swordfish, amounted to 452,633
pounds, valued at $106,499. The combined catch of all forms of

fishing apparatus employed in both the shore and vessel fisheries

amounted to 147,956,369 pounds, valued at $3,889,035.
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The following tables show by counties, apparatus, and species the
products of the vessel and shore fisheries of Maine in 1919:

Yield op Vessel Fisheries of M».ine in 1919, by Counties, Apparatus, and
Species.

Apparatus and species.
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YiEi.n OF Vesskl Fishf.iurs of Maink in 1919. nv Counties, Apparatus, and
Species—Continued.
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YisLD OF Vessel FisHEraEs of Maine in 1919, by Countihs, Apparatus, and
Species—Continued.

Apparatus and species.
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Yield of Shokk Fishkiuks of Mai.ve i\ 1919, by ( ou.vties, Appar.vtu.s a.\d
Species—Continued.

Apparatus and
species.
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Yield op Shore Fisheries of Maine in 1919, by Counties, Apparatus, and
Species—Continued.

Apparatus and species.
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Yield of Shork Fisheuiks of Maine in 1919, by Counties, Appakatus. and
Species—Continued.

Apparatus and species.
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Yield of Shore Fisheries of Maine in 1919, by Counties. Apparatus, and
Species—Continued.

Anparatr.s and species.
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Yield op Shori3 Fisheries ok Maimr im 1919, by Counties, Apparatus, and
Species—Continued.

Apparatus and species.
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Extent, by Localities, op the Salmon Fishery of Penobscot Ria'^er and Bay
IN 1918, 1919, AND 1920—Continued.

Town.
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HUMPBACK SALMOX.

147

/

In rocont years humpback or pink salmon from fhc^ Pacific coast

have boon planted by tlio Bureau in the Dennys, l^cm])roko, St.

Croix, Penobscot, and other rivers in Maine, beo;innin£:; with the year
1906, and runs of adult fish have appeared durino; a num})er of years.

The fish occurred in greatest abunoance in the early autumn of 1919,

wlien there were large runs in Dennys and Pembroke Rivers, and
smaller runs in various other rivers. In July, 1919, a weir fisherm.an

of Peny caught 17 humpback salmon in Little River and sold about
12 fish at SI each. They avorasred from 4 to 6 pounds in weight.
The total catch marketed in 19i9 was 310 pounds, valued at $62.

Many were taken and released and probably a considerable number
were consumed locally. There seems to be no doubt that this species,

if properly protected, can maintain itself in certain New England
rivers and become a valuable addition to the local fish supply.

INDUSTRIES.

Wliolesale fishery trade.—In 1919, including one plant engaged
solely in the production of liver oil. 99 firms engaged in the wholesale
trade in fresh and salted fishery products, valued at $1,722,094. using
cash capital to the amount of $274,550 and giving employment to
872 persons, to whom .$616,858 were paid in wages. As the prepara-
tion of by-products is for the most part conducted incidentally to
activities in the wholesale trade, the canning and smoked fish indus-
tries, the prepared products have been listed under the respective
industries. The following table gives the extent of the wholesale
trade in fresh and salted fishery products of Maine in 1919:

Wholesale Trade in Fresh and Salted Fishery Products, by Counties.

Item.
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The prepared products amounted to 4,415,582 pounds, valued at
$626,835. The most important items were: Boneless smoked her-
ring, 1,729,219 pounds, valued at $256,740; whole smoked herring,

1,141,278 pounds, valued at $102,334; and finnan haddie, 785,333
pounds, valued at $95,480. The value of the secondary products
was $73,687, which included 730 tons of fish scrap, valued at $38,500;
1,271,424 poimds of pomace, valued at $16,411; and 28,044 gallons
of herring oil and liver oil, valued at $18,664.

Smoked-Fish Industry of Maine in 1919.

Item.

Plants
Cost of materials.
Cash capital
Persons engaged.
Wages paid

PRODUCTS.

Utilized:
Alewives pounds.

.

Cod,salted, dried. do
Haddock do
Herring-

Fresh do
Smoked 2 do

Fish skins, waste, etc.,

pounds
Pomace pounds .

.

Total

Prepared:
Smoked alewives,
pounds

Finnan haddie,
pounds

Number.

150

Value.

$716, 589
109, 577
131,700

260, 179

650
569,055

8, 122, 798

9,575,127
247,000

3, 228, 1S4
1,400,000

23,142,814

335

3 785, 333

26
60,970

192, 485

69,629
12,712

10,928
13,000

359, 750

60

95, 480

Item.

PRODUCTS—continued

.

Prepared—Continued

.

Kippered herring,
pounds

Smoked herring

—

Bloaters. . .pounds.

.

Lengthwise, .do
Mediimi scale,
poimds

Boneless . . pounds.

,

Whole do
other products

Number.

^ 156, 500

327, 330
37, 053

23S, 534
1, 729, 219
1,141,278

Total 4, 415, 582

Secondary:
Gil-

Herring— gallons.

.

Liver do
Pomace pounds.

.

Fish scrap do
Other products

Total.

23, 171

4,873
1,271,424
1,460,000

Value.

$15, 845

20,629
2,511

13, 036
256, 740
102, 334

5 120, 200

626, 835

14,086
4,578
16,411
38, 500

112

73,687

1 Includes one firm in Cumberland County and three in Washington County also engaged in making
herring oil, pomace, and fish scrap.

2 All smoked herring under products utilized were imported from Canada and used for preparing bone-
less herring.

3 Includes the output of one plant in Penobscot County and two in Cumberland County listed with
canners.

< Includes the output of one plant in Penobscot County listed with canners.
•'' Includes the value of herring pickled by one firm in Washington County.

Canning industry.—The canning industry of Maine is of growing
importance, the chief products packed being sardines, finnan haddie,

and clams. In 1919, 77 plants were operated, representing a value

of $4,315,878 and employing cash or working capital to the amount
of $625,257. The cost of materials amounted to $4,768,040; the

number of persons employed was 6,116, to whom $1,795,506 were
paid in wages; and the value of the products utilized was $1,145,614,

of which the most important were: Herring, 128,163,663 pounds,

valued at $875,627; haddock, 6,983,629 poimds, valued at $149,496;

and soft clams, 1,801,070 pounds, valued at $119,083. It is of

interest to note that 19,670 bushels of mussels were utilized, and it

is believed that the work of the Bureau in encouraging the use of

this product has aided in the development of this fishery. The manu-
factured products included 2,774,656 cases of canned products,

valued at $13,086,886, and secondary products such as scrap, meal,

and oil to the value of $82,328. The canned products included

2,450,268 cases of sardines, valued at $11,933,986; 228,127 cases of

finnan haddie, valued at $603,696, and 85,426 cases of clam products,

valued at $439,221.
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The clam pack represents the output of nine firms in Washington
County, five in Oumbofland County, nine in Hancock County, four
in Knox County, two in Lincoln County, one in Penobscot County,
and one in York County. Of these firms, seven also canned sardines,
one mussels, and three smoked fish. As it has been found impracti-
cable to show the pack of clams by grades and counties without
disclosing private enterprise, the pack in detailed form has been
omitted from the appended table. The pack was made up of the
following items: 259 cases of clams in 4-ounce containers, valued at
$1,471; 24,935 cases of 5-ounce cans, valued at $113,373; 2,954
cases of 6-ounce cans, valued at $10,930; 6,641 cases of 8-ounce
cans, valued at $49,847; 679 cases of 8^-ounce cans, valued at
$3,058; 4,406 cases of 10-ounce cans, valued at $20,730; 200 cases
of 11-ounce cans, valued at $760; 19,234 cases of 1-pound cans,
valued at $115,068; 4,199 cases of 2-pound cans, valued at $25,194;
1,327 cases of No. 3 cans, valued at $6,348; 74 cases of clam juice in
5-ounce cans, valued at $222; 3,843 cases of clam juice in 10-ounce
cans, valued at $4,903; 16 cases in No. 1 cans, valued at $48; 503
cases in No. 10 cans, valued at $946 ; and 16,156 cases of clam chowder
and bouillon in containers of various sizes, valued at $86,323.

Canning Industry of Maine in 1919, by Counties.

Item.
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Canning Industry of Maine in 1919. by Counties—Continued.

Item.
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whom $1 ,787,402 wore paid in wafjos. The herrinj; utihzcd amounted
to 104,700,010 pounds, vaUied at S767,141, and theparkwas 1,877,757

cases, vahied at S7,435,056, of which 1,458,670 cases, valued at

$5,669,352, were quarter oils.

The detnih'd statistics of the sardine inchistry of Maine in 1919 and
1920, by counties, are shown in the appended tables:

Sardine Industry of Maine in 1919 and 1920, by Counties.

1919.

Item.
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Sardine Industry of Maine in 1919 and 1920, by Counties—Continued.

1920.

Item.

Plants
Cost of material.
Cash capital
Persons engaged.
Wages paid

Cumberland.

Number.

PRODUCTS.

Herring utilized

Canned sardines: i

In oil

—

Quarters
Halves

In mustard

—

Quarters
Three-quarters.

In tomato sauce

—

Quarters
Halves
Three-quarters

.

One pound

Total sardines.

Pounds.
3,073,468

1,226
5,492

3,317
150

18, 075

64, 770

Value.
$204, 132

133, 071
37, 000

89, 285

Value.
$.30. 114

Value.
$206, 232

4,523
16,650

15, 155
1,080

75,846

319, 486

Hancock.

Number.

Pounds.
9,878,319

Cases.
142, 985
2,228

6,261
18,067

6,143

175,684

Value.
$567,643
392, 975
37,000

169, 752

Value.
SSO, 701

Value.
$789, 168

22, 280

31,824
89, 842

25, 499

958,613

Knox and Waldo.

Number.

Pounds.
2, 034, 800

Cases.
22, 077

51

785

2,949
1,331

3,712

30,905

Value.
$245, 009

81, 772

6,500

64, 520

Value.
$1.5, 915

Value.
$149,628

204
3,242

11,796
15,956

33,408

214, 234

Item. Washington. Total.

Plants ,

Cost of material

.

Cash capital ,

Persons engaged.
Wages paid

Number.
133

3,857

PRODUCTS.

Herring utilized.

Canned sai dines: 2

In oil

—

Quarters
Halves

In mustard

—

Quai ters

Three-quarters

.

In tomato sauce

—

Quarters
Halves
Three-quarters
One pound

Total sardines.

Pounds.
89, 713, 423

Cases.

1, 257, 098

43,945
158,625

348
477

1,606,398

Value.
S2, 799, 604
3, 300, 060

169, 500

Number.
50

1, 463, 845
5,109

Value.
$640, 411

Pounds.
104, 700, 010

Value.

$4, 524, 324

185, 493

586,330

641, 832

1,643
3,101

Cases.

1, 458. 670
2,228

51,483
182,969

158,314
1,481
348

22, 264

5, 942, 723 1, 877, 757

Value.

S3, 816, 388

3, 90/", 878
250,000

1,787,402

Value.
$767, 141

Value.
$5,669,352

22,280

222,044
696,064

694,282
17,036
1,643

112, 355

7,435,056

' Includes two plants located in AValdo County.
2 Quarters are packed 100 cans to the case and others usually 48 cans to the case, except half-pound ovals,

which sometimes contain 72 cans to the case.

FISHERIES OF NEW HAMPSHIRE.

The coastal fisheries of New Hampshire are unimportant in com-
parison with the fisheries of the other New England States and are

confined to Rockingham County, the only coastal county. In 1919

the number of persons employed was 100, of whom 3 were on a

vessel transporting fishery products, 85 in the shore and boat fisheries,

and 12 shoresmen in wholesale fish establishments. The amount of

capital invested was $45,530 and included: A transporting vessel

with outfit, valued at $9,300; 31 small boats, valued at $802; 53

power boats, valued at $10,675; fishing apparatus in the shore fish-
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eries to the value of S7,295; shore and accessory property with a
value of $11,958, and cash capital amounting to $5,500.

The products amounted to 528,730 pounds, valued at $92,660.
The species of chief importance were as follows: Lobsters, 298,012
pounds, valued at $73,203; soft clams, 66,600 pounds, valued at
$13,320; and cod, 98,354 pounds, valued at $3,609.

Compared with 1905, there has been a decrease of 45 in the number
of persons employed, of $1,520 in the capital invested, and of 507,722
pounds in the quantity of products; but an increase in the value of

the products of $40,716. There has been an increase in the catch of

lobsters as compared with 1905 of 41,960 pounds in quantity and
$40,628 in value and a decrease in the collection of Irish moss of

54,000 pounds in quantity and $1,980 in the value.

FISHERIES OF ROCKINGHAM COUNTY.

The following table shows the number of persons employed, the
investment, and the quantity and value oi the products of the
fisheries of Rockingham County, N. H., in 1919:

Persons Engaged, Investment, and Products op Fisheries of Rockingham
County, N. H., in 1919.

Item.
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Yield of the Shore Fisheries of New Hampshire in 1919, by Apparatus and
Species.

Apparatus and species.

Lines:
Cod
Cusk
Flounders
Haddock.
Hake
Pollock. .

.

Total...

Pounds.
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FISHERIES BY COUNTIES.

The statistics of the number of persons employed, investment, and
products of the fisheries in Massachusetts in 1919 are given by coun-
ties in the appended tabU^:

Persons Engaged, Investment, and Products of P'isheries of Massachusetts
IN 1919, BY Counties.

Item.
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Persons Engaged, Investment, and Products of Fisheries of Massachusetts
IN 1919, BY Counties—Continued.

Item.
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Persons Engaged, Investment, and Products of Fisheries of Massachusetts
IN 1919, BY Counties—Continued.

Item.
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Persons Engaged. Investment, and Products of Fisheries of Massachusetts
IN 1919, BY Counties—Continued.

Item.
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Persons Excaued, Investment, and Products of Fisheries of MASsAcnusF/rrs
IN 1919, BY Counties—Continued.

Item.
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Persons Engaged, Investment, and Products of Fisheries of Massachusetts
IN 1919, BY Counties—Continued.

Item.
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productive form, yielding 108,703,430 pounds, valued at S4,311, 75.5,

the principal species taken being: Cod, 62,604,055 pounds, value(l

at $2,699,786; haddock, 33,154.060 pounds, valued at $945,599;
halibut, 1,649,305 pounds, valued at $285,860; hake, 3,436,229
pounds, valued at $130,755; and pollock, 4,698,115 pounds, valued
at $116,328. Otter trawls ranked second, with 58,584,932 pounds,
valued at $1,906,360, of which 42,593,223 pounds, valued at $1,195,-

092, were haddock. Gill nets, employed chiefly in the taking of

mackerel, pollock, haddock, and cod, yielded 18,204,216 pounds,
valued at $814,940. The catch with seines amounted to 14,159,335
pounds, valued at $792,721. The most important species taken in

seines was mackerel, the catch of which amounted to 8,552,827
pounds, valued at $738,220. Various species were taken in pound
nets, trap nets, and weirs to the amount of 32,314,809 pounds,
valued at $655,005. Other important forms of apparatus used in

both the vessel and shore fisheries were dredges, with 2,023,428
pounds of oysters, scallops, and clams, valued at $680,331; tongs,

rakes, hoes, and forks, with 3,387,906 pounds of oysters, scallops,

clams, and Irish moss, valued at $577,203; and lobster pots with
4,152,597 pounds of lobsters and crabs, valued at $565,817.
The following tables give the products of the vessel and shore

fisheries by counties, apparatus, and species:

Yield op Vessel Fisheries of Massachusetts in 1919, by Counties, Apparatus,
AND Species.

Apparatu ; and specie ;.
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^lELD OP Vessel Fisheries of Massachusetts in 1919, by Counties, Apparatus,
AXD Species—Continued.

Apparatus and species.

Gill nets:
Mackerel.

Total

Harpoons: Swordflsh.

WTialing gear:
Ambergris.
Sperm oil

.

Total.

Lobster pots: Lobsters..
Dredges:

Clams, hard
Oysters

—

Market, private.
Seed, private

Scallops

Total

Tongs and rakes: Clams, hard.

Grand total

Barnstable.

Pounds.
248, 748

248, 748

112,935

30
678, 375

678, 405

1,200

4,800

356, 685
17, 290
68, 610

447, 385

Value.

S27, 397

27, 397

Bristol.

Pounds.
92, 900

92, 900

20, 860 106, 741

5,000
92, 450

97, 450

400

1,200

142,040
1,482

22, 375

15,341,301 823,933

867, 038

867, 038

2,740

21,000

21, 000

2, 800

1, 550, 669

Value.

$7, 890

7,890

22, 265

125, 661

125, 661

685

5,250

5,250

1,050

198, 962

Dukes.

Pounds.
218, 330

218, 330

106, 038

18, 682

861, 298

Vahie.
$27, 890

27, 890

23, 120

3,228

1,000

1,000

91, 565

Apparatus and .species.

Otter trawl.s:

Butterflsh
Catflsh and woltlish.

Cod-
Fresh
Salted

Cusk—
Fresh
Salted

Flounders
Haddock-

Fresh
Salted

Hake
Halibut
Hallock—

Fresh
Salted

Roseflsh
Whiting

Total.

Lines:
Catflsh and wolfFish.
Cod-

Fresh
Salted

Cush—
Fresh
Salted

Flounders
Haddock

—

Fresh
Salted

Hake-
Fresh
Salted

HaMbut—
Fresh
Salted

Pollock-
Fresh
Salted

Roseflsh
Sharks
Skates

Essex.

Pounds.
330

4,616

2, 494, 530
40, 000

24, 765
15,000

1, 179, 2S0

8, 326, 644

194, 000

32, 658
1.3, 622

443, 280
14,045
9,140
445

Value.
$23
312

107, 285
2,200

892
675

47, 147

234, 134

6,790
1, 3.38

2,316

10, 638
456
229

4

12, 792, 355 \
414, 439

42, 237

34, 344, 909

3, 097, 905

821, 692
1,870
6,016

14, 653, 310
179, 574

1, 258, 021

29, 095

1,416,132
8,045

1, 503, 661

27, 258
3,470
1, 118

20

1,136

1,479,211
160, 252

28, 627
84

213

410, 530
10, 206

50, 721

1,307

245, 904

1,060

36, 792
883
124
28
1

Nantucket.

Pounds.

336, 000

1,000

Value.

$2, 050

26, 880

50

Plymouth.

Pounds. Value.

378,000 28,980
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Yield of Vessel Fisheries op Massachusetts in 1919, by Counties, Apparatus,
AND Species—Continued.

Apparatus and species.
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Yield of Vessel Fisheries of Massachusetts in 1919, by Counties, Apparatus,
AND Species—Continued.

Apparatus and species.
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Yield oi' Vksskl Fishkkiks op Massachusetts ix 1919, by Countiks, Apfauatu.s,
AND Species—Continued.

Apparatus and species.
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Yield of Shore Fisheries of Massachusetts in 1919, by Counties, Apparatus,
AND Species—Continued.

BY POUND NETS, TRAPS, WEIRS, DREDGES, OTTER TRAWLS, GILL NETS, DIP NETS,
AND SEINES—Continued.

Apparatus and species.
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Yield of Shork Fishkkiks of Massachusetts in 101!), hy Counties, Apparatus,
AND Species—Continued.

BY POUND NETS, TUAPS, WEIKS, DREDGES, OTTEH TUAWLS, GILL NETS, DIP NETS,
AND SEINES—Continued.

Apparatus and species.
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Yield of Shore Fisheries op Massachusetts in 1919, by Counties, Apparatus,
AND Species—Continued.

BY POUND NETS, TRAPS, WEIRS, DREDGES, OTTER TRAWLS. GILL NETS, DIP NETS,
AND SEINES—Continued.

Apparatus and species.
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Yield of Shork Fisheuies of Massachusetts ix 1919, by Counties, Apparatus,
AND Species—Continued.

BY LINES, TONGS, RAKES, HOES, FORKS, EEL POTS, LOBSTER POTS, AND SPEARS—
Continued.

Apparatus and species.
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Yield of Shore Fisheries of Massachusetts in 1919, by Counties, Apparatus,
AND Species—Continued.

BYLINES,TONGS, rakes, HOES, FORKS, EEL POTS, LOBSTER POTS, AND SPEARS—
Continued.

Apparatus and species.
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Yield of Shore Fisheries of Massachusetts in 1919, by Counties, Apparatus,
AND Species—Continued.

BY BOW NETS,
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Industries of Massachusetts in 1919.

Item.
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21,536,000 pounds, valued at $268,700, and mackerel, 1,575,923
pounds, valued at S146,011.
Compared with 1905, there has been a decrease of 566 in the num-

ber of pcM-sons employed in the fisheries of the State, but an increase
in the investment amounting to $1,184,062, in the total quantity of
products of 24,354,040 pounds and in the value of SI,749,920. There
was a large increase in the catch of the following species as compared
with 1905: Menhaden, 20,509,800 pounds in quantity and $265,678
in value; scup, 2,721,100 pounds in quantity and $679,816 in value;
whiting, 1,313,630 pounds in quantity and $12,244 in value; floun-
ders, 1,308,114 pounds in quantity and $44,139 in value; lobsters,

1,053,873 pounds in quantity and $296,321 in value; and mackerel.

YEARS

1905-06 —07 —08 09-10-11 - 12 13 — t4 — 15 - 16 - 17 - 18 - 13

<
u. n
o
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tiates in a measure the general trend of the oyster industry as indicated

by this graph.
Although the figures appearing in the appended table show the

number of acres leased from the State, they do not represent the

actual number of acres under cultivation during each year. From
data secured in 1910 the number of acres under cultivation was
15,927.2, or 93 per cent of the total number leased during that year.

FISHERIES BY COUNTIES.

The statistics as to the number of persons employed, investment,

and products of the fisheries in Rhode Island are given by counties

in the following table

:

Persons Engaged, Investment, and Products op Fisheries op Rhode Island
IN 1919, BY Counties.

Items.
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Persons Engaged, Investment, and Products of Fisheries op Rhode Island
IN 1919, BY Counties—Continued.

Items.
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Persons Engaged, Investment, and Products of Fisheries of Rhode Island
IN 1919, BY Counties—Continued.

Items.
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and scallops, valued at S124,280. Pound nets used in both the vessel

and shore fisheries vielded 13,759,923 pounds, valued at Sl,051,315,

of which 8,261, 140 "pounds, valued at ,1799,846, were soup. Other
important species taken in pound nets were: Butterfish, 625,095
pounds, valued at $32,493; mackerel, 321,343 pounds, valued at

§30,139; squeteague, 311,260 pounds, valued at $29,574; and
flounders, 911,965 pounds, valued at $27,574. The catch with pots
amounted to 1,790.182 pounds, valued at $370,399. Lobsters were
the principal species taken in pots, amounting to 1,694,327 pounds,
valued at $360,679. Purse seines jdclded 21,959,000 pounds, valued
at $308,150, of which 21,536,000 pounds were menhaden, valued at

$268,700, and 423,200 pounds were mackerel, valued at $39,450.
Other important forms of apparatus employed in both the vessel

and shore fisheries, arranged in the order of their importance, based
on the value of their catch, were: Lines, with 1,389,986 pounds,
mostly cod, bonito, and eels, valued at $75,724; gill nets, with
759,980 pounds of mackerel, valued at $70,632; otter trawls, with
1,481,340 pounds, valued at $50,389, consisting principally of floun-

ders; and harpoons, with 101,010 pounds of swordfish, valued at

$19,757.
The catch of winkles with pots amounted to 10,500 pounds, valued

at $2,100. These are caught in winkle pots and are used for bait for

cod. The pots are similar to the ordinary lobster pots, with the
entrance at the top instead of at the end. The bait employed in the
pots is of about the same character as that used in lobster pots.

The following tables give the products of the vessel and shore
fisheries of Rhode Island in 1919, by counties, apparatus, and species:

Yield (jf Vessel Fisheries of R.hode Island in 1919, by Counties, Apparatus,
AND Species.

Apparatus and species.
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Yield of Vessel Fisheries of Rhode Island in 1919, by Counties, Apparatus,
AND Species—Continued.

Apparatus and species.
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Yii:ld of Shore Fisiieuies of Rhode Island in 1919, nv Appauatus, Counties,
AND Species.

BY SEINES, POUND NETS, AND LINES.

Apparatus and
species.
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Yield of Shore Fisheries of Rhode Island in 1919, by Apparatus, Counties,
AND Species—Continued.

BY POTS.

Species.
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FISHERIES OF CONNECTICUT.

In 1919 Connecticut ranked third in the number of persons engaged
and fourth in the iuAestment and quantity and value of the products.
The number of persons emph)yed on fishing and transporting vessels

was 647, in the shore or boat fisheries 1,019, and in the wiiolesale

estabhsliments, inckuhng tlie fertilizer plants, 623, representing a

total of 2,2S9. The investment amounted to $1,645,793, which in-

cludes 123 fishing and transporting vessels, valued at S546,163, with
a net tonnage of 3,869 tons and outfits valued at $253,888; 763
power, sail, row, and other boats, valued at $146,551; fishing appa-
ratus employed in the vessel and shore fisheries to the value of

$101,992; shore and accessory property valued at $498,699; and
working cash capital to the amount of $98,500.
The products of the fisheries amounted to 23,652,647 pounds,

valued at $1,700,638. The most important products were oysters,

12,197,703 pounds, or 1,742,529 bushels, valued at $1,087,016; men-
haden, 6,736,564 pounds, valued at $93,312; flounders, 2,349,181
pounds, valued at $91,962; lobsters, 740,848 pounds, valued at

$189,157; and shad, 463,203 pounds, valued at $86,637.
Compared with 1905, there has been a decrease in the number of

persons employed of 1,118, an increase in the investment amounting
to $10,040, and a decrease in the quantity of products taken amount-
ing to 51,320,001 pounds and in tbe value amounting to $1,473,310.
The species for which the decrease in 1919 has been most marked as

compared with 1905, with the amount of decrease, follow: Menhaden,
22,993,824 pounds; alewives, 1,054,878 pounds; swordfish, 362,287
pounds; squeteague, 138,503 pounds; bluefish, 124,292 pounds; and
sea bass, 93,161 pounds. In the oyster fishery there has been a
decrease, compared wnth the catch in 1905, amounting to 1,944,895
bushels, or 52.74 per cent, and with the catch in 1910, of 1,529,471
bushels, or 46.74 per cent.

FISHERIES BY COUNTIES.

Statistics of the number of persons employed, investment, and
products of the fisheries in Connecticut are given by counties in the
following table:

Persons Engaged, Investment, and Products op Fisheries of Connecticut
IN 1919, BY Counties.

Item.
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Persons Engaged, Investment, and Products of Fisheries of Connecticut
IN 1919, BY Counties—Continued.

Item.
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Persons Engaged, Investment, and PucMJtcT.s of Fishekik.s ok CoNNEcncux
IN 1919, BY Counties—Continued.

Item.
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Persons Engaged, Investment, and Products op Fisheries of Connecticut
IN 1919, BY Counties—Continued.

Item. New Haven. New London.

PRODiicTs—continued.

Menhaden
Perch, yellow.
Pickerel
Pollock
Soup.

Pounds.
102, 350

Sea bass
Shad
Skates
Smelt
Squeteagiie
Striped bass
Sturgeon
Suckers
Sunflsh
Swordfish
Tautog
Tomcod
Tuna
Whiting
Lobsters
Squid
Clams:

Hard
Soft

Scallops
Oysters:

Market

—

Public
Private.

Seed-
Public .

.

Private.

210
327

Total -1, 591, 239

10,504
208,950

106, 70S
2, 250, 857

106,631
1,517,411

Value.
$350

Pounds.
6,615,600

2,461
611

10, 135

1,980
3,345
98,088

. 400
21,l(fe

19, 547
3,939

14,950

50

45,633

86.948
20, 633

455
5,114
9,317

423, 895
3,612

4,323
30, 541

15,210
242, 830

10,004
152,324

38,400

7,000

9, 706, 507

Value.

$91, 827
251

88
717
202
468

18,618
10

3, 580
2,968

944

1,006

14,711
1,957

37
550
175

96,547
258

13, 717

Pounds.
&, 736, 564

6,108
1,079

10, 135

1,980
3,555

463,203
400

25, 217
23,076
4,810

25

99, 053
105

88,428
21,942

455
5,114
9,317

740, 848
3,612

149,976
2 229, 150
8 38, 400

M 36, 654
M, 826, 668

6 740, 516
7 6, 493, 865

Value.
$93,312

595
143
717
202
528

86,637
10

4,466
3,257
1,059

5
7,488

11

15,006
2,068

37
550
175

189, 157
258

18, 912
32,070
13, 717

21,900
471, 766

68,349
.525,001

366, 845 23,652,647
j

1,700,638

1 6,247 bushels,
s 22,915 bushels.

' 6,400 bushels.
< 19,522 bushels.

6 689,524 bushels.
6 105,788 bushels.

927,695 bushels.

FISHERIES BY APPARATUS.

Dredges employed in the oyster fisheries of Connecticut in 1919
were the most productive form of apparatus. In tlie vessel fisheries

dredges took 11,844,084 pounds, or 1,692,012 bushels, of oysters,

valued at $1,037,717, and in the shore fisheries dredges, tongs, rakes,
and hoes took oysters to the amount of 353,619 pounds, or 50,517
bushels, valued at $49,299, and clams to the amount of 279,126
pounds, or 29,162 bushels, valued at $50,982. The catch with pots
amounted to 768,078 pounds, valued at $192,629, of which 740,848
pounds, valued at $189,157, were lobsters. Otter trawls caught
flounders, giant scallops, and hake to the amount of 2,359,221 pounds,
valued at $103,031. The catch with purse seines amounted to

6,625,240 pounds, valued at $93,812, the principal species taken being
menhaden to the amount of 6,608,400 pounds, valued at $91,765.
Gill nets, used principally in the taking of shad, yielded 443,551
pounds, valued at $76,175. The cjuantity of shad taken with gill

nets amounted to 374,823 pounds, or 86,567 in number, valued at
$69,201, of which 53,822 were roes and 32,745 were bucks. Various
species were taken with lines, amounting to 201,763 pounds, valued
at $24,241; with pound nets, amounting to 379,371 pounds, valued
at $22,047; and wnth seines, amounting to 189,160 pounds, valued at
$21,680. All forms of apparatus employed in both the vessel and
shore fisheries yielded a total of 23,652,647 pounds, valued at
$1,700,638.
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The followiiij::; tables j2;ive the products of the vessel and shore or

boat fisheries in 1919, by counties, apparatus, and species:

Yield ok Vessel Fisheries of Connecticut in 1919, hy Counties, Apparatus,
AND Species.

Apparatus and
species.
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Yield .of 5HORE Fisheries op Connecticut in 1919, by Apparatus, Counties,,
AND Species—Continued.
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Yield of Shore Fisheries of Connecticut in 1919, by Apparatus, Counties,
• AND Species—Continued.

BV OTTER TRAWLS, H.VRPOONS, SCOOP NETS, POTS, AXD SPEARS-Continuod.

.Vpparatus and species.
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INTRODUCTION.

The Bureau's work in Alaska "was conducted along the usual lines

in the calendar year 1920. Shortage of funds handicapped the work
of the fisheries service early in the season before the new appropria-
tions became available July 1. A force of temporary stream watch-
men was again made use of during the active fishing season, working
under the direction of the Bureau's permanent employees in the
patrol of the fishing grounds for the enforcement of the laws and
regulations. Vessels of the subchaser type and one mine sweeper
were stationed in southeastern Alaska to aid in law enforcement.
A further study was made of the condition of the salmon fishery

of the Yukon River, and an expedition was sent into the Bristol

Bay region which did excellent work in the destruction of preda-
tory fishes and gathered certain information in regard to the spawn-
ing beds and runs of red salmon in streams tributary to Bristol

Bay. Five hearings were held by the Bureau at Cordova and Seattle

late in the year, and further restrictions imposed on commercial
fishing for salmon in Alaska.

Private salmon hatcheries were inspected as usual, and work was
continued by the Bureau at its hatcheries on McDonald Lake and at

Afognak. Excellent progress was made in the marking of the
mouths of salmon streams, one vessel in the southeastern district be-

ing almost exclusively' engaged in the work. Detailed statistics of the
fishery industry of Alaska were collected and compiled as heretofore.

In accordance with the recommendation repeatedly made by the

Secretary of Commerce and the Commissioner of Fisheries, the De-
partment of Commerce has been relieved of jurisdiction over certain

minor fur-bearing animals in Alaska. The act of May 31, 1920,

contained a section placing the land fur-bearing animals of Alaska
under the control of the Bureau of Biological Survey, of the Depart-
ment of Agriculture, and transferred to the Department of Com-
merce jurisdiction over walruses and sea lions. The Department of

Commerce retains jurisdiction over the fur seals and sea otters, and
over the blue fox herds of the Pribilof Islands. The Bureau's files

and all matters pertaining to the land fur-bearing animals, including
the leasing of islands for fur-farming, were promptly delivered to the

Bureau of Biological Survey, which assumed jurisdiction upon the

approval of the act. This report, therefore, does not contain a section

dealing with the protection of the so-called minor fur-bearing
animals of Alaska. Emploj'ees of this Bureau in Alaska have co-

operated with representatives of the Bureau of Biological Survey
whenever possible in the establishment of their work.
The Bureau's activities in connection with the taking of fur-seal

skins and administration of the natives' affairs on the Pribilof Islands
were carried on in the usual manner. The total take of sealskins in

the calendar year 1920 was 26,648, having an estimated value of

about $1,000,000. The take of l)lue fox skins on the Pribilofs in the

winter of 1920-21 was the largest for nearly 30 years, totaling 1,125

blues and 14 whites, with an estimated value of about $100,000.

6
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Transportation of necessary food, fuel, and supplies for the natives
and white employees on the l*ribilof Islands, together with return
of products, was afforded through the courtesy of the Navy Depart-
ment and the Coast Guard.
Two sales at public auction of sealskins taken on the Pribilof

Islands were held at St. Louis in 1920 by the selling agents of the
Bureau. The sale of fox skins was postponed because or low prices,

but was held early in 1921.

The author of this report is greatly indebted to Assistant Agent
E. M. Ball for compilation of statistics of the fisheries and prepara-
tion of accompanying text. Acknowledgment is also made to C. E.
Crompton for assistance in the preparation of statistics and text in

regard to the fur-seal industry.

REGULAR EMPLOYEES, ALASKA SERVICE.

During the year 1920 the following regular employees have been
identified with the Alaska service of the Bureau

:

Regulak Employees Identified with the Alaska Service in 1920.

Name.
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Rexjulae Employees at Government Hatcheries in Alaska in 1920.

Location and name. Position.

Afognak:
Edwin Wentwortti
Harry J. Heuver ,

Russiel Noyes ,

Fred R. Lucas
Thomas H. Morton ,

Alfred Nelson
Nicolai Boskofsky
Mildred I. Morton

F.J. Stewart
McDonald Lake:

C. H. Van Atta
Calvin D. Ryan
WilliamL. Stiles, Jr....

Thomas H. Morton

Albert L. Carlton
Everett V. Campbell . .

.

Lawrence T. Hopkinsoii

Clarence Houts
Anton Hougen
Barney Sevisen
Casper Udstrand
Stella A. Campbell
John P. Mobley

Superintendent.
Foreman.
Fish-culturist. (Resigned June 30, 1920.)

Fish-culturist.

Fish-culturist. (Promoted Mar. 16, 1920 from apprentice fish-culturist at
Afognak to fish-culturist at McDonald Lake. Transferred Sept. 10,

1920, to Afognak.)
Apprentice flsh-culturist.

Apprentice flsh-culturist. (Appointed Oct. 6, 1920.)

Apprentice fish-culturist. (Appointed Nov. 4, 1920. Resigned Dec. 31,

1920.)

Cook. (Resigned Dec. 31, 1920.)

Superintendent.
Foreman.
Fish-culturist. (Transferred Mar. 1, 1920, to LeadviUe, Colo.)
Fish-culturist. (Promoted Mar. 16, 1920, from apprentice fish-culturist,

Afognak. Transferred Sept. 16, 1920, to flsh-culturist, Afognak.)
Fish-culturist.
Apprentice flsh-culturist. (Resigned Apr. 30, 1920.)

Apprentice flsh-culturist. (Appointed June 5, 1920. Transferred Sept. 1,

1920, to statistical agent, Washington, D. C.)
Apprentice flsh-culturist. (Resigned Aug. 14, 1920.)

Apprentice fish-culturist. (Appointed Nov. 1, 1920.)

Do.
Apprentice fish-culturist. (Appointed Nov. 6, 1920.)

Cook. (Resigned Apr. 30, 1920.)

Cook. (Appointed May 1, 1920.)



FISHERY INDUSTRIES.

As in corresponding reports for pre\ ioiis years, the Territory of
Alaska is here considered in the three coastal jreographic sections

generally recognized, as follows: Southeast Alaska, embracing all

that narrow strip of mainland and the numerous adjacent islands

from Portland Canal nortliv, estward to and including Yakutat Bay;
central Alaska, the region on the Pacific from Yakutat Bay westward,
including Prince William Sound, Cook Inlet, and the southern coast

of Alaska Peninsula, to Unimak Pass; and western Alaska, the north
shore of the Alaska Peninsula, including the Aleutian Islands and
Bristol Bay and the Kuskokwim and Yukon Rivers.

Detailed reports and statistical tables dealing with the various
fisliery industries are presented herewith, and there are also given the

important features of certain subjects which were the objects of spe-

cial investigation or inquiry.

WATERS CLOSED TO COMMERCIAL FISHING.

Section 6 of the act ap[)roved June 2G, iOOO, for the protection and
regulation of the fisheries of Alaska, is as follows

:

Sec. 6. That the Secretary of Commerce may, in his discretion, set aside any
streams or lakes as prestn'ves for spawning grounds, in which fishing may be
limited or entirely prohibited ; and when, in his judgment, the results of fishing

operations in any stream, or off the mouth thereof, indicate that the number
of salmon taken is larger than the natural production of salmon in stlch stream,
he is authorized to establish ch)sc seasons or to limit or prohibit fishing entirely
for one year or more within such stream or within five hundred yards of the
mouth thereof, so as to permit salmon to increase: Provided, however, That
such power shall be exercised only after all persons interested shall be given a
hearing, of which due notice must be given by publication ; and where the inter-

ested parties are known to the Department they shall be personally notified by
a notice mailed not less than thirty days previous to such hearing. No order
made under this section shall be effective before the next calendar year after
same is made: And provided further, That such limitations and prohibitions
shall not apply to those engaged in catching salmon who keep such streams
fully stocked with salmon by artificial propagation.

Pursuant to the provisions of this section, action was taken in 1920
in regard to waters of southeastern Alaska; waters between Cape
Spencer and Cape Newenham, including Bering and Copper Rivers,
Kuskokwim River, and Yukon River.

Under date of May 22, 1920, announcement was made of a hearing
to be held to consider the necessity or desirability of making changes
in the regulations in regard to the Yukon River. The text of the an-

nouncement was as follows

:

It having been recommended that the Secretary of Commerce amend the order
of December 14, 1918, limiting or prohibiting fishing for salmon in the Yukon
River. Alaska, its tributary waters, and the waters of its delta, notice is hereby
given under the provisions of section G of the act of Congress approved .June 26,

1906, entitled "An act for tlic i)rotection and regulation of the fisheries of
Alaska," that a liearing, for the purpose of eliciting information as to what,

9
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if any, changes in tlie present Yukon River regulations are necessary or desir-
able, will be held at the office of the Bureau of Fisheries, 1217 L. C. Smith
Building, Seattle, Wash., on November 23, 1920, at 10 o'clock a. m., at which
time and place all interested persons will be heard. All persons having per-
tinent information are particularly invited to be present and to impart such
information.

Under date of May 25, 1920, announcement was made of a hear-
ing to be held in respect to fishing in the Kuskokwim Kiver. The
text of the announcement was as follows

:

It having been recouuuended that the Secretary of Commerce limit or pro-
hibit fishing for salmon or other fishing in the prosecution of which salmon
are taken or injured, in the Kuskokwim River, Alaska, its tributary waters,
and within the area 500 yards outside the mouth of that river, notice
is hereby given under the provisions of section 6 of the act of Congress ap-
proved June 26, 1906, entitled "An act for the protection and regulation of the
fisheries of Alaska," that a hearing to determine the advisability of limiting
or prohibiting fishery operations in the waters in question will be held at the
office of the Bureau of Fisheries, 1217 L. C. Smith Building, Seattle, Wash.,
on November 30, 1920, at 10 o'clock a. m., at which time and place all inter-

ested persons will be heard. All persons having pertinent information are
particularly invited to be present and to impart such information.

Under date of August 18, 1920, announcement was made of hear-
ings to consider the necessity or desirability of changing the regula-
tions regarding fishing in Copper Eiver waters. The text of the
announcement was as follows:

It having been recommended that the Secretary of Commerce amend the
order of December 20, 1918, limiting or prohibiting fishing in the Copper River,
Alaska, and its delta and all tributary waters, notice is hereby given under
the provisions of section 6 of the act of Congress approved June 26, 1906,
entitled "An act for the protection and regulation of the fisheries of Alaska,"
that hearings for the purpose of eliciting information as to what, if any,
changes in the present Copper River regulations are necessary or desirable
will be held at Cordova, Alaska, on October 5, 1920, at 10 o'clock a. m., and
at the office of the Bureau of Fisheries, 1217 L. C. Smith Building, Seattle,

Wash., on November 18, 1920, at 10 o'clock a. m., respectively, at which all

interested persons will be heard. All persons having pertinent information
are particularly invited to be present and to impart such information.

Under date of October 30, 1920, announcement was made of a hear-

ing to be held in respect to amending the order of November 30, 1917,

in regard to fishing in Bering River. The text of the announcement
was as follows

:

It having been recommended that the Secretary of Commerce amend the order
of November 30, 1917. the provisions of which are continued in the order of

December 23, 1919, prohibiting commercial fishing operations in Bering River
and its tributary waters, including Bering Lake, above a line extending al right

angles across Bering River from a point approximately 800 feet northwesterly
from the mouth of Gandil River, Alaska, notice is hereby given under the pro-

visions of section 6 of the act of Congress approved June 26, 1906, entitled "An
act for the protection and regulation of the fisheries of Alaska." that a hearing
to determine the advisability of further limiting or prohibiting fishing opera-

tions in Bering River and its tributary waters, including Bering Lake, will be
held at the oftice of the Bureau of Fisheries, 1217 L. C. Smith Building, Seattle,

Wash., on December 3, 1920, at 10 o'clock a. m., at which time and place all

persons interested will be heard.

Following the hearings on October 5, November 18, 23, and 30, and
December 3, the Department, under date of December 18, 1920, pro-

mulgated the following order

:

Hearings having been given, after due notice in accordance with law, for the

purpose of determining the advisability of limiting or prohibiting fishing in
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certain waters in Alaska, and to amend or modify certain existing regulations,
and all persons haviiii; had full ojjportunit.v to be heard, it is hereby orderetl,
by virtue of the authority vested in nu> by section G of "An act for the protec-
tion and rejrulaiion of tlie tislieries of Ahiska." approved June 20, 10(X5. that
until further notice ;dl lisliinj; for salmon, or other tisliinv: in the i)rosecution
of wliicli salmon are taken or injured, in all hereiimfter-(les-cril)ed wjiters of
Alaska be and is hereby made sul>ject to the following; li nutations and prohibi-
tions in addition to the general restrictions already applicable by virtue of exist-
ing laws and regidations.

1. Waters east of the longitude of Cape Spencer

:

(fl) All fishing is prohibited in all salmon streams and their tributaries and
lakes.

(6) All fishing, except with purse seines and drift gill nets, is prohibited
within 500 yards of tlie mouths of all salmon streams.

(c) All fishing with purse seines and drift gill nets is prohibited within 200
yards of the mouths of all salmon streams, and all fishing witli purse seines and
drift gill nets as well as with all other apparatus is prohibited witliin 500 yards
of the mouths of Chilkat River, Chilkoot River, Anan Creek, Hetta Creek, Sock-
eye Creek, and Naha Stream.

2. All fishing is prohibited in all salmon streams, their tributaries and lakes,
and within 500 yards of the mouths of such streams, flowing into tlie Pacific
Ocean or Bering Sea between Cape Spencer and Cape Newenham, except as
follows

:

(a) Fishing is permitted in Copper River and its tributaries in accordance
with the terms of the order promulgated December 20, 1918, which order is

continued in full force until September 1, 1921, upon which date said order of
December 20, 1918, becomes of no further force or etfect, and on and after
September 1, 1921, and until further notice, all fishing for salmon, or other
fishing in the prosecution of which salmon are taken or injureil, in the Copper
River, its tributaries and lakes, and witliin 500 yards of each mouth of the Cop-
per River, is prohibited.

(b) Fishing is permitted at Karluk beyond the zone 100 yards outside the
mouth of Karluk River where it breaks through Karluk Spit into Shelikof
Strait.

(c) Fishing is permitted in Ugashik River below a line extending at right
angles across the Ugashik 500 yards below the mouth of King Salmon River.

3. On and after September 1, 1921, all fishing is prohibited in the Kuskokwim
River, its tributaries and lakes, and within 500 yards of the mouth of the Kus-
kokwim for other than local use in Alaska.

4. Fishing is permitted in the Yukon River and its tributaries in accordance
with the terms of the order promulgated December 14, 1918, which order is con-
tinued in full force until September 1, 1921, on which date said order of De-
cember 14, 1918, becomes of no further force or effect, and on and after Septem-
ber 1, 1921, and until further notice, all fishing for sahuon, or other fishing in

the prosecution of which salmou are taken or in.1ured, in the Yukon River, its

tributaries and lakes, and within 500 yards of each mouth of the Yukon, is

prohibited for other than local use in Alaska.
5. The driving of salmon downstream and the causing of salmon to go out-

side the protected area at the mouth of any salmon stream are expressly pro-
hibited.

6. This order does not apply to persons taking salmon with rod, hand line,

or spear for their personal or fannly use and not for sale or barter.

7. The waters of the Afognak Reservation are covered by presidential procla-
mation of December 24, 1892, and the regulations promulgated by authority
thereof are not modified or affected by this order but remain in full force.

8. All previous orders of the Secretary of Commerce imposing limitations or
prohibitions upon fishing in the watei's covered by this order, except as herein-
before indicatetl, are hereby stiperseded.

9. This order becomes effective January 1, 1921.

Limitations and prohibitions upon fishing are applicable in the
waters of the Yukon and Copper Rivers by virtue of previous orders
of the Secretary of Commerce. Limitations have been placed upon
fishing by Executive order or proclamation in the following addi-
tional waters: Afognak Reservation, Aleutian Islands Reservation,
Yes Bay and Stream, and the Annette Island Fishery Reserve.
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STREAM MARKING.

In order to make more eifective the closing order of December 23,

1919, and to serve as a helpful guide to the fishermen, it was consid-

ered advisable to indicate by appropriate notices at suitable places on
shore the protected waters off the mouth of each salmon stream in

which fishing is prohibited. Though these notices in themselves
could not prevent unlawful encroaclmients on the streams, they would
serve as guides to those instinctively law-abiding and as warning to

those having no respect for the fishery laws and regulations. Thus
no one could plead in extenuation of a violation of the regulations

that there were no visible means defining the bounds wherein opera-

tions would be illegal.

The placing of markers at the mouths of streams is therefore in-

tended to be helpful to the fishermen in enabling them to locate the
outer boundary of the protected area of each stream, and at the same
time the markers serve the further purpose of making more certain

to those engaged in the enforcement of the law and regulations that
encroachments upon prohibited waters are not accidental.

The procedure generally followed in southeast Alaska in locating

markers has been to define arbitrarily the mouths of streams at the
line of mean low tide, unless physical conditions rendered such action

impracticable. This is the case at some streams where considerable

areas of silt have been deposited, which at low tide are exposed as

comparatively extensive mud flats. Owing to the varied conditions
encountered, no inflexible rule could be laid down for the determina-
tion of stream mouths, but as far as practicable the mouth of each
stream was to be fixed at the line of mean low tide. Where this could
not be done, authority was given to mark the mouths of such streams
at the line of mean high tide.

Gratifying progress was made in the work of marking stream
mouths in southeast Alaska. Signboards were erected at 189 streams.

Of that number the mainland is credited with 21 streams, Chichagof
Island with 60, Yakobi Island 2, Baranof Island 18, Admiralty
Island 28, Kupreanof Island 5, Zarembo Island 1, Wrangell Island

2, Etolin Island 5, Mitkof Island 1, Kosciusko Island 6, and Prince
of Wales Island 40. There are several hundred more salmon streams
in southeast Alaska which have not been marked, but which will be
given attention as funds may be available for such work.

In central Alaska markers were placed in 1920 at Eyak River,
Mountain Slough, and Glacier River, all of which are streams of the

delta of the Copper River, the several other outlets of the Copper
having been marked in 1919. The Karluk River was also marked
in 1920.

The salmon streams in western Alaska are comparatively large and
few in number. Of those tributary to Bristol Bay seven were marked
in 1920. They are as follows : Nushagak, Snake, Igushik, Kvichak,
ISTaknek, Egagik, and Ugashik Rivers. The mouth of the Yukon
River was marked in 1919.

STREAM WATCHMEN.

No more important work than the watching of salmon streams
engages the attention of the Alaska service. The preservation of the



AXASKA FISHERY AND KUR-SKAI. 1 NDUSTUIES, 1920. 13

salmon runs may depend lar<;ely upon tlie degree of protection

afforded in this manner, for exi)erience has shown beyond doubt that

most satisfactory results are thus obtained. The tluty of stream
watchmen is to prevent unlawful fishinj; in the streams where they

are stationed and within the proscribed area off the mouths thereof.

In ]9'2<) six men were employed as stream watchuien. of whom Fred
W. Dost, Eric N. Aldrich, Earl C. Nelson, and John F. Ross were
assigned to the southeastern district. The other two, Kenneth C,

Cole and John J. Folstad, Avere stationed at Abercrom))ie and Kar-
luk, respectively. By consent of the governor of Alaska, Joseph A.
Bourke, a Territorial odicer, was detailed to fishery work in the

Prince William Sound region during the fishing season.

Three other men, Chauncey C. Combs, James K. Nevill, and Wil-
liam E, Baumann, began work in July as stream watchmen, but they
were soon appointed permanent wardens in the Alaska fisheries

service, and are therefore not to be counted in this category. The
regular force of the service, including these three wardens, numbered
11 men, which, with the 6 stream watchmen and the 1 special assist-

ant previously referred to, constituted a service of 18 men actively

engaged in the protection of the fisheries of Alaska. In addition
there were, of course, the men engaged in operating the several vessels

used in protective work.

FISHERY PATROL.

BUREAU I'ATROL BOATS.

Five boats, owned by the Bureau, were used in patrolling the fish-

ing grounds of Alaska in 1920. Three of them, the steamer Osprey
and the power boats Auklet and Murre^ operated in southeastern
Alaska, while the other two, the Swan and Tern^ were used, on the
Yukon River and tributaries, cruising together during much of the
season. In addition the launch Dixie and the power boats An-
thanette and Tr^y It were chartered in July, August, and September
for patrol service in the Juneau district. The launch Prospector
Avas chartered in June and July for similar service on Prince William
Sound and the Copper River flats.

The Osprey was transferred from the central district to south-

eastern Alaska in July, where it was used almost entirely in the work
of marking the mouths of salmon streams. While being beached
near Cordova, preparatory to having her hull cleaned and copper
painted, the Osprey settled in the gravel and turned over on May 25,

falling away from the shore at low water. The boat did not right
itself on the flood tide, but filled with water and remained in this

partly submerged condition for about a week until assistance was
rendered by the Coast Guard cutter Algmrqmn, then in the Aacinity.

The following extract from a report by the Commodore Command-
ant of the Coast Guard describes the circumstances attending the

salvage of the Osprey:

On May 30, while on her way to Latouche, the Algonquin received a dis-

patch from the hea<lquarters of the Coast Ouard at Washinjiton, stating that
the Bureau of Fislierios had requoste<i her assistance in salving the steamer
Ospi-ey, ashore at Cordova. The cutter immediately headed for the stranded
vessel and found her in Orca Inlet, 5 miles north of Cordova. She was lying
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ou her side, full of water. It was decided that a barge or scow was necessary
to float the vessel, so the Algonquin proceeded to Cordova in search of one.
A suitable scow, belonging to the Bering River Coal Co., was obtained, brought
to the steamer Osprey, and hauled alongside her. On June 3 the Osprey was
righted, floated, and made fast to a dolphin. The water was then bailed out
of her.

In April the Murre was seriously damaged by striking a rock in

Keku Strait while engaged on census work for the Bureau of Educa-
tion. She was towed to Wrangell by the Auklet and repaired at a

cost of $1,623.87.

The following statement shows the mileage made by the patrol

boats owned by the Bureau in their cruises of 1920: Auklcf, 7,616;

Murre, 6,635; Osprey, 3,793; Swan, 3,067; Tern, 2,367; total mileage,

23,478. In addition to the foregoing, extensive mileage was made by
chartered patrol boats, especially the Dixie.

NAVAL AND OTHER PUBLIC VESSELS.

In March, 1920, a rather elaborate program was arranged between
the Governor of Alaska and the Navy Department, Treasury Depart-
ment, and the Department of Commerce, whereby certain vessels

under the direction of each department were to participate in fishery

patrol work in Alaska. The original order as approved by the heads
of the three departments designated the following vessels to con-

stitute a fleet for the protection of the fisheries of the Territory

:

Naval vessels : Eagle 57, submarine chaser No. £94, and submarine
chaser No. 309. (Subchaser No. 310 was detailed instead of No.
309.)

Coast Guard vessels: Botliwell, Algonquin, Bear, Earp, and
Unalga.
Coast and Geodetic Survey vessels : Explorer, Lydonia, Surveyor,

and Wenonah.
Eagle 57 and two subchasers, No. 294 and No. 310, were in Alaska

during the summer months. The chasers reached Alaska in May
and remained until the end of the fishing season. Subchaser No. W\,
while commanded by Lieut. Thompson, United States Navy, made an
energetic patrol of the district south of Petersburg, and did much to

suppress trap robberies and illegal fishing generally. Subchaser
No. 310 was similarly engaged in the district north of Petersburg,
though much less actively. Eagle 57 struck a reef at Gambler Bay
July 3, en route from Bremerton to Juneau, and lost her propeller.

On July 4 the vessel was towed to Juneau by the Explorer and sev-

eral weeks later was towed to the Puget Sound Navy Yard by a naval
tug. Thus Eagle 57 performed no service in the interest of the
fisheries of Alaska and was replaced on August 1 by the mine sweeper
Sioallow.

The commanding officer aboard each of these naval vessels was
authorized by the Secretary of Commerce, under date of April 23,

1920, to make searches, arrests, and seizures in accordance with the
provisions of the Alaska alien fisheries act of June 14, 1906. They,
or other officers of the Navy assigned to this patrol, were also com-
missioned as deputy T^nited States marshals, and at least one officer

was appointed a Ignited States commissioner.
The vessels of the Coast Guard were primarily in Alaskan waters

to carry on the Bering Sea patrol for the protection of the fur-seal
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herds annually resorting to the Pribilof Islands. A statement re-

*?ardin<!: this patrol appears in the fur-seal section of this report.

The vessels ol' the Coast and (leodetic Survey were en<i;af!:ed in the
vitally important work of that service in different coastal districts

of Alaska and therefore could not be expected to have opportunities
to do much for the fisheries.

WAR DEPARTMENT REGULATIONS.

Early in 1020 a rather fjeneral protest Avas registered before the
Chief of Engineers of the AVar Department by various interests in
Alaska against the location of floating fish traps in offshore posi-
tions, it being contended tliat such trai)s were a menace to navigation.
After considerable inquiry into the matter, the Acting Chief of Engi-
neers issued, on April 22, 1920, a temporary order for the regulation
of floating traps, as follows

:

During the caleiuiar your 1920 no floating pound net or fish trap in the navi-
gable waters of Alaska shall exceed 2,400 feet in length over all nor be con-
structed and operated in more than 100 feet depth of water at the outer end
of the net or trap at mean high tide according to the United States tide tables;
with the exception that a floating pound net or fish trap may be constructed
and operated in a greater depth of water, provided the extension, measured
from the shore line, at mean high-tide line, does not exceed 1,000 feet over all.

At the same time announcement was made that public hearings
would be held during the year to determine the advisability of contin-
uing or modifying the order. Accordingly two hearings were held in
1920—one at Juneau on September 14 and the other at Seattle on
November 19—as a result of which the War Department continued
without modification the order of April 22. On January 5, 1921,

new regulations were issued prescribing the conditions under which
fishery operators may construct and maintain fish traps in the navi-
gable Avaters of Alaska. The regulations are as follow^s

:

War Department,
Office of the Chief of Engineers,

Washington^ Jarmary 5, 19%1.
Note.—It is to bo understood that this authority does not give any property rights

either in real estate or material, or any exclusive privileges ; and that it does not author-
ize any injury to private property or invasion of private rights, or any infringement of
Federal, Territorial, or local laws or regulations, nor does it obviate the necessity of ob-
taining Territorial assent to the work authorized. It merely expresses the assent of the
Federal Government so far as concerns the public rights of navigation. (See Cummings v.
Chicago, 188 U. S., 410.)

To icliom it may concern:

The attention of those fishing in the waters of the coast of the Territory of
Alaska, and in the navigable waters tributary thereto, is called to the provi-
sions of section 10 of the river and harlior act of March 3, 1899, as follows

:

" Sec. 10. That the creation of any obstruction not aflirmatively authorized
by Congress to the navigable capacity of any of the waters of the United
States is hereby prohibited ; and it shall not be lawful to build or commence
the building of any * * * weir * * * or other structure in any * * *

navigable river or other waters of the United States, outside established harbor
lines, or where no harbor lines have been established, except on plans recom-
mended by the Chief of Engineers and authorized by the Secretary of War."

In accordance with tlie above provision of law, and until further notice, all

fishermen who desire to operate in the waters above di'scribed, and under
conditions statetl as follows, but not otherwise, and whose written applications
may receive the approval of the district engineer of the engineer department
at large, in charge of the locality, are hereby authorized by the Secretary of
War to construct and uraintain fish weirs, traps, or pounds erected in the usual
manner as heretofore, subject to the following conditions

;
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CONDITIONS.

1. All persons desiring to erect and maintain fish weirs, traps, or pounds
under this authority shall make application to tlie District Engineer, United
States Engineer Office, Seattle, Wash., giving their names, their addresses, the
proposed location of their weir, trap, or pound, and evidence tliat the proper
license has been granted by the Territory of Alaska.

2. That no floating fish trap shall exceed 2,400 feet in length over all, nor be
constructed and operated in more than 100 feet depth of water at the outer
end of the trap at mean high tide, according to the Unitetl States tide tables,

with the exception that a fioating trap may be constructed and operated in a
greater depth of water, provided the extension measured from the shore line

at mean high tide does not exceed 1,000 feet over all.

3. That all the apparatus used and the work herein authorized shall be sub-
ject to the supervision and approval of the aforesaid district engineer, who may
temporarily suspend the work at any time if, in his judgment, the interests of
navigation so require.

4. That no weir, trap, or pound shall be located or built in such place or
manner as to unreasonably obstruct or interfere with navigation.

5. That on the outer end of the weir, trap, or pound the permittee or owner
shall maintain a sign inscribed with the license number in numerals not less

than 6 inches in height, capable of being readily read from passing vessels,

and failure to keep such sign conspicuously displayed shall be sufficient reason
for the cancellation of this autliority and for prosecution as provided in the
next paragraph. All renewals of the Territorial license shall be reported to

the aforesaid district engineer when they occur, together with the Territorial

license number. All changes of ownership shall also be reported to him imme-
diately, and the permit shall be returned to him for proper notation thereon
of such changes.

6. That upon the abandonment of the location or upon ceasing to use any
weir, trap, or pound, as hereby authorized, the permit and the map or maps
attached thereto shall be immediately returned to the aforesaid district engi-

neer, with notice of the abandonment, and the owner shall inmiediately remove
the structure at his own expense, including all piling, stakes, etc., to the satis-

faction of the aforesaid district engineer. Failure to so remove the same shall

be considered good ground for prosecution of the permittee or owner for main-
taining an illegal structure endangering navigation, as set forth in sections 10
and 12 of the river and harbor act of March 3, 1899: Provided, That if the
use of said structure is suspended temporarily it may be maintained in whole
or in part if the license number is conspicuously displayed and the trap is prop-
erly lighted or otherwise marked, as may be necessary to prevent imreasonable
obstruction to navigation. Any fish weir, trap, or pound allowed to go into a
condition of disrepair so that it can not be readily seen, or on which the license
number is not conspicuously displayed, will be regarded as abandoned, and if

not promptly removed or marked as above provided will subject the permittee
or owner to prosecution, and any trap not in use on which the license number is

not displayed will be subject to removal by the United States at any time.
7. That if future opei'ations by the United States require an alteration in the

position of the weir, trap, or pound, or if the latter, in the opinion of the Sec-
retary of War, shall cause unreasonable obstructions to the free navigation of
the said waters, the permittee will be required, upon due notice from the Sec-
retary of War, and within 30 days thereafter, to remove or alter the weir,
trap, or pound, or obstruction caused thereby, without expense to the United
States, so as to render navigation reasonably free, easy, and unobstructed. No
claim shall be made against the United States on account of such removals or
alterations.

8. That fishing structures and appliances in navigable waters of the United
States shall be fighted for the safety of navigation, as follows:
"The lights shaU be displayed between sunset and sunrise. They shall be

placed at each end of the structure, excepting where the inner end terminates
in such situation that there is no practicable navigation between it and the
high-water line of the adjacent coast, in which case no inner light shall be dis-

played. The outer light shall be white and the inner light shall be red. The
size, capacity, and manner of maintenance of the lights shall be such as may
be specified in the War Department permit authorizing the erection of the struc-
ture or appliance.
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"When several structures or appHaiifes are placed on one line with no navi-

gable passage hctwtH'U .them they will be considered, for lighting purposes, as

one structui'e."
'

9. That tluTe shall i)e installed and maintained on the weir, trap, or pound,
by and at the exjieiise of the permit tee. such additional lights and signals as

niay be prescribed by Bureau of Lighthouses, Department of Connnerce, and
that provision shall be made by watchman or otherwise for proper attendance of

lights and signals, so that they will at all times be in effective condition.

10. That this authority is revocable at will by the Secretary of War, and
unless otherwise specihed in the permit, or unless previously revoked under
paragraph 7 above, shall cease and be null and void. (Date to be specified by
the tlistrict engineer, not more than five years after date of issuance of permit.)

Recommended

:

Lansing H. Beach,
Major General^ Chief of Engineers.

Approved

:

W. R. Williams,
Assistant Secretary of War.

ALASKA FISHERY INTELLIGENCE SERVICE.

Through the cooperation of the Ahiska Military Telegraph &
Cable System, information was sent to and posted at frequent in-

tervals in the telegraph offices at "Wrangell, Petersburg, Craig, Sitka,

Juneau. Cordova, and Seward, reporting the price of fresh halibut,

sablefish, and red rockfish at Ketchikan. At less frequent intervals

the price of pickled salmon and herring was also reported. In like

manner the Seattle price for the same fresh and pickled fish was
reported to those towns and to Ketchikan. This service is under-

stood to have been of real value to the fishermen in enabling them to

take advantage of the best market for their products, and it was con-

tinued for their benefit.

INSPECTION OF CANNERIES.

Canneries in Alaska are subject at all times to mspection by em-
ployees of the Alaska service of the bureau, but this inspection is

limited chiefly to an examination of the fish with reference to the

time they have been dead. The inspection also includes the wanton
waste of food fish in Alaska, whether at the fishery establishments or

on the fishing grounds.
There is also a cannery inspection service authorized by the Na-

tional Canners' Association but supported largely if not entirely by
the packing companies operating canneries in Alaska or by as many
of them as contribute to the maintenance of the service. The plants

of companies which do not contribute are not inspected by employees
of that service. This work is somewhat in its infanc3\ having been
started rather experimentalh^ two years ago chiefly, it is understood,
to reduce the fire risk at the canneries, to further provide for satis-

factory sanitation at the plants, and to promote the general ^welfare

and comfort of employees. The work of this service is no doubt well
worth while, although it has no mandatory authority to prfevent the

' Regiil.itions of Department of Commerce, approved .Tunc 10, 191:;. J

54777°—21 2
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canning of fish which in the judgment of its employees should not be
canned. The superintendent of the plant is ordinarily the responsi-

ble head of affairs, with absolute control of operations, and is thus
not definitely bound by the actions, recommendations, or suggestions
of the inspectors.

In 1920 this private inspection service was competently conducted
under the supervision of Dr. E, D. Clark, of Seattle, who for many
years was identified with the U. S. Bureau of Chemistry. Its per-

sonnel was made up chiefly of students from the Fisheries College at

the University of Washington. The Government has no direct con-

nection wnth the inspection service thus maintained under the

auspices of the National Canners' Association but approves of its

general purposes and objects.

VIOLATIONS OF FISHERIES LAWS AND REGULATIONS.

Fishery work before the courts of Alaska in 1920 involved prosecu-
tions for failure to close the tunnels and open the heart walls of traps
during the weekly close season, fishing in streams and lakes closed

to commercial operations, fishing within 500 yards of the mouths of

salmon streams, disregard of the lateral distance interval between
fixed appliances, and the wanton waste of salmon. It also covered

the completion of prosecutions begun in 1919. In most cases the pen-

alties imposed were fines, though in one case the sentence was im-
prisonment for one month. Fines aggregated $6,180.95, of which
amount $101 was imposed in central Alaska, $158.80 in western
Alaska, and $6,263.15 in the southeastern district. Costs of prosecu-

tions, which ordinarily follow the judgments, are included in these

amounts, as far as they were reported, but the record is incomplete as

in several instances the costs had not been computed at the time
reports were made. The total amount of penalties would therefore be

increased somewhat by including these costs.

On September 13, 1919, William Strong was indicted at Juneau
as an alien, having engaged in fishing in Taku River August 3,

1919. The case came to trial on March 4, 1920, at which time Strong
pleaded guilty and was fined $100.

The Alaska Pacific Fisheries was indicted in 1919 for not opening
the heart walls of two traps on Sunday, August 3. 1919, and tried at

Ketchikan. The jury failed to agree on a verdict. On April 28,

1920, the case was again tried in the district court at Ketchikan and
resulted in an acquittal of the company.
On July 17 the Alaska Pacific Fisheries was accused in a com-

plaint filed before the United States commissioner at Juneau of

failing to close the tunnel of its trap at Keck Point, Chichagof
Island, during the weekly close period on July 11. The case was
tried on August 6, but the jury did not agree on a verdict. Subse-

quently the case was dismissed on motion of the United States

attorney.

The case against the Ward's Cove Packing Co., indicted in the

fall of 1919 for fishing with two traps on Sunday, August 3, 1919,

was called for trial at Ketchikan. April 26, 1920. The company
pleaded guilty and was fined $200 and costs.

On November 23. 1920, the Ward's Cove Packing Co. was indicted

at Ketchikan for illegally fishing with a trap in Clarence Strait 4
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miles north of Dall Head on Aiifrnst 2. The case was continued to

the March, 1921, term of court.

At the April term of court in Ketchikan, Gus Starklolf, who was
indicted the previous fall for unlawful fishing in Staney Creek,
Prince of Wales Island, Sejitember 22, 1919, was arraigned, pleaded
giiilt}'^, and paid a fine of $50.

At the same term of court Jack Peratovich and five other natives

were arraigned under an indictment accusing them of fishing with a

seine in Staney Creek in 1919 contrary to law. They pleaded guilty

and were each fined $50.

In October, 1919, T. Kato, a Japanese, was indicted as an alien for

fishing with a gill net in the waters of southeastern Alaska on June
5, 1919. The case was called for trial at Ketchikan on April 30 and
resulted in an instructed A'erdict for the defendant, it having been
testified that he was not fishing, but was merely demonstrating the

use of a gill net.

Jenkins & Jenkins were indicted in 1919 at Ketchikan for having
driven a trap within a lateral distance of 600 vards of a floating

trap then in operation. The case was tried in Ketchikan in April,

1920, resulting in an acquittal of the defendants on the ground that

the floating trap was movable, and that therefore only the lateral

distance interval of 100 yards was applicable in this instance.

At the September, 1919, term of the district couil held at Juneau,
Tony Flagas was indicted for fishing in Bemers Bay during the

close season on September 15, 1919. Counsel for the defendant de-

murred to the indictment for the reason that it did not state that

Flagas was fishing for salmon. The demurrer was sustained, and
the violation is therefore in the status of having been unreported.

On Sunday, May 23, Paul Rappas was found fishing with a gill

net in Shoemaker Bay. On May 24 a complaint was filed against

Rappas before the United States commissioner at Wrangell, where-

upon he pleaded guilty and was fined $120 and costs of $8.

On September 15, 1919, Pete Knutsen and Ole Knutsen were in-

dicted on two counts for {a) fishing in Petersburg Creek with a gill

net covering more than one-third the width of the stream and
(h) fishing with a gill net extending across more than one-third the

width of the water of the estuary at Petersburg Creek, They were
tried at Ketchikan on November 8, 1919, and convicted on the second

count. On November 15 motion for a new trial was made. It was
denied on November 13, 1920, and a fine of $250 and costs was im-

posed. Notice of an appeal was then given but was not completed,

and the fine and costs of $56.65 were paid later.

The case against the Hidden Inlet Canning Co.. indicted in the fall

of 1919 for constructing in Peril Strait, near False Island, a fish

trap within 500 yards of the mouth of a salmon stream, was tried

at Juneau October 11, 1920, and resulted in an acquittal of the com-
pany, there being no satisfactory evidence presented to the jury that

the stream was used by salmon.
In September two indictments were returned against the Hidden

Inlet Canning Co. The first covered two counts and accused the

company of not closing the tunnels of two traps on Sunday. July 18.

Both traps were located on Chichagof Island, one being one-fourth

of a mile south of Wliite Rock and the other 2 miles north of

Basket Bay. A plea of guilty on each count was entered when the

case was called for trial in October, and a fine of $50 for each offense
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was imposed. The second indictment alleged that the company had
not closed on Sunday, July 25, the tunnel of a trap located on
Chichagof Island 3| miles south of South Passage Point. Upon
being arraigned the compan}^ pleaded guilty and was fined $100.

This violation was originally reported in a complaint filed before the
United States commissioner at Juneau on August 31, but it was
subsequently reported to the grand jury upon dismissal of the com-
plaint.

On September 13 complaint was made before the United States

commissioner at Juneau against Libby, McNeill & Libby charging
it with failure to close the tunnel of its Douglas Island trap, near
Shoal Point, during the weekly close season on September 5. Ar-
raignment was made immediately upon issuance of* the complaint.

The company pleaded guilty and was fined $100 and costs of $2.85.

Complaint was also made against Paul Benson and John Smith,
watchmen at the trap. Both men pleaded guilty and paid a fine of

$25 each and costs of $2.85.

In November, F. Lloyd was indicted at Ketchikan for illegally

operating a floating trap near Harry Bay, during the weekly close

period on July 31, by not opening the heart walls and not closing the

tunnel. On December 9 the case was called and a plea of guilty was
entered. The defendant was fined $50 and paid costs of $90.65.

On August 2, a trap on the west shore of Gravina Island, 3 miles

north of Dall Head, belonging to Rounsefell & Co., was found in full

fishing order. Report was made to the grand jury at Ketchikan,
and, on November 23, a true bill was returned. The case was called

for trial in December and the company j^leaded guilty. A fine of

$100 and costs of $21.05 were imposed.

On Sunday, August 1, a trap of the Jensen Fish Co, located in

Nichols Passage near Blanks Inlet was found with heart walls closed

and tunnel only partly closed. These facts were presented to the

grand jury in Itetchikan on November 23 and an indictment resulted.

The company pleaded guilty on December 8, and was fined $100 and
costs of $45.

On July 7 complaint was filed before the United States commis-
sioner at Juneau, charging that the Marathon Fishing & Packing
Co. had not closed on Sunday, July 4, the tunnel of a trap operated

by it on Admiralty Island, 1| miles south of Gambler Bay. The case

was called for trial on August 19, when the defendant pleaded guilty

and paid a fine of $200.

On July 7 the Petersburg Packing Corporation was accused in a
complaint filed at Juneau before the United States commissioner of

not closing, on July 4, the tunnel of its pile trap located on the south

shore of Admiralty Island, one-half mile northeasterly from Deep-
water point. Similar complaints were made against A. J. Young
and Jesse Fowler, watchmen at the trap. The cases were called for

trial on August 2. The company pleaded guilty and was fined $200
and costs of $5. The complaints against the watchmen were dis-

missed for the reason that they claimed it was impossible for them to

close the tunnel.

On July 7 complaint Avas filed before the United States commis-
sioner at Juneau, charging the Petersburg Packing Corporation with

failure to close on Sunday, July 4, the tunnel of a floating trap
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located 1 mile soiilliciist of Point Bri^liduan, Admiralty Island.

The case was dismissed on motion ot" tiie United States attorney.

On July 7 complaint was filed before the United States commis-
sioner at Juneau alleging that tiie Washington liay Packing Co. had
not closed the tunnel of a trap on tlie southeast shore of Admiralty
Island, one-half mile southeast of Point Brightman, supposedly
owned and operated by tiiat company, on Sunday, July 4. tliough at

that time the trap bore no name, number, or other means of identi-

fication. The complaint was subsequently withdrawn, as the com-
pany disclaimed oAvnership of the trap. However, on July 23, when
the trap was again inspected, it carried the name of the Wash-
ington Bay Packing Co. In view of that fact, tlie matter was pre-
sented, on September 17, to the grand jury at Juneau, and an indict-

ment resulted. The case was tried October 28, and the company
M'as acquitted.

On September 17 the Washington Bay Packing Co. was also in-

dicted for not having closed on Sunday, July 4, the tunnel of its

trap located on the south shore of Admiralty Island, 2^. miles north-
east of Woewoodsky Harbor. When the case was called for trial in
October, the company pleaded guilty and was fined $100 and costs.

On July 7 the Southern Alaska Canning Co. was accused in a com-
plaint filed before the United States commissioner at Juneau of not
closing on Sunday. July 4, the tunnels of two of its floating traps,
one of which w^as located at Point Napean and the other at Point
Wilson, on the south and west shores, respectively, of Admiralty
Island. Trial was had July 20, when a plea of guilty was entered.
A fine of $400 and costs of $8.60 were paid. A similar complaint was
made against Lenard Ekholm, Avatchman at the Point Wilson trap,
but it was dismissed on condition that he should not again violate the
law by leaving the tunnel open during the remainder of the close
seasons of the year.

On August 31 the Southern Alaska Canning Co. was further ac-
cused in a complaint filed before the United States commissioner at
Juneau of having failed to provide during the weekly close season
beginning July 24 an opening for the free passage of salmon and
other fish through the heart of its trap located 1 mile north of Point
Gardiner, Admiralty Island. The peculiarity of this case was that
the company technically complied with the law by opening the heart
walls, but it had, in fact, obstructed the passage of fish through the
opening thus made by extending a jigger from the heart to the pot,
thus, in effect, circumventing the law. Prosecution was vigorously
contested, but a conviction resulted, whereupon the companv was
fined $350.

On July 7 the Sanborn-Cutting Co. was accused in a complaint
filed before the United States commissioner at Juneau of having vio-
lated the law in two instances, Sunday, July 4, in not closing the
tunnels of two of its floating traps, located, respectively, in Herring
Bay, Admiralty Island, and Frederick Sound north of Carroll
Island. The case was called for trial July 17, at which time the
company pleaded guilty and paid a fine of $250 and costs of $8.70.
D, Simmons, watchman at the Herring Bay trap, against whom a
complaint Avas also made, pleaded guilty and was fined ^100 and costs
of $35.30. There was no watchman at the other trap.
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On July T the Fidalgo Island Packin*^ Co. was accused in a com-
plaint filed at Juneau before the United States commissioner of not
closing on Sunday, July 4, the tunnel of a trap on the southern
shore of Admiralty Island. Upon being arraigned July 26 the com-
pany pleaded guilty and paid a fine of $150 and costs of $8.

On August 31 the Fidalgo Island Packing Co. Avas further accused
in a complaint filed before the United States commissioner at Juneau
of not closing the tunnels of two traps on the southern shore of Ad-
miralty Island during the weekly close season July 24. The traps
were located one-third and 1^ miles, respectively, northeast of Murder
Cove. The company pleaded guilty to both offenses on September 9

and paid a fine of $200 and costs of $3.85.

On July IT a complaint was filed before the United States commis-
sioner at Juneau accusing the Booth Fisheries Co. of not closing

the tunnel of two of its traps on Sunday, July 11. Both traps were
located on the northern shore of Chichagof Island, one near Point
Augusta and the other seven-eighths of a mile southeasterly from
Pulizzi Island. The case was tried August 6 and resulted in an ac-

quittal of the company. A complaint was also filed against Carl
Edensword and Karl Christensen, watchmen at the Point Augusta
trap, similarly charging them, but they were likewise acquitted.

There was no watchman at the other trap.

On July 17 the Deep Sea Salmon Co. was accused in a complaint
filed before the United States commissioner at Juneau of not closing

the tunnels of two of its traps on Sunday, July 11. Both traps were
located on the northern shore of Chichagof Island, one near White-
stone Harbor and the other near Spasskaia Bay. When the case came
up for trial July 19 the company pleaded guilty and was fined $100
and costs of $4.20. Complaint was also made against Theodore
Thorsen, watchman at one trap. Upon being arraigned, he pleaded
guilty and was fined $100 and costs of $5. No watchman was found
at the other trap.

On August 31 the Wilson Fisheries Co. was accused in a com-
plaint filed before the United States commissioner at Juneau of two
violations of the law in that two of its traps were not closed on Sunday,
July 25. The traps were located at or near Wilson Cove, Admiralty
Island. The case was called on September 14 but was dismissed on
motion of the United States attorney, as the Government had but

one witness.

A complaint filed before the United States commissioner at Juneau
on August 31 accused the Standard Salmon Packers (Inc.) of failing

to close on Sunday, July 25, the tunnel of its trap in Tenakee Inlet,

4 miles west of South Passage Point. Upon being brought to trial

September 3 the company pleaded guilty and paid a fine of $50 and
costs of $3.85.

On August 27 the Auk Bay Salmon Canning Co. and Charles

Smith, owner and watchman, respectively, were accused in a com-
plaint filed before the United States commissioner at Juneau of not

closing the tunnel of the company's trap at Outer Point, Douglas
Islancl, during the weekly close season on August 7. The case was
called for trial on August 28, when both defendants pleaded guilty.

The company was fined $100 and costs of $2.85, and the watchman
$25 and costs of $2.85.
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On .Iiijy 17 p. K. Harris & Co. was accused in a complaint IIIimI

before the Ignited States commissioner at Juneau of five violations

of the law on Sunday, July 11, in that the tunnels of five of its

traps on the western shore of Mansfield Peninsula Avere not closed.

The trial Avas held on Aufjust C and resulted in a conviction on one
count and disajrreement on the other four. The company was fined

$500, upon ])ayment of which the four other counts were dismissed.

On August 81 P. E. Harris & Co. was accused in a complaint filed

before the United States commissioner at Juneau of not closing on
Sundays, .Vugust 1 and 8, the tunnel of one of its floating ti'aps on
the western shoi-e of Mansfield Peninsula. I'he case was tried on
September 8 and resulted in a conviction and fine of $350 and costs.

An appeal was taken. A complaint was also made against D. A.
Demick, trap watchman, but it was dismissed. Subsequently the

same information was laid before the grand jury and an indictment
returned. These cases were consolidated and tried before the dis-

trict court on Xovemher 5 and 6. and a conviction again secured.

Motion for a new trial being denied, the court imposed a fine of
$350 and costs against the company and a fine of $50 and costs against

Demick.
P. E. Harris & Co. and Jack Carlson, owner and watchman, re-

spectively, of a trap located 3^ miles north of Hawk Inlet on the
western shore of Mansfield Peninsula, were indicted separately by
the grand jury at Juneau in September for not closing the tunnel

of the trap on Sunday, August 1. The original action in respect to

this violation was the filing of a complaint against the company
and watchman before the commissioner at Juneau, but on motion of

the United States attorney the complaints were dismissed and the

matter presented to the grand jury, thus avoiding retrial in event

of a conviction in the lower court and appeal to the district court.

The company was tried on November 3 and 4 and acquitted. The
bench warrant for Jack Carlson was returned unserved, he having
left Alaska before the date of his indictment.

In September P. E. Harris & Co. was indicted for not closing on
Sunday, August 8, the tunnel of its pile trap located 2J miles south
of Hawk Inlet, Admiralty Island. This case w-as first taken before

the United States commissioner at Juneau on a comjilaint filed

August 31, but that action w^as dismissed on September 11.

At the same term of court another indictment was returned against

P. E. Harris & Co., alleging that this same trap did not have its

tunnel closed on Monday, August 9, during the close season on that

day. The indictment contained a further count which alleged that

the tunnel of a floating trap owned by this company and located one-

half mile north of Hawk Inlet was not closed during the same close

season. As in similar cases, complaints were first filed before the

commissioner at Juneau alleging the commission of offenses as above
indicated, but they were dismissed in order that the facts could be
presented to the grand jury with the result as noted.

On August 31 two complaints were filed before the commissioner at

Juneau accusing P. E. Harris & Co. of not closing on Sundays,
August 15 and 22, the tunnel of a pile trap located 2^ miles south of

Hawk Inlet. These complaints were dismissed, and the information

they contained was laid before the grand jury with the result that a
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true bill was returned. Tliese three cases were tried on November
1, 3, and 4, and an acquittal secured in each one.

On August 16 Ben Fox and Bert Dennis, natives, were charged in a

complaint filed before the United States commissioner at Haines
with having on that day fished with a gill net in Chilkoot River.

They pleaded guilty and were each fined $5.

On August 31 C. H. Gallagher was accused in a complaint filed

before the United States commissioner at Juneau with not closing

on Sundays, August 15 and 22, the tunnel of his trap located on
the northern end of Chichagof Island between Hoonah Island and
Flynn Cove. The case was called for trial September 7. Gallagher
pleaded guilty and was fined $25 and costs amounting to $41.85.

On August 23 the Beegle Packing Co. was accused in a complaint

filed before the United States commissioner at Ketchikan of fishing

with a floating trap on the southern shore of Revillagigedo Island

west of Coho Cove during the weekly close season of August 22. The
company pleaded guilty when the case was called for trial and paid

a fine of $100.

On xlugust 27 the Alaska Sanitary Packing Co. was charged in a

complaint filed before the United States commissioner at Wrangell
with having failed to open during the close season on August 7 the

heart walls of two traps located on Prince of Wales Island 4 miles

north of Point Baker. The company claimed extenuating circum-

stances in defense, but pleaded guilty and paid a fine of $25 for each

trap and total costs of $9.20.

Charles Norberg was accused in a complaint filed before the United
States commissioner at Petersburg on August 30 of fishing with a

purse seine within the prohibited distance of the mouth of Blind

River, Mitkof Island, on August 3. He pleaded guilty and was
fined $30 and costs.

By a complaint filed before the United States commissioner at

Petersburg on August 30 Jack Hollingstad was also accused of fish-

ing with a purse seine within the closed area at the mouth of Blind

River on August 7. Upon arraignment he pleaded guilty and paid a

fine of $40 and costs.

In September Chester Worthington, a native of Wrangell, was ac-

cused by the grand jury at Juneau of illegal fishing August 24 in a

salmon stream of Port Houghton. The case was tried at Juneau,

October 15, and resulted in a conviction. On October 19 Worthing-
ton was sentenced to serve one month in the Federal jail at Juneau.

The Pacific American Fisheries was indicted in September for not

closing on August 14 the tunnel of one of its pile traps located on
the southern shore of Pleasant Island. The case was called at Juneau
on October 22, and the trial ended in a conviction of the company.
Motion for a new trial being made and denied, the company, on
November 13, was fined $300 and costs of $42. Notice of an appeal

was entered, but upon the expiration of the period in which a bill of

exception might be filed the company paid the fine, thus closing the

case.

On August 7 Jack David and Patty Gonate, natives, were caught

fishing with gill nets in Chilkoot Lake. They were so accused in

a complaint filed that day before the United States commissioner at

Haines. Both men pleaded guilty, and each paid a fine of $20 and

costs of $16.
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On November 28 complaint was filed in the ITnitecl States commis-
sioner's court at Kotcliikan acciisin<r the Fresh Fish Co. of fishinj^

(hirino; the weekly chjso season on Aujrust 1 with a trap located on
the eastern shore of Prince of Wales Island, H^V miles north of Cape
Chacon. The com[)any pleaded guilty and paid a fine of $50 and
costs of $5.50.

The Starr-Collinson Packino; Co. was indicted at the Xovember
term of court in Ketchikan for not openin<^ the heart walls of its

trap No. 748, Prince of Wales Island, durin<^ the weekly close season

on August 1. The case has not been tried.

On July 21 a complaint was filed before the United States com-
missioner at Latouche accusing the Copper Kiver Packing Co. and
Kentuck Graves and Edward Hammer, two of its fishermen, of

setting a gill net in P'shamy Lagoon on July 15 a distance of 192

feet from a net of the Kenai Packing Co, Upon trial, pleas of guilty

were entered and a fine of $25 and cost was imposed.
A second complaint was filed on July 21 in the same court, charg-

ing the Cojiper River l^acking Co., Kentuck Graves, and Edward
Hammer with setting another gill net a distance of 1S2 feet from the

net of the Kenai I^icking Co. Graves assumed responsibility and
])leaded guilty Avhen the case was called for trial. He was fined $25
and costs.

On July 1 a complaint was filed before the United States com-
missioner at Valdez, charging the Copper River Packing Co. with
having set a trap within 500 yards of the mouth of a salmon stream

on Chenega Island, The trial of the case began August 10 and con-

tinued until noon August 12. The defendant company was acquitted,

the court holding that the mouth of the stream was above the

lagoon, a distance of more than 500 3^ards, and, further, that the

stream was not one in which salmon could spawn or would be chosen

by salmon for spawning.
On July 21 a complaint was filed before the United States com-

missioner at Latouche, accusing the Copper River Packing Co., Ken-
tuck Graves, and Edward Hammer of setting a net on July 15 within

500 yards of the mouth of a red salmon stream emptying into

Eshamy Lagoon. When the case came up for trial. July 24, the

defendants produced as witness a surveyor who disputed the measure-

ments made by a witness for the Government. The case \vas finally

dropped on condition that the company vacate the site, which it did.

On July 21 complaint was filed before the United States commis-

sioner at Xatouche charging that A. Gustofson and J. S. GroU had
fished with tAvo traps at the entrance of Eshamy Lagoon on Sunday,

July 18. Gustofson assumed responsibility, pleaded guilty, and was
fined $1 and costs for each offense.

On July 21 the King Salmon Fisheries Co. was accused in a com-

plaint filed before the commissioner at Latouche of having set on

July 14 two nets within 500 yards of the mouth of Miners River, a

red salmon stream tributary to Unakwik Inlet, Prince William

Sound. J. S. GroU, superintendent for the company, H. L. Neilson

and W. St. Clair, fishermen, appeared as defendants in the case.

Pleas of guilty were entered, and a fine of $25 and costs was imposed

in each case.

During the weekly close season on Saturday, July 10, a trap at

Knowles Head beloiiging to the Moore Packing Co. was found to
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be fishing. Complaint was entered before the United States com-
missioner at Cordova, and the case tried on August 6. The com-
pany was acquitted.

The Carlisle Packing Co. was accused in a complaint filed before
the commissioner at Cordova of fishing with a trap at Porcupine
Point during the weekly close season on Saturday, Jidy 10. The
case was tried August 6 at Cordova, but the jury failed to agree on
a verdict. On motion of the assistant United States attorney the

case was dismissed.

At the October term of the district court at Valdez the grand jury
indicted the Kenai Packing Co. and the Copper River Packing Co.
for the wanton waste of salmon. The Copper River Packing Co.

was also indicted for not opening the heart walls of its trap in

Prince of Wales Passage during the weekly close season on August
15. The cases will not be tried until 1921.

On July 27 the Bristol Bay Packing Co. was accused in a com-
plaint made in the United States commissioner's court at Koggiung
of fishing on Jul}'' 5 with a gill net in Naknek River, contrary to

the closing order of December 18, 1920. A plea of guilty was en-

tered and a fine of $38.60, being the costs of the prosecution, was
imposed.
On July 28 another complaint, charging that two boats belonging

to the Bristol Bay Packing Co. and the Red Salmon Canning Co.

were fishing in Xaknek River on the night of July 12, was entered

before the commissioner at Koggiung. The accused pleaded guilty

and were fined the costs of the prosecution, amounting to $66.60.

On July 29 a complaint filed before the commissioner at Kog-
giung alleged that the Alaska Packers Association had fished with

a drift gill net in Naknek River on July 5, When the case was
called a plea of guilt}^ was entered, and a fine of $10 and costs of

$43.60 was imposed.
The Circuit Court of Appeals of the Ninth Circuit, sitting at

San Francisco, affirmed the sentence and judgment imposed on
the Canoe Pass Packing Co. and the Northwestern Fisheries Co.,

jointly indicted in October, 1918, and convicted in the district court

at Valdez in October, 1919. These companies were indicted on four

violations of the regulations affecting fishing in Copper River by
having set four nets in Miles Lake, which is a part of the river,

within the prohibited distance of other nets previously set. The
trial court imposed a fine of $1,000 and costs against each company,
or $250 for each count in the indictment.

TERRITORIAL TAX LAW UPHELD.

In October, 1919, an action was brought in the Supreme Court of

the United States on writ of error from a judgment of the District

Court for the District of Alaska, Division Number One, dismissing

the suit of tiie Alaska Fish Salting & By-Products Co., plaintiff in

error, against Walstein G. Smith, treasurer of Alaska, defendant in

error, to recover money paid as taxes by the plaintiff to the defendant
for the tax years 1917 and 1918 under chapter 74, Alaska Session

Laws, 1917, enacted by the Alaska Territorial Legislature.

There were originally two suits. The first one was brought in

1918 to recover the 1917 tax of $2 per barrel on 4,112 barrels of fish
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oil, amounting? to $8,224, and the tax of $2 per ton on 1,037 tons of
fish meal, jiniountinji: to $2,074, makin<^ m total tax of $10,208, for

Avhicli judiriiHMit was asked, together with interest tliereon at 8 per

cent i)er :niniini from danuary 14, 1918. The second suit, for 1918

taxes, was iiled on February 17, 1919, to recover the tax of $2 per
barrel on 2,720 barrels of fish oil, amounting to $5,440, and the tax

of $2 per ton on 645 tons of fish meal, amounting to $1,290, making
a total tax of $G,730, for which judgment was asked, together with
interest tliereon at 8 per cent per annum from January 15, 1919.

Eiglit assignments of error were presented and based on the action

of the trial court in sustaining demurrers, dismissing the complaints,

denying plaintilFs motion for judgment, and rendering judgment
against the plaintiff, and thus upholding the constitutionality and
validity of the act of the Territorial Legislature and the taxes im-

posed thereby. The plaintiff company, through its attornej^ filed a

brief before the United States Supreme Court on December 2, 1920,

setting forth at length the contention that the legislation imposing
the tax, to avoid which tliis litigation was had, contravened and vio-

lated the Constitution of the United States, particularly the fifth and
fourteenth amendments, in that the plaintiff was denied the equal
protection of the law and was deprived of its liberty and property
witliout the process of law ; that the legislative classification of plain-

tiff's business was so arbitrary and unreasonable as to constitute

class legishition, and that the tax was confiscatory and prohibitive,

and that it was not laid on other businesses or industries wliich were
essentially the same as plaintiff's business; that the legislation was a

clear abuse of the Territory's legislative authority, and that it ac-

complished, by means of an intentionally arbitrary and confisca-

tory exaction imposed under the guise of a tax, the unauthorized
destruction and confiscation of a lawful pursuit ; that the legislation

was a clear, arbitrary discrimination against the manufacture of fish

oil and fish meal from herring in whole or in part, although there

was no reasonable distinction between that business and other busi-

nesses in all essentials similar thereto carried on in Alaska upon
which no tax whatsoever was laid; that the legislation, if deemed to

be a police regulation, was unreasonable and unauthorized, as Con-
gress had expressly reserved police supervision and control of the

fisheries to itself; that the legislation was extortionate, unfair, and
prohibitive, and so confiscatory as to result in a tax of 113.04 per cent

of the net profit's for one year; and that the legislation and the taxes

imposed thereby violated the Alaska Organic Act in that they were
not uniform on all occupations or businesses, nor were they uniform
on all businesses of the same class ; that the tax exceeded 1 per cent

of the actual value of plaintiff's })roperty, and that it w^as not levied

or assessed on the actual value of the property, but was purely an
arbitrary imposition in utter violation of the constitutional limita-

tions of the Alaska Organic Act.

On January 31, 1921, the Supreme Court handed down a decision

affirming the judgment of the trial court. In view of its interest

to the fishery industry of Alaska the opinion is here quoted in full,

as follows

:

This is an action to recover the amount of taxes levied under statutes of Ahiska
which tlie plaintiff alleges to be contrary to the act of Congress of August 24,
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1912, c. 387, § 3, 37 Stat. 512, creating a legislative assembly in the Territory
of Alaska, and to the Constitution of the United States. Judgment was given
for the defendant upon demurrer to the Complaint, the parties agreeing that
the foregoing grounds of recovery were the only matters in dispute. The
statutes attacked, viz: May 1, 1913, April 29, 191.5, and May 3, 1917, levy
license taxes of two dollars a barrel and two dollars a ton respectively, upon
persons manufacturing hsh oil, fertilizer and tish meal in whole or in part
from herring. The Act of Congress after giving effect to the Constitution and
laws of the United States in the Territory provides that the authority therein
granted to the legislature " to alter, amend, modify, and repeal laws in force
in Alaska shall not extend to the * * * fish * * * i^ws * * * of
the United States applicable to Alaska, or to the laws of the United States
providing for taxes on business and trade * * * Provided further, that
this provision shall not operate to prevent the legislature from imposing other
and additional taxes or licenses." Some reliance Is placed also upon § 9 that
all taxes shall be uniform upon the same class of subjects, &c., and that no
tax shall be levied for territorial purposes in excess of one per centum upon
the assessed valuation of property tlierein in any one year.
The complainant alleges that the tax will prohibit and confiscate the plaintiffs

business, which is that of manufacturing fish oil, fertilizer, fish meal and by-
products from herring either in whole or in part ; that the tax unreasonably
discriminates against the plaintiff, as it levies no tax uix)n the producers of
fish oil, &c., from other fish, and is otherwise extortionate; and that it con-
travenes th.e Act of Congress in lack of uniformity and in exceeding one per
centum of the actual value of the plaintiff's property. The prophecies of de-
struction and the allegations of discrimination as compared with similar
manufactures from salmon are denied by the Attorney General for Alaska,
the latter denial being based upon a comparison of the statutes which of course
is open. We are content however to assume for the purposes of decision that,

not to speak of other licenses, the questioned Acts do bear more heavily upon
the use of herring for oil and fertilizer than they do upon the use of other fish.

But there is nothing in the Constitution to hinder that. If Alaska deems it

for its welfare to discourage the destruction of herring for manure and to
preserve them for food for man or for salmon, and to that end imposes a greater
tax upon that part of the plaintiff's industry than upon similar use of other
fish or of the oft'al of salmon, it hardly can be said to be contravening a Con-
stitution that has known protective tariffs for a hundred years. Rast v. Van
Deinmi cG Lewis Co., 240 U. S. 342, 3.57. Even if the tax should destroy a busi-

ness it would n.ot be made invalid or require compensation upon that ground
alone. Those who enter upon a business take that risk. ilcCrai/ v. United
States, 195 U. S. 27. See Qiiong Wing v. Kirkeiidall, 223 U. S. .59; Muqlcr v.

Kansas, 123 U. S. 623 ; Louisville c£- Nashville R. R. Co, v. Mottley, 219 U. S.

467, 482. We need not consider whether abuses of the power might go to
such a point as to transcend it, for we have not such a case before ns. The
Acts must be judged by their contents not by the allegations as to their pur-
pose in the complaint. We know of no objection to exacting a discouraging rate
as the alternative to giving up a business, when the legislature has the full

power of taxation. The case is different from those where the power to tax is

limited to inspection fees and the like, as in Postal Telegraph cC- Cahle Co. v.

Taylor. 192 U. S. 64, 72.

But it is said that however it may be with regard to the Constitution taken
by itself, the statutes brought into question are contrary to the Act of Congress
from which the local legislature derives its power. In the first place they are
said to be an attempt to modify or repeal the fish laws of the United States.
The Act of Congress of June 6, 1900, c. 786, § 29 ; 31 Stat. 321, 331 ; Alaska
Compiled Laws, § 2569 ; imposes a tax on fish oil works of ten cents per barrel
and on fertilizer works of twenty cents per ton, repeated in slightlv different
words by the Act of June 26, 1906, c. 3.547 ; 34 Stat. 478 ; Alaska Compiled Laws,
§ 259. But these are not fish laws as we understand the phrase. It is argued,
however, that at least they import a license, License Tax Cases, 5 Wall. 462,
470, and that a tax alleged to be prohibitory flies in their teeth. It would be
going far to say that a tax on fish oil works in general terms imported a license
to a specific kind of works deemed undesirable by the local powers, and when
we take into account the express and unlimited authority to impose additional
taxes and licenses we are satisfied that the objection should not prevail. We
confine our decision to the statutes before us. repeating in this connection that
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tlioy imist be jiul.wd by tlit-ii- ((intents init by the ( iKiractcrizalioii of llicin in the
complaint.

Thi> re(iiiirement of uniformity in § 9 is disposed of by what \ye luive said of

tbo clMssilication wlicn considprod witli roferoncc^ to tbo Constitution. Tlic

Ic.trislatiirt' was wai-ranti^l in troalini: tlio makint,' of oil and fortilizor from
luMTinjr as a diflerfnt class of subjects from the niaUiuf:: of tbo same from
salmon offal. The provisions against taxing in excess of one per centum of
the assessed valuation of property does not apply to a license tax lilce this.

This is not a properly tax, Alaska Prni/ic Fishcricfi v. Tcnitonj of Ahtskti, 2-36

Fed. Kep. 52, 61. The objection that the plaintiff in error is doubly taxed, first

by the United States and then by the Territory, is answered by the express
authority to levy additional taxes to which we have referred heretofore.

Without going into more detail we- are of opinion that the tax must be sustained.

ROBBERY OF FISH TRAPS.

The fishing: season of 1920 was marked by a renewal in southeast

Ahiska of the piratical operations of 1919, which caused the packers
considerable loss of salmon. The regions chiefly affected were the

Cape Fox district, Craig and vicinity, Icy Strait, and the northern
part of Chatham Strait. The first robberies were reported in Jvme,
and from that time until the middle of August depredations occurred
at short intervals. Calls for assistance in putting down the disorder

were made to officials of the district court and to the governor of
Alaska, who was instrumental in securing the presence in Alaskan
waters of certain vessels of the ^«^avy, supposedly for the better en-

forcement of all laws and especially the suppression of this par-

ticular form of lawlessness.

Subchaser lYo. 29Jf. was almost constantly engaged in patrolling

the southern districts while subchaser No. 310 made infrequent cruises

into the northern localities. But with all these activities the unlawful
taking of salmon was not stopped thereby. In Septeml)er informa-
tion was presented by one packing company to the grand jury at

Juneau which indicted four men who had operated in the Icy and
Chatham Straits region, but when the case came on for trial it was
dismissed against three of them for lack of sufficient evidence while
the other one was tried and acquitted.

Investigation has shown that much of this so-called piracy was the
purchase of salmon from dishonest trap watchmen. Negotiations

were unsuccessful when they were imdertaken with faithful, upright
watchmen. In some instances salmon were taken from unwatched
traps, but the number so secured must have been small, as all traps

making even fair catches of salmon were watched by one or more
men.
Of further interest in this connection is the fact that salmon were

taken chiefly from floating traps, owing to the ease with which fish

could be removed from such apparatus, there being no material

change of conditions at any stage of the tide. With but occasional

exceptions, it is improbable that more than a few hundred salmon
were taken or purchased at any one time, for the boats engaged in the

business were small and manned by very fcAv men. Most reports of

large losses of salmon from this cause must be regarded as exagger-

ated, for in view of the scarcity of salmon many traps making even

moderate catches were carefully guarded by reliable employees, who
in some instances are said to have easily frightened away would-be

thieves by the discharge of firearms.
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In the last analysis, the suppression of this business appears to be

almost wholly in the hands of the cannerymen and the operators of

traps themselves. It seems reasonable to conclude that refusal to

purchase salmon from suspicious sources and the employment of

honest watchmen will make it unprofitable and cause the entire cessa-

tion of the reprehensible practice.

TERRITORIAL FISH COMMISSION.

The Alaska Territorial Fish Commission was created by the legis-

lature at its session early in 1919, and' at the same time the sum of

$80,000 was appropriated for its work durino; the ensuin<r biennium.

The efforts of the commission have been devoted chiefly to fish-

cultural work, the removal of natural barriers in salmon streams, and
the destruction of predatory trout. The commission has issued two
printed reports coverino; its activities durino; each of the two years

endinfif March 31. Accordinoj to the report for the biennium ending^

March 31, 1921, there was expended in the first year $27,901.24, and in

the second year $40,143.66, thus leavin"; an unexpended balance of

$11,955.10. Of the $27,901.24 expended in the first year, $12,072.08

was spent for fish-cultural work, $6,373.98 for stream improvement,

and the balance for jxeneral expenses, permanent improvements, etc.

Of the $40,143.66 spent in the second half of the biennium, $16,573.71

was chargeable fo propaojation and $19,695.90 to stream iniprove-

ment and the destruction of predatory fish, the balance goinoj for

fi:eneral expenses.

According? to the reports of the commission, stream improvement
work in 1919 was accomplished as follows: Juneau district, seven

streams; Ketchikan district, eight; Cordova district, three; and
Seward district, three. In 1920 this work was upon a more extensive

scale, being reported as follows: Juneau district, seven streams;

Ketchikan district, various streams south of AVrangell Narrows, num-
ber not stated ; Cordova district, five ; and Seward district, eight. It

is reported also that in the Juneau district 10,000 predatory fish

were destroyed, and in the Cordova district 13,648 were destroyed.

Mention is 'made also of the destruction of a considerable number
of predatory fish in the Bristol Bay district. Figures in respect

to this, however, are covered by the report by Dennis Winn, field

superintendent of fish-cultural work for the Bureau, appearing on

page 31. The Territory contributed $2,000 toward the fund for

conducting this work in Bristol Bay.

Details as to the fish-cultural and hatchery work of the conunission

will be found in the section of this report devoted to hatcheries.

TERRITORIAL LICENSE TAX.

Under the laws of Alaska a tax is levied on certain fishery prod-

ucts and apparatus, and it is payable annually to the treasurer of

Alaska. On May 11, 1921, the treasurer furnished a statement shoAv-

ing the collections as made to that date for the fiscal year ending

December 31, 1920. As compared with collections for 1919, the reve-

nues of the Territory fell oif $51,901.14, which amount is almost

covered, however, by delinquent taxes for 1920.



ALASKA FISHERY AND FUR-SKAT. INDUSTRIES, 1!)20. 31

Fishery Luknsi.; Taxks ("olmxtki) hy Teruitoky iok Fiscal Year Endici) Dec.

31, 1920.

SchwUilo.

Salmon canneries
Herring canneries
Clam canneries
Salt cries and mild-cure plants
Fish traps
Fish-oil works and fertilizer and fish-meal plants.
Cold-storage plant s

Whale-oil plants

Total
Additional tax >

Dclin(|iu'nt whale prodncls tax
Estimated dclinciuent canned salmon tax.

Grand total

Division
No. 1.

$52,460.26
71.95
3.58

923.73
55, 800. 00
18, 199. 73
1, 500. DO

128, 879. 25

Division
No. 2.

$1, 260. 94

123.25

1, 381. 19

Division
No. 3.

$88,474.61
.10

58.48
4, 625. 14

23, 500. 00
1, 168. 00
510.00
100.00

118,436.33

Total.

$142, 195. 81
72.05
62.06

.5,672.12

79, 300. 00
19, 287. 73
2, 010. 00

100.00

248, 699. 77

700.60
21, 6%. 00
30, 000. 00

301, 096. 43

' Additional tax of 1 per cent of their annual net incomes collected from salmon canneries (not possible to
segregate by divisions).

DESTRUCTION OF PREDATORY FISHES IN BRISTOL BAY REGION.

During the season of 1920 the Bureau cooperated with salmon
packers in the Bristol Bay region by organizing a force for the
destruction of predatory fishes in certain waters of the district.

Part of the expenses of the expedition were paid from a fund made
up by the fishery companies and the governor of Alaska. Field
Superintendent Dennis Winn, of the Bureau's fish-cultural serv-

ice, was in charge of the work. Mr. Winn's report is as follows

:

In Seattle equipment wa.s purchased and the services .secured of ,T. W. Gard-
ner, a practical tish-culturist, of the Bureau of Fisheries; A. T. Looff, of the
College of Fisheries, University of Washington, who has had considerable
experience in commercial fishing; and Harry Savage, a practical fisherman.
All proved excellent men for the work to which they were assigned. Men and
equipment were transported from Seattle on the Libby Maine, which vessel
arrived at Bristol Bay on May 25, and we were put ashore at Libbyville the
same evening.
Our equipment was talven ashore at the cannery of the Naknek Packing Co.

the evening of June 4, and the following morning we moved the entire equip-
ment with supplies to the cannery of the Alaska-Portland Packers' Associa-
tion farther up the Naknek River, where it was divided into three lots, one
for each location to be operated. Camps were established on the Upper
Naknek River. Lake Aleknagik, and Iliamna Lake. Mr. Loolf was in charge
of the crew at Naknek, Mr. Savage at Aleknagik, and Mr. Gardner at
Iliamna. Each camp was moved several times in order to facilitate the work,
as local conditions and possibilities were recognized.

NAKNEK SECTION.

Mr. LoofC, taking with him his portion of the equipment, one white man and
two Indians, was immediately transferred upriver, where camp was estab-
lished that evening about 2 miles below the foot of the rapids. His opera-
tions extended from the rapids to about 5 miles below the camp, near the
mouth of Ralph River. But few trout were observed below that point. A
spoon troll was used en route to the camp site, and several steelheads and
one lake trout were caught, all above Ralph River.

In making a survey of the vicinity we found we v,^ere late for the migrating
.salmon, arriving at the latter end of the period, which extended only through
the month of May and early June. Good numbers of lake trout, however, were
taken in the vicinity of our camp, these weighing from 6 to 12 pounds, and all

had fish in their stomachs—young salmon, smelts, and whiteflsh. It is safe to
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say that this species is as detrinieutal to the salmon industry as is the Dolly
Varden, if not more so. One specimen was taken with two whitetish over 12
inches in length in its stomach without distending it. The trout follow the
migrating salmon to tidewater and gradually work back into the lake when the
young salmon have passed. We found this species distributed through the
entire main river above Ralph River and up through the rapids into the lake,
but not in extremely large numbers. Steelhead trout were more abundant in

the river, as were also grayling and whitetish, the latter, especially, appearing
in great numbers.

After the river was thoroughly cleared in the vicinity of our operations camp
was moved to the lake outlet, where fair numbers were taken, but, owing to the
difficulties of seining and to the salmon ascending, a survey was made of the
entire lake with a view to finding more suitable operating points. Camp was
finally located at the mouth of Kidawik Creek, on the south side of the lake
near the entrance to the east arm, where good numbers of lake trout and some
Dolly Vardens were taken. The lake entrance would be an excellent location
when the young salmon are descending early in the season, but none were in

evidence at that date, June 17.

Practically all the fish entering Naknek Lake either pass up Kidawik Creek
or Simenoffsky River at the extreme head of the east arm. The lake shore,
with the exception of a few miles along the south shore, offers no inducement
for spawning fish owing to the amount of ashes accumulated from the eruption
of 1932 distributed along the shore line. All other tributaries are thickly im-
pregnated with ashes. While our arrival was late and help of little account,
about 16,600 pounds were destroyed, mostly lake trout.

Kidawik Creek is an ideal salmon stream with fine spawning bottom its

entii-e length of about 2 miles. It connects Naknek Lake with Toms Lake,
which is 12 by 4 miles in extent, the greater portion being clear and suitable
for spawning grounds. About midway between the two lakes there is a water-
fall from 5 to 8 feet high, over which it would be impossible for fish to ascend
during low-water stage. It is a stone shelf of volcanic formation extending
clear across the river, and, having no powder, we felt that a cut could be made
with steel bars, etc. We therefore secured several stone-cutting gads, a steel

bar, top maul, hammer and pick, and, after diverting the flow of water near
one side of the stream, a cut was made 10 feet in width, sloping back about 15
feet, through which the fish could easily pass.

The salmon made their appearance in the mouth of the creek July 8, the
number increasing gradually. A good run entered July 15, which was the date
the cut was complete. There were fair numbers that found and passed through
the cut, but the majority worked continuously at the center of the fall, many
being injured and floating downstream. As the water rose, some of the fish

were noticed passing over the top of the dam, and with high water they had
no trouble in passing over. The cut makes it possible for them to ascend at

any time. Fishing at this point was conducted in conjunction with the work
of making a passageway through the dam. The trout taken were chopped fine

and used to bait certain suitable seining points, where the fish gathered in

numbers, and a seine was slipped around them.
As this point was the only one where the fish could be observed, owing to

the murky water, we endeavored to keep a check on the new arrivals from day
to day in order to estimate the approximate escapement. From such observa-
tions it is estimated that about 1.50.000 fish entered the lake. This estimate
must of necessity be rough, as the water was so badly discolored. There was
no way by which we could intelligently estimate the number entering Simenotf-
sky River, as the water at that point was thick with ashes, but indications were
of less fish than at Kidawik, and an average was accepted of from one-half to

two-thirds. This would place the total escapement at the figure mentioned,
which we consider as near an average as could be secured with our oppor-
tunities.

On two occasions the camp was visited by bears, when all the crew were
absent, and the tent was slashed down the side. While bears were observed
from time to time in the vicinity, none of the men was ever threatened.

WOOD RIVER SECTION.

On the evening of June 8, accompanied by Mr. Savage and another white
man, I left on the Alaska-Portland Packers' Association boat North King, en
route to Lake Aleknagik. We arrived at Dillingham the morning of the 9th.
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where supplies were purelias-ed and tlie services eiif,'af:e(l of two natives lu

assist Mr. Savage. However, we were forced to discliar^re these men after thre*;

days' service. One native was later secured wIkj qualitied and remained to the
completion of the woriv at that point.

Men and eciuipnieni were transferred from Dillinjiham on the Alaska-Port-
land linkers' Association power hoat Ilkulc to Lake Aleknagik, where camp
was estai)lislied June 10 at the lake outlet. A survey was made of this lake
to determine its possihilities for trout ojierations. It was learned that the only
suitahle places lay at the lake outlet and the mouth of the river between
Aleknajrik and Nerka lakes.

Set and drift gill nets, in connection witli seine and troll lines, were used
and the early work centered at the lake outlet, where a considerable number
of Dolly Vardens were taken, weighing from two to seven pounds each. The
stomachs of these lisli were all well tilled with migrating salmon, Nos. 2i and 3
in size. 25 or more young salmon being counted in a stomach. The habits of
the trout were observed closely. It was noticed that they met the salmon
schools at the inlet and outlet of the lake, where the bar drops off into deep
water, a certain number of trout accompanying and feeding on the salmon.
In connection with the Dolly Vardens working on the young salmon in deep

water, the terns are almost equally severe at the surface. The salmon migrate
in enormous schools, making them easy prey for trout, and the work of the
latter forces the young salmon to the surface, where the terns take their toll.

Large flocks of from ;")0() to l.(KK) were noticed actively feeding whenever a
school passed certain points. After several days' operations at the lake outlet
the cat ell of trout became almost negligible, and it was noticed that while tbe
terns \\ere present in large numbers and won hi become excited and active on
sighting a school of young salmon, their success in catching was materially
lessened, the fish not coming close enough to the surface. No trout other than
Dolly Vardens were taken in this section, and very few under 2 pounds were
captured. All averaged 3 and 4 pounds, and specimens weighing 7 pounds were
common.
Through the courtesy of Capt. Williams, of the Alaska Packers Association,

we were supplied with a tally scow, and, with the assistance of Mr. Daly, of
the Alaska-Portland I'ackers' Association, this scow was towed into the lake.

We were comfortably housed and easily moved. When the trout became scarce
at the lake outlet the camj) was moved to the upper end of the lake, where the
scow was placetl in the mouth of the river connecting with Nerka Lake. At
this point good results were secured, and it was here that the bulk of the trout
was taken. It is estimated that from 3r),000 to 40,000 i)ounds of trout were
destroyed. Many were diseased, wormy, and emaciated, but always ready to

feed.

The migrating season of salmon in this district extends over a period of
about three months, and, figuring an average of 15 to 20 migrating salmon
for each trout per da.v—which represents Itut one feed for the average trout
taken—the number of trout destroyed would mean a saving of more yearling
salmon than could be handled in any of our hatcheries during a season, not to
mention the expense of feeding, etc., and this without taking into consideration
the serious depredations of the terns.

Our point of vantage in the scow enabled us to keep a close tally on the
adult salmon ascending to the spawning grounds, together with the proportion
of loss from fungus growth, due to gill-net in.iuries. No large run of salmon
was ever observed ascending, but a steady line was noticed from July 5 to Jul.y

20, gradually tai)ering off to small numbers at the date of our departure. July
28. Some were noted ascending prior to July 5, but in negligible numbers.
As consistent a check as possible was kept on the ascending tish. The salmon
came along the shore of the lake, entered the river, and passed into the strong
river current in the rear of our scow, where the current and scow created
smooth water. Dolly Varden trout as large as the salmon were noticed pass-
ing upstream with the latter in a ratio of about 2 to 4 per cent. As no small
trout were taken throughout the season it is believefl that all spawn in the
upper lakes. Those taken by us were principally sea-run tish. It was impos-
sible to use gill nets without injury to the salmon, ami the trout oi)erafing in

deep water made it necessary to devise some other means of capture. ^Ir.

Savage deviseil a mold in the shape of a tish, and this was poured full of lead
over the stem of a large, long-shank fishhook, which was used as a troll and

54777°—21 3
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fished among the migrating salmon. With tliis crude device two men succeeded
in talking 1^ tons of trout in one day. As fishing continued the numbers taken
gradually decreased several hundred pounds each day to the time of our de-
parture, when the best capture possible was from 3U0 to 1,000 pounds per day.
A check was made from time to time, in 5-minute periods, on the numbers

of salmon ascending during the height of the run, and it was estimated that
about 400,000 fish passed upstream during the period of 20 days. This consti-
tuted the run, figuring a steady escapement during the whole 24-hour day. This
figure, while not absolutely correct, we feel is as close an estimate as can be
made under the circumstances.
The salmon afflicted with fungus were closely checked by myself and each

employee individually, and we estimated that 5 per cent unable to swim the
current in the river would die In the lower lake in a very short time. A wound
caused by gill nets in salt water rapidly becomes covered with fungus after the
fish enters fresh water. When the fish is badly cut the v.-ound putrefies rapidly,
and on arrival at the head of the first lake there will be a circle of fungus
one-half inch or more in depth and several inches wide around the body of the
fish. Another .5 per cent were noticed with numerous gill-net marks around the
body, but in these the fungus was not in an advanced stage. However, while
these fish have strength to ascend the river, I am positive that few, if any, ever
I'each the spawning stage.

KVICHAK AND ILIAMNA SECTION.

It was planned to operate early on the Kvichak River, but owing to the im-
possibility of securing help and an accident to one of our boats en route, which
was repaired at the cannery of the Alaska-Portland Packers' Association, that
plan was necessarily al>andoned.
For various reasons it was impossible for Mr. Gardner, who had his equip-

ment assembled at Naknek, to reach the Uiamna district before June 27, and at
that date the water v.'as extremely high in tlie streams with occasional floods

overflowing the banks. Very little help was possible, but every effort was made
with gill nets ; seines could not be used owing to the high water. Good work
w^as accomplished by IMr. Gardner under discouraging conditions.

The writer divided his time between the Wood River and Naknek fields until

it was necessary for employees at those points to discontinue work, owing to the
departure of cannery boats on which they had passage to the States ; then he
proceeded to Iliamna, arriving August 10. On the Ilianma River, where our
first camp was established, but few large trout were taken, and those mostly
at the mouth of the river in the lake. All taken hei'e were Dolly Vardens,
with the exception of a few steelhead trout and whitefish. The high water had
the effect of scattering the schools and but small numbers were noticed gather-

ing in the pools. The trout, unlike those captured in other localities, were
long and slender, which made it impossible to gill many in our nets, and.

moreover, the ascent of the salmon necessitated the removal of the nets from
the water so as to prevent injuring the ascending salmon.
As tlie water receded the trout were noticed schooling in the eddies. Traps

were improvised, about 5 feet long and 2 feet in diameter, from wooden hoops
covered with chicken wire, with an opening in one end similar to the opening

in lobster pots. These traps were baited and set in the pools where they

caught many thousand fish. In the first one set we took 1.50 fish in two hours.

Many worked through the wire mesh, necessitating doubling the wire screen,

thus making the mesh smaller, and no further trouble v>'as experienced.

These bait traps have the advantage of catching the predatory fish without
in any way attracting or interfering with the salmon. They can also be fished

in any water and are efficient up to the time of active spawning.
The people in the vicinity were impressed with these traps and wished to

use this method in their own fishing. Therefore, on our departure, we dis-

tributed the traps on hand and supplied the other residents with material to

make one or two each.
After the pools in the vicinity v.^ere cleared of trout, which work was

accompl-shed in short order without interfering with the salmon, it became
necessary to seek new locations for operations, and the near-by creeks and
rivers were examined with, this end in view, and also to obtain all salmon
data possible.

In accordance with previous plans, we arranged to proceed to I>ake Clark,

arriving at the portage between Iliamna Lake and Newhalen River on August
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21, where we were storm IkuiikI tor severiil diiys. Sup])lies and equipment
were packed over tlie portage mainly by mys(>lf and assistants, as the Indian
packers who perfoi-iii tliis kind of work are absolutely nndepeiifhible, especially
as they had considerable money from the summer's work at the canneries,
and most of their tinn' was occupied in celebrating,'. We proceeded upriver
en route to Lake ("lark on Auj;ust 2S. We learned from natives and pros-
pectors that no Dolly Varden trout are ever taken in Lake (JIark, and that
there is but one stream in that locality which is inhabited by this species,
namely, Kegik Creek.
A thoroujih survey was made of the entire lake and ti-ibutaries, our party

passinsx up the east shore and returning on the opposite side. No trout in

quantities were observed, and the iiossil)ilities of stream spawning were found
to be very limited. It was noticed that the salmon si)awn earliest near the
outlet of the lake and later as they proceed up the lake. The prospectors and
natives were fishing the mouths of the creeks and also directly on the
spawning grounds preparing dog feed. Streams were visited in the following
order

:

Tazimina River is an ideal salmon stream with suitable sloughs for spawning
red salmon, but not more than 50 were noticed. A high waterfall about 5 miles
from the mouth blocks the ascent of fish.

Tarnalia River is a good stream but contained no salmon. We were advised
by prospectors living at its mouth that few salmon ever enter, even in good
years. There are falls about 4 miles up and no fish above.

Current Creek is a good spawning stream for the first mile, but unsuitable
farther up. It contained no fish.

A small creek at the head of Little Lake Clark could accommodate fair num-
bers, which are in evidence in good years, but none have appeared for the last
two seasons.
Big River, at the junction of Big and Little Lake Clark, is the largest stream

tributary to the lake. It is glacial fed and few salmon ever enter.
Portage Creek is small, with no pos.sibilities.

Kegik Creek is a fair-sized stream with good possibilities. It has a lake at
its head and is recognized as the best salmon stream in that locality, the fish

ascending into the lake. A trij) was made to the lake and but few salmon
noticed, none being found in the small tributaries at its head which are thor-
oughly suitable for spawning. I was advised by prospectors in the vicinity that
some spawning red salmon were noticed in the lake in December and spawned-
out fish still active in January of some years, which would indicate an ex-
tremely late run.

Chulitna River has no salmon possibilities. It is a shallow river and heads
in a marsh containing large numbers of pike.

Practically all the salmon spawn along the shore of the lake and nearly the
entire shore is suitable. Many miles of ideal spawning grounds were noticed
along the lake shore. The Indian fish villages, now deserted, scattered along
gave positive evidence as* to the best spawning locations in former years. Lake
trout, especially during tlie spring uKmths, are numerous and easily taken;
specimens reported weighing 40 pounds or more were common. Very little use
is ever made of them by the natives, and oidy in emergency cases are tliey ever
considered. As our time was limited and lake trout were not abundant, we con-
tinued back to Ilianuia and finished the season with a survey of that lake, with
the exception of the west shore, which was too dangerous at that time of year
to undertake in a small boat.
The Newhalen River, which connects Iliamna Lake and Lake Clark, has a

series of falls and rapids about 2 miles from its mouth, but these are not of
sufficient size to hinder the ascent of the fish. The formation, however, renders
it easy for the Indians to catch their supply with large hooks on the end of long
poles, as the fish must of necessity pass through certain small channels between
the rocks. The rapids are al)out HOO yards long, passing through narrow chan-
nels at the upper end and widening to about 300 feet in rapids below, which end
in a further widening of the river to about one-half mile. This portion of the
river is shallow for about one-quarter <if a mile, with ideal spawning bottom,
on which some fish were .spawning. The major portion of the fish taken by
the natives in this locality were captured either in the rapids or on these
spawning grounds.
The channel l)et\veen th(> river and Iliamna Lake is about 200 yards wide and

broadens immediately on entering the river to about one-half mile. This channel
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would be an ideal place for the capture of trout with any kind of gear through
the spring months.
A good run of salmon was found in Kokhonak Creek, with the usual native

family catching them on the spawning beds and drying them as food for the

family and dogs. Here we captured a number of steelhead trout in nets, and
great numbers were noticed on the beds with salmon, feeding on their eggs.

No Dolly Vardens were taken or seen. A trip was made to the lake at the head
of the stream, a distance of 6 miles, and it was observed that the stream was
well seeded the entire way. The stomachs of the fish taken at this point were
filled with decomposed salmon and spawn, and on account of the unlimited
supply our bait traps did not appeal.

All streams in Kokhonak Bay were visited, but no fish were noticed in any
streams other than Kokhonak Creek and Kokhonak River. A fall 20 feet high

in the month of Kokhonak River prevents the ascent of fish. From 400 to 500
red salmon were observed endeavoring to pass over this obstruction, but they
could not proceed over halfway. It was believed that after being unsuccessful
in negotiating the falls they would drop back and spawn. After careful search
they were located spawning about 100 feet from the falls, close to a straight

rock bluff, in 9 feet of water, and between large bowlders where there were
suitable gravel spots. Some lingcod and steelhead trout were observed working
in the beds for eggs, and each specimen taken had salmon eggs in its stomach.
An efficient fishway can be installed at small expense, providing it is undertaken
in the spring, when the water is low. Its installation would open miles of

perfect spawning area in the river, and would also permit the fish to pass up as

far as Kokhonak Lake. This river is one of the best streams for salmon tribu-

tary to Iliamna Lake.
On the Iliamna River trips of observation were made al)Out 12 miles up-

stream, the first on August 14, when not over 1,000 salmon were seen on the

beds; on the second trip, September 17, no salmon were noticed in localities

visited in August, but about 500 were found spawning 4 miles from camp.
These represented the entire run in Iliamna River for the season. There was
always a sprinkling of Dolly Vardens with the salmon, some of them spawning,

but they were so scattered as to render capture in any numbers impossible.

Pile iliver was not visited, but the natives reported no fish there.

A fair run of fish entered Chekok River, from which the majority of the

natives in the Iliamna River district obtained most of their fish supply.

The last few days in the field were spent at Iliamna, where we set bait traps

and caught several hundred Dolly Vardens, thereby again clearing the pools.

SUMMARY.

Our work was severely handicapped owing to late arrival, the impossibility of

securing suitable help, and the necessity of familiarizing ourselves with condi-

tions, each locality having a distinct problem to solve in the capture of trout.

We were compelled to pay top wages for native help, and most of the natives

^vere worthless, necessitating their discharge at the earliest moment possible

without embarrassment to the work. At no time was suitable help available,

except at Iliamna late in the season after the canneries had closed. Our equip-

ment, too, was inadequate; while we expecte<l that gill nets of 3-inch and

3*-inch mesh would be suitable, we found the trout usually too large to gill.

'our experience this year will enable us to wage an extensive and aggressive

campaign another season. At Naknek the work can be best accomplished in

the early spring months, or up to the time salmon enter the stream. After

this, if desirable, some of the operators could be used as stream watchmen
through the cannery season. In the Aleknagik Lake section excellent results

could be obtained throughout the entire season, or until the canneries close,

necessitating departure. Good work can be accomplished in the Iliamna dis-

trict up to the period of spawning, or the middle of August.

The salmon run was spasmodic in all but the Wood River section, but at no

time were there indications of an abundance of salmon in any portion of the

districts operated. While the escapement into Wood and Naknek Rivers was

greater than that of the previous year, a greatly insufficient number reached

the spawning grounds to insure a normal pack and allow sufficient escapement

for the future. Our judgment would indicate a totally inadequate supply for

even a small year, to say nothing of normal.

In the Kvichak and Iliamna sections the spawning beds were nearly destitute

of spawning salmon. I am positive that the storms, which interfered some-
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what with the commercial catch, were the salvation of the situation, for if but
ji slifrlitly incroaseil pack iiad boon made the escapement would have been
practical iy nil and tlu> licds would liavi> l»een left nearly or wholly bare, with
an absolutely disc()ura,iJ:in.^ outlooic lor tiie future.

We are tborouj;ldy convinced that the predatory fishes, together with the
terns mentioned lieretofore, constitute one of the most serious ini-naces facing
the salmon industry. In small years, sucli as 191!) and li)2(), they will practi-

cally eliminate the cycle runs by tlieir d(>predations, first (m tlie eggs on tlie

siiawning beds, next on the young fisli in the first year or two spent in tlie

lakes, and last, but not least, on tlie migrating fish descending to the ocean.

Tlie only hojie of curtailing this loss is by waging a constant, aggressive and
extensive canipajgn against tliese marauders. In the iierforniance of this work
a close tally can l)e kept on the escapement and spawning grounds, wliicli is

the only nietiiod bj' whicli the industry can be advised with any degree of
assurance and safety. Our work of extermination this year will surely be
of invaluable aid to tlie future, and its continuance with an enlarged scope
will show its value witliin tlie next cycle. We also feel at this time tliat it is

one of the greatest liopes for the industrial future of the salmon industry.

RECOMMENDATIONS.

I would respectfully recommend that this work be continued on as extensive
a scale as possible for the elimination of predatory fishes and birds.

I recommend the purcliase of tliree power boats of Columbia Kiver type,
one for each section operated, with living cpiarters aboard for three or four
people. They would facilitate the work of transferring crews to different
localities, and it would not then be necessary to embarrass the different can-
nery superintendents with recpiests for tlie use of a launch when same is

needed for cannery work. It would also insure comfortalile living and sleeping
quarters for the crew and tlius eliminate the discomforts of tents and sleep-

ing on tlie ground, wliich is nearly impossible in that section during heavy
rains. With such a boat many localities could be profitably operated with
seines, set and gill nets, and bait traps, necessitating but a small crew at any
point of operation. Sucli a l)oat would also be of special value to stream
watchmen. As efficient work at the diiferent points would cease at al)out
tiie time the commercial season began, I would suggest that the boats be
utilized i)y some of our men who would be employed as stream watchmen.

(Jood work can be effectively continued witli jigger trolls and bait traps dur-
ing the period tlie salmon are running. A small crew can profitably operate as
much of this gear as can be efficiently utilized, thus releasing a portion of the
crew with the power boats for stream police duty without detriment to the
predatory fish work.
Three new 20-foot fisliing skiffs are needed, together with several gill nets

of large mesh, and material for making a number of bait traps, and tliree

larger and deeper seines, one for each locality. These added to our present
equipment will meet any emergency pertaining to our work as outlined.

I would furtlier recommend that employees be engaged in tlie States and
that tliey reach the different localities in Bristol Bay as early as possible in

the spring months. They should be on the first boats reaching the region.

Employees should go to the Upper Uianina by the regular steamsliip line to

Cook Inlet, tlience to Uianina Bay and Uianina village, arriving about May 1.

At that time tlie water is low and the trout schooling in large numbers. Seines
can then be used to advantage, also the bait traps and gill nets. The necessity

of reaching Uianina by Cook Inlet is due to the fact that passage can not be
made from Bristol Bay through the lower end of Uianina Lake before late in

the season owing to the ice in that locality.

A fishway should be installed in Kokhonak River.

These recommendations are made to meet conditions as they exist in the
sections operated this season, but they can be enlarged in accordance with any
plan formulated to broaden the scope of the work.

AFOGNAK RESERVATION.

Historical data have been published year after year showing the

establishment of the Afognak Fishery Reservation by presidential

proclamation in 1892 and the object that was hoped to be attained
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by its creation. From the date of the establishment of the reserve

until the spring of 1912 all commercial fishing in Afognak waters

was prohibited, but the order was not obeyed and no attempt was
made to enforce it. Though those waters were nominally closed to

all commercial fishing and the two canneries on Litnik Bay sus-

pended operations and were dismantled and sold, pickling operations

were carried on by local parties at the most important streams of the

island until 1912, when by departmental order the reserA^ation was
opened to the native inhabitants of the region under such terms and
conditions as seemed necessary to safeguard the runs of salmon. Al-

though the fishery resources of Afognak were well known, the mere
fact that fishing was authorized coincident with the opening of a sal-

mon cannery at Kodiak was sufficient inducement for the entire native

population of the island to seek and secure fishing privileges. The
legalization of fishing did not, however, increase the supply of salmon
in those waters, though on the face of returns that might appear to

have been the case. The catch in 1912 was larger than any year since

1892, but it was so for no other reason than that more fishing was
done. Yet, on the whole, results were disappointing, and it was
early apparent that the island fisheries alone could not support the

natives of Afognak. It was further evident, after a few seasons had
passed, that the salmon runs would suffer serious depletion if the

original scale of operations was allowed to continue. Accordingly a

limit was placed on the number of fishermen, who were divided into

small gangs, to each of which certain fishing grounds were assigned.

Experience taught that where unnecessary numbers of fishermen con-

gregate at one place fishing is much more intensive. This evil was
easily corrected by limiting the number of men who might operate

at each place and by shortening the fishing season. Authority was
therefore given that not to exceed 55 natives were to be licensed to

fish in Afognak waters in 1920.

The issuance of licenses was placed in the hands of the superin-

tendent of the fish-cultural station at Afognak until July 10, when
William E. Baumann was put in charge of patrol work about the

island. He took over the licensing of fishermen for the remainder
of the season.

Fishing began May 11 and continued until September 9. Salmon
were taken at seven localities, the total catch being 125,538, all species

except kings being taken. This catch was sold to the Kadiak Fish-

eries Co., at Kodiak.
The following table shows the total take of salmon for commer-

cial uses in the Afognak Reservation

:

COMMEKCIAL CaTCII OF SALMON IN WATERS OF AFOGNAK RESERVATION IN 1920.

Locality.
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As compared with the catch in 1019, colios increased approxi-
mately IG.T per cent, humpbacks increased l()l.2 ])er cent, and reds
declined 50. i) per cent, ("hum salmon Averc taken in ne<^ligible (quan-

tities, while no kings were obtained.

ALEUTIAN ISLANDS RESERVATION.

The report in regard to }:)ermits for fishery operations in the
Aleutian Ishinds Ivcservation in 1919 stated that at the end of the
calendar year 1919 there were 20 permits remaining in eifect. Permit
No. 18, granted June 22, 1917, to Andrew C. Smith for salmon and
cod operations at IJnalaska Island, was canceled late in the year.

During 1920 the following ]HMmits were canceled: No. 21, granted
September 19, 1917, to Paul Buckley for whaling operations; No. 35,

granted November 6, 1918, to Samuel Applegate for commercial
fishery operations at I^mnak Island; and No. 41, granted September
6, 1919, to Lars Mikkelsen for cod operations on Unalaska, Akun,
and Tigalda Islands. These four permits were canceled u])()n re-

quest of the holders foi- reissuance in other names. Four additional
permits were granted during 1920, which Avith the IG remaining in

effect made a total of 20 outstanding at the end of the calendar
year 1920.

Permits ion Fishkry Operations in Aleutian Islands Kkservatiox Ckanted
During Calendar Year 1920.

No. Date. Grantee.

Apr. 9

Sept. 16

Oct. 11

Oct. 23

American Whale P.'-o-

ducts Co.
American Fishing &
Packing Co.

A. C. Goss

Bering Sea Fisheries Co.

Location and scope of operations.

Whaling plant. Udagak Bay, Unalaska Islands.

Biorki, Rootok, Avatanak, Ugamak, Unalga, and Unalaska
Islands. Cod stations.

Utniiak Island. Commercial fishery operations; erection of
salmon cannery prohibited.

Six locations on Unalaska Island, Akun Island, and Tigalda
Island. Cod stations.

Two permits were granted jointly b}^ the Departments of Agri-
culture and Commerce in connection with certain stock-raising and
mining activities within the reservation. Four grazing permits pre-

viously granted remained effective.

Joint Permits in Aleutian Islands Reservation Granted in Calendar Ye\r
192;0.

Date.

Jan.
Oct.

Grantee.

L. A. Lavigne
Alaska Sulphur Co.

Purpose and location.

To raise sheep and cattle on Unalga Island.
For construction of an aerial tramway for minmg operations on
Akun Island.

ANNETTE ISLAND FISHERY RESERVE.

By presidential proclamation of April 28, 1916, Annette Island
and neighboring small islands were made a fishery reserve for the
exclusive benefit of the Metlakatla Indians then living thereon, and
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for such other Indians of Alaska as might desire to establish their

homes in the reservation. The Bureau of Education, Department
of the Interior, administers the affairs of the reserve for the Indians
residing therein.

In 1918 fishing privileges in the reserve were leased to the Annette
Island Packing Co. under a five-year contract, which provided that the

company should pay to the Metlakatlans a royalty of 1 cent per fish for

all salmon taken by traps in the coastal waters of Annette Island and
a fee of $100 for each trap operated, and that all labor in connection

with the catching and canning of salmon, except that of a few skilled

mechanics, should be performed by the Indians. The company was
also to employ the Indians at all common labor required in the

maintenance and upkeep of the cannery. The season of 1920 was
the third year of operations by the company in accordance with the

terms of the contract.

Seven traps were operated by the company, for which a fee of $700
was paid. The catch of salmon by traps was 967,600, for which the

Indians received $9,676 ; contract labor in the cannery brought them
a return of $36,298.88, while payments for 75,268 salmon taken by
purse seines and for labor on buildings and docks, including material,

such as lumber and piling, further increased the income of the Met-
lakatlans by $24,391.86. The total disbursement of money to the

Indians by the Annette Island Packing Co. was $71,066.74, or

$18,966.14 'less than in 1919.

COPPER RIVER FISHERY.

The importance and peculiar geographical conditions of the Cop-
per River fishery again warrant special mention. In 1920 this

fisherv produced 946.452 salmon of all species as compared with a

catch 'of 1,307,401 in 1919 and of 869,350 in 1916, the year in which
the progenitors of the 1920 run made their appearance.

In all, nine packing companies took salmon from the Copper River
in 1920, eight of which carried on fishing in the delta district, while

one operated exclusively in the lake and canyon sections. Those
operating on the delta were the Canoe Pass Packing Co., Carlisle

Packing Co., Eyak River Packing Co., Alaska Sea Food Co., Hoonah
Packing Co., Pioneer Packing Co., Ilillery-Scott Co., and Hayes-
Graham Fish Co. The only operator in the up-river district was
F. H. Madden, who packed at the cannery formerly listed under the

name of the Abercrombie Packing Co. It is of interest also to record

that the Hayes-Graham Fish Co. operated a floating cannery on the

delta at the entrance to Pete Dahl Slough.
There were 46,000 fathoms of gill nets used in the delta fishery

and 4,227 fathoms in Miles Lake, a total of 50,427 fathoms for the

river as a whole. This is a decrease in nets at the delta of 18,800

fathoms, or approximately 28.8 per cent, and an increase at the lake

of 977 fathoms of nets, or approximately 30 per cent. Practically

no change in the number of dip nets was noted between 1919 and
1920.

The following table shows the catch of salmon by districts and
species during the five years from 1916 to 1920, inclusive

:
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Catch of Salmon in C(m>i'kk River from 191G to 1920, Inclusivk.

District and species.
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boats Swan and Terii were used in cruising the Yukon and some
tributaries. The report by Dr. Gilbert and Mr. O'Malley is pub-
lished in full elsewhere in this document.

In line with the recommendation in their report that all commer-
cial fishing in the Yukon be suspended, a public hearing was held in
Seattle, Wash., on November 23, 1920, to consider the advisability of
such action. Satisfactory information was presented at that hearing
in support of the opinion generally expressed that commercial fish-

ing for export could not be continued without seriously depleting the
runs of salmon and jeopardizing the lives of the native inhabitants
of the region and their indispensable dogs. Accordingly the Secre-
tary of Commerce issued an order on December 18, 1920, prohibiting
the taking of salmon for other than local use from the Yukon River,
its tributaries, and the waters within 500 yards of the mouth thereof
after August 31, 1921.

HATCHERIES.

EXTENT or OPERATIONS.

The two Federal salmon hatcheries in Alaska, one on McDonald
Lake, in the southeast district, and the other on Afognak Lake,
in the central district, were operated in 1920, except that at the
station first nnmed no eggs were collected during the year. In
addition, two private hatcheries were operated in southeast Alaska,
one a few miles from Loring, owned by the Alaska Packers Asso-
ciation, and the other at Quadra, owned by the Northwestern
Fisheries Co. All of these hatcheries were engaged chiefly in the
propagation of red salmon.
The Territorial Fish Commission of Alaska also operated a hatch-

ery at Juneau, the collection of eggs being made at two field stations,

one of which was on the mainland of Alaska, a few miles north of

Juneau, while the other was at Auk Cove, on the north shore of Ad-
miralty Island, about 25 miles southwest of Juneau.

Exclusive of the number collected by the Territorial commission,
the total take of red-salmon eggs by the Federal and privately owned
hatcheries hereinbefore mentioned was 99,990,000, or 19,070,000 less

than the number collected in 1919. This smaller collection is ac-

counted for by the total suspension of operations at the McDonald
Lake station, where important repairs to the plant were being made,
and also by the washout of retaining racks at the Afognak station

during the spawning season.

Operations of Federal and Private Hatcheries in Alaska in 1920.

Station.
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HATCHERY REBATES.

Under the law of 1900 for the protection and regulation of the fish-

eries of Alaska, the owners of privately operated hatclieries in

Alaska are exempt from the payment of all taxes and license fees

on their catch and pack of salmon at the rate of 40 cents per 1,(H)()

red or kin<r salmon fry liberated, which is c(|uivalent to the tax of
4 cents per case on 10 cases of canned salmon. This rebate is ob-

tained by the operators filinf*; with the clerk of the district court of

the judicial tlivision of Alaska in which the hatchery is located an
afKdavit showing:- the number of red and kino: salmon fr}' planted in

the waters of Alaska in the year covered by the aflidavit. The clerk

of the court then issues certificates to the owners of the hatcheries

for the number of fry liberated, and these in turn are accepted by the
Government in payment of taxes and licenses as aforesaid.

Eebates due private hatchery operators are shown in the following
table

:

Rebates Cheuitei) to Pkivate Saljion Hatcheries DnuNc. Fiscae Yeak Ended
.June 30, 1920.

Owner.
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spawned salmon, thus materialy affecting the possible take of eggs.

The rim of salmon was reported as being equal to that of 1919, or

sufficient to have yielded a quantity of eggs far in excess of the

capacity of the hatchery.

FOKTMANN,

The Alaska Packers Association operated the hatchery at Heck-
man Lake, on Revillagigedo Island, as heretofore. In 1919 a collec-

tion of 18,420,000 red-salmon eggs was made, from which 17,070,000

fry were hatched and planted in the Naha stream system. The loss

during incubation was 1,350,000, or approximately 7.3 per cent.

Egg collecting in 1920 began September 4 and ended November 11.

In that time 18,240,000 red-salmon eggs were obtained. In addition

360,000 humpback-salmon eggs were also taken.

QUADRA.

The Quadra hatchery on Hugh Smith Lake is owned by the North-
western Fisheries Co. Out of the 11,710,000 red-salmon eggs taken

in 1919, there were hatched and liberated 11,357,000 fry. the loss

being 353,000, or 3 per cent.

Egg taking in 1920 began August 5 and ended October 28, resulting

in a collection of 19,450,000, an increase of more than 71 per cent over

1919.

The Alaska Territorial Fish Commission operates a hatchery in a

rented building at Juneau. The plant appears to be modern and is

equipped with concrete troughs. No ponds, however, are available

for rearing purposes. The commission began this work in 1919, and
in 1920 the capacity of the hatchery was enlarged to handle 10,000,000

salmon eggs.

In 1919 the commission reported the collection of salmon eggs as

follows: Cohos, 10,540,000; chums, 3,425,000; and humpback, 890,-

000—a total of 14,855,000. Of the resulting product, 6,815,000 were
distributed as eyed eggs and 5,250,000 as fertilized eggs, while 2,110,-

000 were distributed as fry. The loss in eyeing and hatching was
680,000. The distributions occurred in waters on Admiralty and
Baranof Islands and streams on the mainland in the Juneau region.

In 1920 the commission reported a collection of 17,020,000 salmon
eggs, of which 6,460,000 were cohos, 5,250,000 chums, 4,640,000 hump-
backs, and 670,000 reds. Of these, irrespective of species, 4.885,000

were planted as eyed eggs, 6,500,000 as fertilized eggs, and 2,919,000

were distributed as fry. The loss of eggs held through the period

of incubation was 846,000, or a little more than 8 per cent. By
species, these distributions were cohos, 5,730,000; chums, 5,000,000;

humpbacks, 3,410,000; and reds, 134,000. The fry remaining in the

hatchery totaled 1,900,000.

GENERAL STATISTICS OF THE FISHERIES IN 1920.

The total investment in the fisheries of Alaska in 1920 was $70,-

986,221, or $3,195,339 less than in 1919. Approximately 89 per cent
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of this amount was iinosted in the salmon industry. Employment
was given to 27,48'2 jiersons or l,()r)'2 less than in 1919. The total

value of the products in 1920 was $41,492,124. a decrease of $8,789,-

940, or approximately 17^ per cent. The important factor in this

reduced production was the smaller pack of salmon in southeast
Alaska.

SUMMABY OF INVESTMENTS IN THE FISHERIES OF ALASKA IN 1920.

Industries.

Salmon panning
Salmon mild-euring.
Salmon pickling
Salmon dry salting.

.

Salmon by-products.
Halibut fishery

Herring fishery
Cod fisliery

Whale fishery
Crali fishery
Shrimp flsliery ,

375, 127

,270,722
443,346

Total 34,078,784

535,709
550

76, 100

Central
Alaska.

S14,058,952

500

949,006
1,639,453

88,904
200

16,737,075

Western
Alaska.

$18,337,977

288,321
45, 232

4,260
418,275

1,076,297

20,170,362

Total.

$62, 550,727
213, 632
298, 081
45,232

375, 127
270, 722
390,012
057, 728
700, 910

750
76, 100

70,986,221

Summary of Persons Engaged in the Fisheries of Alaska in 1920.

Races.

Whites
Natives
Chinese
Japanese
Filipinos
Mexicans
Negroes
Miscellaneous

Total..

-

Southeast
Alaska.

6,629
2,442
1,115
1,071
802
278
24
184

Central
Alaska.

12.605

3,()48

874
503
273
358
174
53
19

5,962

Western
Alaska.

5,775
417
691
101

307
1,227
230
107

8,915

Total.

10,052
3,733
2, 309
1,445
1,587
1,079
307
310

27,482

SUMMARY' OF PRODUCTS OF THE ALASKAN FISHERIES IN 1920.

Products. Quantity. Value.

Salmon:
Canned cases.
Mild-cured pounds.
Pickled do. .

.

Frozen do. .

.

Fresh do. .

.

Dry salted do. .

.

Dried and smoked do. .

.

By-products, oil gallons.
By-products, fertilizer pounds.

Halibut:
Fresh do. .

.

Frozen do. .

.

Canned do. .

.

Herring:
Canned, 1-pound cans cases.
Fresh for food pounds.
Fresh for bait do, .

.

Frozen for bait do...
Pickled, Scotch cure do. .

.

Pickled, spiced do...
Pickled, Norwegian cure do. .

.

Fertilizer do. .

.

Oil gallons.

4,429,463
1,857,800
964,400

1,916,595
3, 248, 081

224,840
20,000
39, 052

1,778,000

7, 506, 763
7,788,017

720

3,602
2,400

1,559,100
2, 525, 700
8,223,490

8,000
344, 619

6,078,000
681,067

$35,602,800
364,219
104, 873
161, 143
263,264
37,535
3,2St)

16, 370
88,382

1,034,380
692, 343

75

28,980
105

21,167
20, 027

490, 485
400

22, 199
310, 161

404,090
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Summary of I'koducts of the Alaskan Fisheries in 1920—Continued.

Products.

Cod:
Dry salted pounds.

,

Pickled do
Fresh do
Stockfish do
Tongues do

Whales:
Oil gallons.

.

Sperm oil do
Fertilizer, meat pounds.

.

FertiUzer, bone do
Bone do
Ivory do. . .

.

Clams cases..
Trout:

Canned do
Fresh and frozen pounds.

.

Pickled do. . .

.

Sableflsh do
Crabs:

Canned cases..
Fresh pounds.

.

Shrimps do
Miscellaneous fresh flsli do

Total 1 41, 492, 124

Quantity. Value.

10,837,321
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trict in 1920 has been exceeded but once, and then in 1918, wlien the

necessities ol" war seemed to demand the hir^est j^ossible output.

Kesults in the Bi'istol Bay district of western Ahiska show an
improvement over 1919. To a huge extent the increased pack was
due to a much hirger run of salmon in the Port Moller region than
for several years. The pack in other parts of western Alaska, j^ar-

ticularly the Yukon and Kuskokwim Rivers, was less than in 1919.

SALMON CATCH AND FORMS OF GEAR.

Approximately 99 per cent of the commercial catch of salmon in

Alaska in 19'2() was made by seines, gill nets, and pound nets, while
less than 1 per cent was taken Avith dip nets, lines, and wheels. Rec-
ords show that 712 seines were used in 1920, the total length of which
was 117,111 fathoms. This is 88 less than the number operated in

1919, and a decrease of 20,173 fathoms in the total length of seines.

Of the number used, southeast Alaska w^as credited with 510, central

Alaska with 189, and western Alaska with 13. There were 88,013

fathoms of seine webbing used in southeast Alaska, and the average
length of each seine was 172 fathoms; in central Alaska 25,698

fathoms were used, the average per seine being 136 fathoms; in

western Alaska 3,*400 fathoms were operated, with an average of 261

fathoms per seine.

Statistics show that 4,597 gill nets, having a total length of 475,214

fathoms, were used in the salmon fisheries of Alaska in 1920. Of this

number, 351 nets, or 41,780 fathoms of webbing, were used in south-

east Alaska ; 1,469 nets, or 89,217 fathoms, were used in central

Alaska; and 2,777 nets, or 344,217 fathoms, were operated in western

Alaska. This is an increase of 477 gill nets, or 15,277 fathoms, over

the number used in 1919, when 4,120 nets, or 459,937 fathoms of

webbing, were operated.
Statistics also show that 653 pound nets were operated in the

salmon industry in 1920, as compared with 630 in 1919. There were
445 driven traps, a decrease of 39, and 208 floating traps, an increase

of 62. Southeast Alaska leads with 287 driven traps, 14 less than in

1919, and 197 floating traps, an increase of 54 over the number used

in the preceding season ; central Alaska had 150 driven and 11 float-

ing traps, which was, respectively, 22 less and 8 more than the

number used in 1919; western Alaska had 8 driven traps, or 3 less

than in 1919. The rapidly increasing use of floating traps in south-

east and central Alaska and the decreasing use of pile traps in all

districts are noteworthy developments of the yenv.

Considering Alaska as a whole, the number of fathoms of seines

used in 1920 was approximately 15 per cent less than in 1919; there

was an increase of 3 per cent in the number of fathoms of gill nets

and 3| per cent increase in the number of pound nets operated in 1920

over that of 1919.

Of the total catch of galmon in 1920, seines took 265 per cent, gill

nets approximately 20 per cent, and pound nets approximately 53 per

cent. In 1919 the catch by apparatus was: Seines 36 per cent, gill

nets 19 per cent, and pound nets 42 per cent. The change in 1920 was
a decrease in catch by seines of 9^^ per cent and an increase by gill

nets of 1 per cent and by pound nets of 11 per cent. The following
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table shows the proportionate catch by districts according to the
principal kinds of apparatus:

Percentage of Salmon Caught in Each Alaska District, by Principal
Forms of Apparatus.
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Salmon Taken in 1!)20, isy Apparatus and Species, for Each Geogbaphic
Section of Alaska—Continued.

Apparatus and species.

Dip nets:
Coho, or silver..

King, or spring.

Red, or sockeye

Total

Wheels: Chum, or keta.

Total:
Coho, or silver

Chiun, or keta
Humpback, or pink.
King, or spring
Red, or sockeye

Grand total

.

Southeast
Alaska.

33,096,640

Central
Alaska.

15, 202
5,660

112,415

133, 277

676, 255

1, 477, 601

9, 983, 067

78, 717

7, 358, 692

19, 574, 332

Westcru
Alaska.

169, 295
627, 202

1, 204, 249
209, 325

10, 199, 496

12, 409, 567

Total.

1.^, 202
5, mo

112,415

133, 277

65, 080, 539

SALMON CANNING.

CHANGES IN CANNERIES.

Three changes occurred in the ownership of canneries in Alaska

in 1920. The plant of tlie Tee Harbor Packing Co., at Tee Harbor,

w^as purchased b}^ the Ahiska Pacific Fisheries; the Paylof Harbor
Packing Co. acquired the cannery of the ALaska Packing & Navi-

gation Co. at Pavlof Harbor; the Tenakee Fisheries Co. trans-

ferred its phxnt at Tenakee to the Standard Salmon Packers (Inc.)
;

and the Sockeye Salmon Co. leased its cannery on Isanotski Strait

to P. E. Harris & Co. The Everett Packing "Co. operated its can-

nery at Herendeen Bay in the interest of the Herendeen Bay Con-

solidated Canneries. The Thlinket Packing Co. changed its name
to the Thlinket Packing Corporation.

NEW CANNERIES.*

There were 16 new salmon canneries in Alaska in 1920, 8 of which
were opened and operated in southeast Alaska.

In the central district seven new^ canneries were operated in 1920.

In western Alaska one new cannery, which had been constructed

by the Alaska Packers Association in 1919, was put in operation

in 1920.

In addition to these plants Robert J. Peratovich put up a small

pack by hand at Bayview. Prince of AVales Island, and W. J. O'Con-

nor packed a few cases on the Yukon River delta.

CANNERIES NOT OPERATED.

There were 10 idle canneries in Alaska in 1920, of which 5 were

in southeast Alaska. 2 in central, and 3 in western Alaska. The
cannery of the Fidalgo Island Packing Co., at Herendeen Bay, was

1 New canneries are indicated by an asterisk (*) in the table on page 50.

54777 °—21 4
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dismantled and will not be operated again. The inactive plants

were owned and located as follows

:

Alaska Fish Co Waterfall.

Cape Fansliaw Fish & Packing Co. (Inc.) Cape Fanshaw.
Columbia Salmon Co Craig.

Southern Alaska Canning Co Quadra Bay.

I

Hunter Bay.
Orca.
Seldovia.

Nelson Lagoon Packing Co Nelson Lagoon.
Phoenix Packing Co Herendeen Bay.

Midnight Sun Packing Co Kotzebue Sound.

TOTAL CANNERIES OPERATED.

There were 146 salmon canneries operated in Alaska in 1920, as

compared with 1-34 in 1919, of which 82 were located in southeast

Alaska, 36 in central Alaska, and 28 in western Alaska. This is an
increase of six in both the southeastern and central districts, while

the number in western Alaska remains unchanged.

Companies Canning Salmon in Alaska, Number and Location of Canneries
Operated, and Number of Pound Nets Owned by Each, 1920.

[New canneries indicated by (*).]

Company.

Canneries.

Niun-
ber.

Location.

Pound
nets.

Southeast Alaska:
Ainsworth-Dunn Co
Alaska Herring & Sardine Co.

Alaska Pacific Fisheries

Alaska Packers Association

Alaska Salmon & Herring Packers.

Alaska Sanitary Packing Co

Alaska Union Fisheries (Inc.)

American Packing Co

Anacortes Fisheries Co

Annette Island Packing Co
Astoria & Puget Sound Canning Co
Auk Bay Salmon Canning Co
Baranof Packing Co
F. C. Barnes Co
Beauclaire Packing Co
Beegle Packing Co
Burnett Inlet Packing Co
Cape Flattery Fisheries Co
John L. Carlson & Co
Chilkat Packing Co
Columbia Salmon Co

Deep Sea Salmon Co

Douglas Island Packing Co

Fidalgo Island Packing Co

George Inlet Packing Co
Haines Packing Co
P. E. Harris & Co

Hidden Inlet Canning Co

Hood Bay Packing Co

1 Seventeen floating.
2 Four floating.
8 Three floating

Floating*
Port Walter
(Chomley
<Tee Harbor
lYesBay
jLoring
\Wrangell
Tyee
fCape Fanshaw
\Wrangell
Port Conclusion *.

Juneau
/Kasaan
\Shakan
Metlakatla
Excursion Inlet . .

.

Auk Bay
Red Bluff Bay....
Lake Bay
Port Beauclerc
Ketchikan
Burnett Inlet
Floating *

Auk Bay
Haines *

Tenakee Inlet
/Ford Arm
\Port Althorp
Douglas
/Ketchikan
\PiUarBay
George Inlet
Letinkof Cove
Hawk Inlet
/Hidden Inlet
\HoodBay
Hood Bay

< Eight floating.
5 Six floalmg.
6 Seven floating.

' One floating.
8 Two floating.

9 All floating.
1° Nine floating.

120

3 16

5 11
68

^ 2
'8
3
7

3 12

6

1

2
85
96

95
9 1

88
98

9 25

7 12

10 19
35
4
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Companies Canning Salmon in Alaska, Number and Location of Canneries
Operated, and Number of Pound Nets Owned by Each, 1920—Continued.

Company.

Southeast Alaska—Continued.

Hoonah Packing Co

0. W. Hume Co

Karheen Parking Co
Ketchikan Packing Co

Libby, McNeill & Libby

Marathon Fisliing I'w: Packing Co
Mount Baker Packing Co
Mountain l^oint Packing Co
Mutual Packing Co
Geo. T. Myers & Co
Northern Packing Co. (Inc.)
North Pacific Trading & Packing Co.

Northwestern Fisheries Co

Noyes Island Packing Co
Olympic Fisheries Co
Pacific American Fisheries
Pavlof Harbor Packing Co

Petersburg Packing Corporation.

Point Warde Packing Co
PureFood Fish Co
Pybus Bay Fish & Packing Co.

.

Pyramid Packing Co
Revilla Packing Co
Sanborn-Cutting Co
Sitka Packing Co
J. L. Smiley & Co

Southern Alaska Canning Co

Standard Salmon Packers (Inc.).

Starr Collinson Packing Co
Straits Packing Co
E. R. Strand
Sunny Point Packing Co
Swift Arthur Crosby Co
ThUnket Packing Corporation . .

.

Todd Packing Co
Union Bay Fisheries Co
Ward's Cove Packing Co

Central Alaska:

Alaska Packers Association

Alaska Sea Food Co
Alitak I'acking Co
Arctic l^acking Co
Baiubridge Fisheries Co
Canoe i'ass I'acking Co
Carlisle l^acking Co
Central .Vlaska Fisheries

Columbia River Packers' Association.
Copper River Packing Co
Eyak River Packing Co
Fidalgo Island Packing Co
P. E. Harris & Co
Hayes-Graham Fish Co
Hillery-Scott Co
Hoonah Packing Co
Kadiak Fisheries Co
Kenai Packing Co
King Salmon Fisheries Co
Libby, McNeill & Libby
F. H. Madden
Moore Packing Co

Canneries.

Num-
ber.

Location.

iGambierBay
Hoonah
Nakat Harbor ,

Scow Bay
Karheen ,

Ketchikan ,

(Taku Harbor
\Yakutat
Cape Fanshaw
Floating*
Wrangell Narrows.
Floating *

Chatham
.luneau ,

Klawak ,

IDundas Bay ,

Quadra ,

Roe Point
Santa Ana
Steamboat Bay
Floating ."

Excursion Inlet
Pavlof Harbor.
fPeter.sburg ,

\Washington Bay. .

,

Point AVarde ,

Ketchikan
Pybus Bay
Sitka
Ketchikan *

,

Kake
Sitka
Ketchikan ,

Big Port Walter. . ,

Rose Inlet ,

Tenakee Inlet ,

Moira Sound
Skowl Arm
W'rangell Narrows'
Ketchikan
Heceta Island
Funter Bay
Todd
Union Bay
Ward Cove

I

Alitak
Chignik
Kasilof
Larsen Bay
Point Whitshed.
Lazy Bay
English Bay*..
Evans Island *.

.

Shepard Point .

.

Cordova
Drier Bay*
Chignik
McClure Bay
Eyak River
Port Graham . .

.

Isanotski Strait.
Floating*
Cordova
Bering River
Kodiak
Drier Bay
Unakwik Inlet*.

Kenai
Abercrombie
Orca Inlet

Pound
nets.

1 One floating.
2 Five floating.

^ All floating.
* Four floating.

6 Six floating.
5 Three floating.

' Two floating.
' Twelve floating.

»15
2 13

6
3

< 10

31

7
<7

6 13

6 13
«9

68

5 10

32

»3
8 21
'5
5
3

16
4
14

' 4
4
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Companies Canning Salmon in Alaska, Number and Location of Canneries
OPEasATED, AND NUMBER OF PouND NETS OwNED BY EACH, 1920—Continued.

Company. Num-
ber.

Canneries.

Location.

Pound
nets.

Central Alaska—Continued.

Northwestern Fisheries Co

Pacific American Fisheries

Pioneer Packing Co
San Juan Fishing & Packing Co
Shumagin Packmg Co
Surf Pacldng Co
Valdez Packing Co
Seldovia Canning Co

Western Alaska:

Alaska Packers Association

Alaska-Portland Packers' Association

Alaska Salmon Co
Bristol Bay Packing Co
Carlisle Packing Co
Columbia River Packers' Association.
Everett Packing Co

Libby, McNeill & Libby

Naknek Packing Co

Northwestern Fisheries Co

Pacific American Fisheries

Red Salmon Canning Co

(Chignik
\ Kenai
lUyak
flkatan
\King Cove
Cordova
Seward
Squaw Harbor*.
Chisik Island . .

.

Valdez
Seldovia*

Kvichak River (2) .

.

Naknek River (3). .

.

Nushagak River (2).

Ugaguk River
Ugashik River*
(Naknek
\Nushagak Bay
Wood River
Kvichak River
Kwiguk Slough
Nushagak Bay
Herendeen Bay
Ekuk
Kvichak Bay
Libbyville

Lockanok
Nushagak
Ugaguk River
Naknek River
TNaknek River
\Nushagak
Port MoUer

I Naknek River
\Ugashik River

7

9
7
2

6
2

1.5

3

lOne floating.

LOSSES AND DISASTERS IN THE SALMON-CANNING INDUSTRY.

The loss of property by those interested in the salmon industry of
Alaska in 1920 was unusually heavy. Four disastrous fires occurred
in the southeastern district. The first fire occurred on May 25,

before canning^ had commenced, and it destroyed the cannery of
the Mountain Point Packing Co., on Wrangell Narrows, which with
the machinery, fishing gear, and floating equipment was valued at

$60,998, The plant was not rebuilt during the season.

The other three fires occurred in August, and entailed considerably

heavier losses, being the cause of the destruction of much larger

plants at each of which several thousand cases of salmon had been
packed and were stored. All of these canneries were located in the

southern part of the southeastern district, and were burned in the

same month.
The cannery of the Straits Packing Co., at Skowl Arm, including

warehouse and equipment, fishing gear in stock, all other stock, and
4,000 cases of canned salmon, was burned on August 6. The total

loss was reported as being $150,000,
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On August 20 practically the entire plant of the Hidden Inlet

Canning Co. at Hidden Inlet was destroyed by fire, entailing a loss

in buildings, supplies, equipment, and canned salmon of $217,828.

The burning of the Nakat Inlet cannery of the (J. W. Hume Co.
occurred on August 28. Buildings and fishing gear valued at

$75,000 were lost.

The Chinese quarters at the Roe Point cannery of the Northwest-
ern Fisheries Co. were burned, at a loss of $4,635.

The vessel losses in southeastern Alaska aggregated $35,660, chief

of which was that of the barge Dashing Wave, owned by Libby, Mc-
Neill & Libby, and valued at $15,000.

A rather heavy loss of fishing apparatus was also reported, which
in the aggregate was valued at $80,288. Of this amount, $67,238
represented the value of traps that were destroyed.

Property losses in central Alaska amounted to $22,544, the major
part of which consisted of fishing apparatus. In western Alaska
losses of property having a total value of $126,966 were reported, of

which $88,802 was charged under vessels and floating equipment,
$31,664 to fishing apparatus, and $6,500 to buildings and wharves.
The notable item in these losses was that of the ship Chas. E. Moody,
owned by the Northwestern Fisheries Co., and valued at $80,000.

In 1920 the total loss of property in the salmon industry through-
out Alaska was reported as $773,914, of which approximately 81

per cent was sustained by operators in the southeastern district.

The loss of life in this industry was considerably greater than in

1919. In southeastern Alaska 1 fisherman, 3 shoresmen, and 1 trans-

porter met accidental death; in central Alaska 2 shoresmen and 1

transporter were killed and 2 transporters w^ere drowned; in western
Alaska 11 fishermen and 2 shoresmen were drow^ied and 2 shoresmen
were killed.

STATISTICS.

There were operated in Alaska in 1920 a total of 146 salmon can-

neries, 12 more than in 1919. Several of them were small floating

plants. The investment in the salmon-canning industry was $62,-

550,727, a decrease of $3,944,444. There as a decline of $3,588,093

in southeast Alaska and $1,517,356 in western Alaska. In central

Alaska the investment increased $1,161,005.

The canning industry gave employment to 24,423 persons, or 1,076

less than in 1919. Whites decreased 345, natives 126, Chinese 401,

Japanese 39, and Mexicans 214. Filipinos increased 10, and miscel-

laneous, including Negroes, 39.

The pack of canned salmon was 4,429,463 cases, valued at $35,-

602,800, a decrease of 154,225 cases in the pack and of $7,662,549 in

value of the products of 1920 as compared with those of 1919. This
is a decline of approximately 3^ per cent in production and 17f per
cent in value from 1919. These decreases in quantity and value of

products are directly and entirely due to the smaller pack in south-

east Alaska, as in both the other districts the pack was larger than
in 1919. A comparison of the pack in 1920 with that in 1919, by
districts, shows that southeast Alaska dropped from 3,119,260 cases

to 2,225,011, a decrease of 894,249 cases; central Alaska increased

from 771,907 to 1,337,448, a gain of 565,541 cases; and western Alaska
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increased from 692,521 to 867,004, an advance of 174,483 cases. A
further comparison of the pack by species for 1919 and 1920 in

Alasl<:a as a whole shows that cohos decreased from 232,870 to 192,085

cases, a decline of 40,785 cases; chums decreased from 1,365,563 to

1,033,517, a drop of 332,046 cases; humpbacks decreased from 1,611,-

608 to 1,593,120, a drop of 18,488 cases ; kings increased from 95,986

to 110,003, a gain of 14,017 cases; and reds advanced from 1,277,661

to 1,500,738, a gain of 223,077 cases.

Investment in the Salmon-Canning Industry in 1920.

Item.
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Pebsons ENciAGKD IN THE Salmon-Canning INDUSTRY IN 1920—Coiitiuued.

Occupations and races.
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Output of Canned Salmon in Alaska, 1914 to 1920/

Product.

Coho, or silver:

i-poiuid flat,

i-pound flat.

1-pound tall.

Total

Chum, or keta:
J-pouiid flat.

1-pound flat

.

1-poimd tall.

Total

1914

Cases.
4,579

285
152, 199

157, 063

373
5,568

657, 918

1915

Cases
2,050
2,338

119, 880

124, 268

317
479, 629

1916

Cases.

13, 145

8,191
240, 573

261, 909

1,423

"722,'692

663, 859

Humpback, or pink:
4-pound flat

1-pound flat.

2, 103

9,286
1-pound tall

;
974, 660

Total
!

986,049

King, or spring:
i-poimd flat.

i-pound flat.

1-poiuid tall.

Total

Red, or sockeye:
J-pound flat

1-pound flat

1-pound tall

Impound nominals

.

2-pound nominals .

.

Total

Grand total.

3,143
4,804

40, 092

48, 039

2, 201, 643

4, 056, 653

479,946 724,115

4,325
3,508

1, 867, 683

1, 875, 516

2,404
3,755

82, 092

88, 251

52, 033
112, 847

1, 765, 139
2,293

1, 932, 312

4, 500, 293

41, 491

14, 796

1, 681, 506

1, 737, 793

2,617
3,804

59, 452

1917

Cases.

30, 412
362

162, 457

193, 231

26, 760
2,530

877, 457

906, 747

1918

26, 238
12,786

179, 934

218, 958

1919

9,719
10, 438

212, 713

232, 870

3,559
2,996

1,358,4051,361,582

1, 364, 960 1, 365, 563

1920 Total.

Cases.
I

Cases.
8,915 95,058
10,746

172, 424

192, 085

53
46, 167

987, 297

45, 146

1, 240, 180

1, 380, 384

36, 149

57, 578
6, 444, 980

1,033, 517 1 6,538,707

91, 403
6,014

2, 199, 559

2, 296, 976

12, 973
5,133

43,845

65,873, 61,951

81, 565 124, 309
86, 3951 89, 612

1,936,9712,274,460

6,006.

2, 110, 9372, 488, 381

63, 557| 28, 185

20, 2151 7, 553

2,355,1821,575,870

2, 438, 954 1, 611, 60S

6,000
5,267

37, 959

49, 226

137, 008
151, 864

2, 244, 865

2, 533, 737

4, 900, 627 5, 947, 286 6, 605, 835

7,584
11,532
76, 870

95, 986

1, 277, C61

4, 583, 688

18, 970
76, 017

1, 498, 133

250, 034
137, 389

12, 152, 593

1, 593, 120 12, 540, 016

10, 196

18, 319
81, 488

110, 003

101, 716
120, 147

1, 278, 875

1, 500, 738

4, 429, 463

44,917
52, 614

421, 798

672, 692
736, 027

12, 628, 391

2,293
6,006

14, 045, 409

35, 023, 845

iThQ number of cases shown has been put upon the common basis of 48 1-pound cans per ease.

Average Annual Price Per Case or Forty-eight 1-Pound Cans of Salmon,
1910 to 1920.

Product.
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II. H. Tlioiiipsoii KH ell i kail.

Karl Haiiseii Port Alexander.

("arlislo Tacking Co Yukon River.

The total investment in the mild-cure salmon industry was
$213,632. P^mployment was ^iven to 357 persons. The mild-cure

products were 2,295 tierces of king salmon, valued at $364,219, of

which 2,120 tierces were prepared in southeastern Alaska, 26 in

central, and 149 in the western district.

Investment, Persons Engaged, and Pkoducts ok Alaska Salmon Mild-Cukino
iNDTTSmY IN 1920.

Items.
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Shiimagin Packing: Co. changed to the canning business, while the
UniA^ersal By-Products Co. did not operate. Western Alaska pro-
duced 85 per cent of the pack of pickled salmon in 1920, the most
conspicuous operators being Libby, McNeill & Libby, Bering Sea
Salmon Packing Co., Golden Gate Salmon Co., Peter M. Nelson, and
Alaska Salmon Co.

Statistics regarding the salmon-pickling industry in 1920 appear
in the followins: table

:

Investment, Persons Engaged, and Products of Alaska Salmon-Pickling
Industry in 1920.

Items.
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pounds, valued at $161,143, an increase of 364,115 pounds in produc-
tion and $3().78S in value over correspond inji; <|uantities and values
for 1919. This business represents no investment as distin<i;uishablc

from that of the major activities of the companies concerned.
The output of frozen salmon was prepared by the following com-

panies: Libby, McNeill & Libby, Sunny Point Packing Co., Na-
tional Independent Fisheries Co., New England Fish Co., San Juan
Fishing & Packing Co., and Booth Fisheries Co.

Quantity and Value of Salmon Feozkn in Alaska in 1920, by Species.

Species.
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DRY SALTING OF SALMON,

The Kuskokwim Salmon Co., wliich was formed as a consolidation
of the interests of the Kuskokwim Fishing & Transportation Co. and
the Northern Fisheries (Inc.), on the Kuskokwim River, was engaged
in the packing of dry-salted salmon in Alaska in 1920. The invest-

ment in miscellaneous supplies, small boats, fishing apparatus, and
wages amounted to $45,232. Employment was given to 28 whites
and 15 natives. The products were as follows

:

Products of the Dey-Salting Salmon Business in Alaska in 1920.

Species.
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Walter; John L. Carlson & Co., at Auk Bay; Hoonah Packinf^ Co.,
at Hoonah ; and the Pacific American Fisheries, at Excursion Inlet
and Ikatan.
The investment in this industry amounted to $375,127. Employ-

ment was given to 90 whites. 23 natives, 13 Mexicans, and 13 others,
or a total of 139 men.
In 1920 there were produced as salmon bv-proihicts 889 tons of

fertilizer, valued at $88,382, and 39,052 gallons of oil, valued at
$16,370. The total value of those products was $104,752, an increase
of $85,106 over the value of similar products in 1919.

HALIBUT FISHERY.

Halibut are taken on banks of the Xorth Pacific Ocean by vessels
from ports of Washington, British Columbia, and Alaska. Ameri-
can vessels deliver their fares indiscriminately in those regions,
controlling factors in the selection of a port oi' delivery being the
market price of halibut and the cost of supplies. As the bulk of the
catch of halibut in 1920 from Pacific waters was made on the high
seas, beyond the jurisdiction of any country, Alaska is credited only
with so much of the catch as was landed at her ports. Ordinarily
this apportionment of the catch would tend to reduce the amount
shown as the product of Alaska, for in recent years there was a
marked diversion of fares to the more southerly ports, but in 1920
this condition was not so evident, there being a notable increase in the
quantity of halibut handled through Alaskan ports. Deliveries in
1920 exceeded those of 1919 by 1,016,709 pounds.

STATISTICAL SUMMARY.

In arriving at the investment in the halibut industry as credited
to Alaska an estimate was made of the value of all vessels, including
apparatus, which made one or more landings of fares at ports in
Alaska. In the same manner an estimate was made of the number
of persons emploj^ed in this industry. On this basis the investment
is given as $2,270,722, an increase of $291,265. The number of per-
sons employed in the halibut fisherv was 768, as against 867 in 1919.

The production in 1920 was 15,295^500 pounds, valued at $1,726,798,
as compared with 14,278,791 pounds, valued at $1,550,605, in 1919.

The companies which handled the bulk of the halibut exported
from Alaska were the National Independent Fisheries Co., at »Tuneau
and Ketchikan; Jack Bailey. Pacific Sea Products Association
(Inc.). Xew England Fish Co., and the Ripley Fish Co., at Ketchi-
kan; San Juan Fishing & Packing Co.. at Seward and Ketchikan;
and the Booth Fisheries Co., at Sitka.
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Investment, Persons Engaged, and Products of Alaska Halibut Fishery
IN 1920.

Item.
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INVKSTMENT, PERSONS EnGAGKO, AND PRODUCTS OF ALASKA HeRRING FlSHKKY
IN 1920.
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shown under the name of Lars Mikkelsen. Operations by the Pacific

American Fisheries in the vicinity of Unimak Island and W. J.

Erskine Co. in the Kodiak region account largely for the increased

production of cod in 1920 over that of 1919. It is noteworthy that

approximately 28 per cent of the cod taken in Alaskan waters was
reported as of shore-station catch. Generally the smaller producers

of cod are the operators of shore stations only.

The Alaska cod industry is facing a decline of serious proportions

in view of the active competition which has developed rather re-

cently through deliveries of cod by Japanese vessels. Under present

conditions this competition bids fair to increase to the great dis-

advantage of the Alaska cod industry.

\'ESSEL FISHERY.

Owing to the withdrawal of J. A. Matheson, the schooner Fanny
Dutard does not appear in the list of vessels forming the cod fleet of

1920. The ('has. R. Wilson, a schooner heretofore listed as one of

the vessels of the Pacific Coast Codfish Co., was also withdrawn
from the Alaska field. Offsetting these withdrawals ate two notable

additions to the list of vessels in the fleet of 1920. One was that of

the schooner S. N. Castle, belonging to the Alaska Codfish Co.. and
the other that of the schooner Carolyn Frances, owned by the Union
Fish Co., which company further increased its fleet by adding the

schooners Eunice, Mary E, Chas. E. Brown, and the power schooner

Progress. The W. J. Erskine Co. reported nine small vessels engaged
in cod fishing at Kodiak, two of which were listed in 1919. The
Alaska Codfish Co. added the Alasco IV to its fleet of small power
vessels in Alaska.
The fleet in 1920 was composed of 36 vessels, 16 of which were

schooners of more than 100 tons register. This is an increase of 11

over the number listed in 1919. The total tonnage of the fleet in 1920

was 5,171 net tons, as compared with 4,234 net tons in 1919.

SHORE STATIONS.

The important shore stations of Alaska were operated and located

as follows: O. Kraft & Son at Kodiak; the Union Fish Co. and the

Alaska Codfish Co. at several stations in the Shumagin and Sanak
Islands ; the Bering Sea Fisheries Co. at Unga ; and four stations in

the Aleutian Islands Reservation.

Alaska Cod Fleet in 1920.

Name.
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Alaska Cod Fleet in 1920—Continued.
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The known losses in the cod industry were comparatively small.

Three fishermen were drowned and one shoresman was accidentally
killed. The loss of small boats and fishing tackle, valued at $10,461,

and the loss of the steamer Dora,, owned by the Bering Sea Fisheries
Co., and valued at $50,000, were reported. The Dora was Avrecked
on December 20, 1920, at Hardy Bay, on the northeast coast of Van-
couver Island, B. C, and thus, after 40 years of almost continuous
service, at times under very trying conditions, there was lost the most
historic vessel plying Alaskan waters.

WHALE FISHERY.

SHORE STATIONS.

Whaling operations in Alaska in 1920 were carried on by four com-
panies, namely, United States Whaling Co., at Port Armstrong;
North Pacific Sea Products Co., at Akutan; J. A. Magill & Co., at

Beluga River, on Cook Inlet ; and the Arctic Whaling & Fishing Co.,

at Golovin Bay.
The North Pacific Sea Products Co. operated four steam whaling

vessels, the Kodiak and Uniinak (each 99 tons net), Tanginak (71
tons net), and the Paterson (77 tons net). It also used the barge
Fresno (1,149 tons net) and the steamer Elihu Thomson (449 tons

net) as transporting vessels. Its operations were carried on in the
waters of the Pacific Ocean and Bering Sea contiguous to the Aleu-
tian Islands. Four species of whales were taken—the finback, hump-
back, sulphur-bottom, and sperm—almost half of the catch being
finbacks. A total of 290 whales was taken by this company.
The United States Whaling Co. operated in the coastal waters of

southeastern Alaska from Dixon Entrance to Cross Sound, the impor-
tant hunting ground paralleling the coast at an approximate distance
of 25 miles. Three steam whaling vessels were engaged in the hunt-
ing of whales. They were Star I (133 tons net) and Star II and
Star III (each 97 tons net). A total of 139 whales was taken. Five
species were represented, the sei whale being secured in addition to

the four species taken in western Alaska.
J. A. Magill & Co. operated the plant on Beluga River, formerly

controlled by the Beluga Whaling Co. This company captured 100

belugas or white whales, this being by far the most successful season

experienced at that station.

The Arctic Whaling & Fishing Co. operated in the vicinity of
Nome and succeeded in capturing 136 belugas.

STATISTICAL SUMMARY.

The whaling industry of Alaska shows an investment of $1,700,910
in 1920, a decrease of $89,957 from 1919. It gave employment to 318

men, or 7 more than in 1919. Whale products were valued at

$562,302, as compared with $1,027,200 in 1919. The total number of

whales taken was 665, or 85 more than in the preceeding season.
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Investment, Persons Engaged, and Products ok Alaska Shokk W'haljng
Operations in 1919.

Items.
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Products of Alaska Clam-Canning Industry in 1920.

Items. Casas. Value.

Minced clams:
i-pound cans (48 per case)

No. 1 eastern oyster cans (48 per case)

1-pound cans (48 per case)

2-pound cans
Clam juice, 8-pound cans

Total

424
5,876

17

380
136

6,833

$3,384
41,1.32

136

1,748
412

46, 812

MINOR FISHERIES.

TROUT.

The output of trout in Alaska in 1920 was practically equal in

quantit}^ and value to that of 1919, when it was valued at $18,155 as

against $13,662 in the past year. Southeastern Alaska led in pro-

duction, as approximately but 20 per cent of the catch came from
central and western Alaska, as compared with 27 per cent from those

districts in 1919 and 79 per cent in 1918. The chief factor contribut-

ing to this result was the continued closure of the cannery of the

Midnight Sun Packing Co., at Kotzebue Sound, where a few thou-

sand cases of Dolly Vardens were canned annually prior to 1919.

The bulk of the catch of both steelhead and Dolly Varden trout

was handled as fresh or frozen fish by the Eipley Fish Co., and
Libby, McNeill & Libby, in southeastern Alaska. All canned trout

came from central and western Alaska. No investment is credited

to this business, as all operations were incidental to halibut and sal-

mon industries.

pRODicTS OF Alaska Trout Fishery in 1920.

Section and species.
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halibut. In 1920 the production of sablefish reached a total of

584,251 pounds, valued at $2S,544. There was an increase of 74,882

pounds in products but a decline of $G,941 in value from the corre-

sponding figures reported in 1919. Statistics show that 565,926

pounds, valued at $27,770, were frozen; 3,000 pounds, valued at

$140, were pickled ; and 15,825 pounds, valued at $634, were shipped

fresh to the States.

CRABS.

Some change was noted in 1920 with respect to the utilization

of crabs in Alaska. The Arctic Packing Co. and Eda O. Kitzman
canned experimentally a few cases of crabs at Seldovia, in central

Alaska. John Murphy, at Tenakee, was the only operator engaged
in crab fishing in southeastern Alaska. The investment in the crab

fishery was $750. The products were 70 cases of canned crabs, valued

at $1,050, and 6,350 pounds of crabs sold fresh for $690. The total

value of all crab products was $1,740.

SHRIMPS.

Encouraging interest in the shrimp fishery of southeastern Alaska
was manifested in 1920 by the Alaskan Glacier Sea Food Co., at

Petersburg. The investment in the shrimp industry was reported

as $76,100, of which amount $24,500 was paid in wages to 14 whites,

5 natives, 20 Japanese, and 1 Mexican. Four boats and six trawls,

valued at $29,600, were operated in this fishery. The total produc-

tion of shrimp was 112,045 pounds, valued at $49,123. The products

of this fishery were more than double those of 1D19, and it would
therefore seem that the competition of the southern shrimp fisheries

had not seriously affected operations in Alaska.

MISCELLANEOUS FISHERY PRODUCTS.

This classification of products includes red rockfish, flatfish, and
smelts. Products aggregated 11,073 pounds, valued at $229, prac-

tically all of which were frozen.



FUR-SEAL INDUSTRY.

PRIBILOF ISLANDS.

GENERAL. ADMINISTRATIVE WORK.

In 1920 the work of the Bureau at the Pribilof Islands was car-

ried on in the usual manner. Sealing operations were upon prac-
tically the same scale as in the previous year, but a more extensive
study of experimental methods in taking- and curing skins was made,
the results of which will be applied upon a commercial scale in suc-

ceeding seasons. The take of pelts from the blue fox herds was the
largest for many years. Progress was made in construction work,
additional housing facilities being provided for natives on St. Paul
Island and increased salt house and workshop space on both islands
to handle larger takes of fur-seal and fox skins. The census of the
fur-seal herd was taken as usual. The annual supplies for the islands
were transported chiefly by the Navy Department, but considerable
assistance was given by Coast Guard vessels, and the Bureau's vessel

Eider rendered valuable service between Unalaska and the Pribilofs.

PERSONNEL,

Effective July 1, Agent and Caretaker A. H. Proctor, of St. Paul
Island, was appointed to the new position of superintendent, Pribilof

Islands, to have general direction of the work on the two islands.

Storekeeper H, D. AlJer, who had been detailed to the Washington
office during the previous winter, was appointed agent and caretaker

of St. Paul Island, arriving there October 26 on the U. S. S. Saturn.
When Agent and Caretaker Charles E. Crompton left for the States
September 9 on the Saturn^ St. George Island was placed in charge
of Storekeeper E. C. Johnston. After taking leave of absence, Mr.
Crompton proceeded east via St. Louis, arriving at the Washington
office January 5, 1921, for duty through the winter. School-teacher
E. C. Johnston, of St. George Island, was appointed storekeeper,

effective April 27 ; he was succeeded by Carl E. Fletcher, who reached
the island on the Saturn June 16, and, having tendered his resigna-

tion, left on the same vessel in October. John M. Orchard was then
appointed school-teacher of St. George Island and arrived there on
the Saturri Octolier 29. Ilerschel Silverstone, assistant to the agent
on St. Paul Island, tendered his resignation and left by the Coast
Guard cutter Bear in October. Mr. Silverstone was succeeded by
Henry Mygatt, who arrived on the Saturn October 26. Assistant
Agent H. C. Scudder was appointed storekeeper on St. Paul Island,

arriving there October 26. George Haley resigned as school-teacher

70
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on St. Paul Island and left the islands on the Saturn, in June. Mr.
Haley was succeeded by Richard Culbertson, who arrived at St. Paul
Island on the Saturn June 17. Dr. AVasliinfi;ton C. Huyler was ap-
pointed physician for St. Paul Island, but rcsifijned soon after his

arrival and returned on the Saturn in November. Dr. J. J. Rich-
stein, resigned, left St. Paul Island at the same time. Dr. G. B.
Bowlby was appointed to succeed Dr. Huyler and was en route to

the island via Kodiak at the close of the year. Warden Joseph N.
Braun arrived at St. George Island on the Algonquin September 19.

having been detailed for general duty there during the winter.

In the list of temporary employees was Dr. G. Dallas Hanna, cura-
tor of invertebrate paleontology at the California Academy of Sci-

ences and formerly in the Alaska service of the Bureau, who arrived

at the islands on the Saturn June 16 and left on the same vessel Sep-
tember 9 ; in the interim he was engaged in taking the annual census
of fur seals, making several trips between the islands. Dr. H. A.
Swanson was employed as a dentist for several months, spending
part of his time on each island. W. C. Allis, special assistant on St.

Paul Ishuid, left there in October for a winter in the south, having
been on the island since early in 1919. H. A. Peterson, sealing assist-

ant, arrived on the Saturn in June and remained for the winter.
Messrs. AV. P. Zschorna, F. L. Milligan, O. E. Klockenbrink, M.
Syron, and J. H. Quatmann. employees of Funsten Bros. & Co.,

of St. Louis, spent the summer on the island in connection with ex-
perimental work in improving methods of handling and salting seal-

skins. Mr. Milligan spent part of his time on St. George Island.
Andrew Pearson and Ole Holum, carpenters, were on hand from
May until November; the former w^as continuously on St. Paul
Island but the latter was sent to St. George Island for a few weeks.
Ward T. Bower, of the Washington office, visited the islands dur-

ing the summer for the purpose of getting in closer contact with the
activities there, reaching the islands July 1 and leaving July 18.

Passage between the islands and Kin^ Cove was furnished by the
Bureau's vessel Eider^ and between Kmg Cove and Seattle by com-
mercial vessels.

PURCHASE AND TRANSPORTATION OF SUPPLIES.

As in previous seasons, printed schedules of annual supplies of
general merchandise required for the Pribilof Islands were prepared
and competitive bids received for the sale and delivery of the goods
at Seattle, Wash. Through the courtesy of the Navy Department the
radio tender Saturn was made available for the transportation of the
annual supplies, the vessel making two trips to the islands to com-
plete the work.
On the first trip the Saturn had considerable cargo for the radio

stations, hence only part of the Bureau's supplies could be taken.
On this voyage the vessel sailed from Seattle August 8, carrying 260
tons of general supplies, 77,000 feet of lumber, and 225 tons of coal
for St. George Island ; and a shipment of empty barrels, 80 tons of
coal, and a few tons of general merchandise for St. Paul Island.
Owing to unusually severe weather conditions, however, but very
little of this cargo w^as discharged at the Pribilofs, the major portion
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being unloaded at Dutch Harbor. The vessel then returned to Brem-
erton and Seattle, leaving the latter place October 13 with the bal-

ance of the supplies. This cargo, and a part of that which had been

left at Dutch Harbor, was landed at the islands under adverse condi-

tions. The lumber and some of the coal purchased for St. George
Island remained at Dutch Plarbor.

During the summer and fall the vessels Unalga and Algonquin of

the Coast Guard very courteously assisted the islands in the trans-

portation of coal and much-needed supplies from Unalaska and
Dutch Harbor.
The Bureau's tender Eider made a trip to the islands in the month

of September and again in October, carrying staple foodstuffs and
coal to relieve the shortage which existed until the arrival of the

Saturn on her second trip.

POWER SCHOONER " EIDER."

The Bureau's power schooner Eider^ which was purchased and sent

to Alaska late in 1911) as a tender for the Pribilof Islands, thoroughly
demonstrated its value in the calendar year 1920, making in all 11

round trips between Unalaska and the islands and 2 trips to King-

Cove from Unalaska before it became necessary in November for the
vessel to proceed to Kodiak for certain urgent repairs. All told,

7,959 miles w^ere covered during the year. As Bering Sea is not
generally navigated during the winter months and a vessel operat-
ing there would be unable to secure assistance in distress, all precau-
tions possible were taken for the safety of the craft during periods
of severe weather. Trips to the islands were made as follows: One
in January, two in April, one in May, one in June, three in July, one
in August, one in September, and one in October. Trips to King
Cove were made in June and July.

Early in April the Eider transported a special shipment of 1,312

fur-seal skins and 938 fox skins from the islands to Unalaska, from
which place they were taken by the commercial steamer Victoria

to Seattle. The second trip in April from Unalaska to the islands

was chiefly to deliver fuel oil for the naval radio stations. During
the season the vessel transported general cargo and carried passengers
for the radio stations as well as white employees and native work-
men of the Bureau's service between Unalaska and the islands, and
was also used at St. Paul Island to transfer salted sealskins from
Northeast Point to the village. Naval stores were carried on a num-
ber of trips by the vessel. The better mail service between the islands

and Unalaska, the nearest post office, Avas of special value.

On October 18 the Eider was placed under quarantine for small-

pox, of which there was a rather serious outbreak at Unalaska. After
the quarantine was lifted the vessel aided in landing cargo from the

Saturn and otherwise acted as tender for that vessel until again

quarantined when a case of smallpox developed aboard the Eider
November 10. After clearing the second quarantine the Eider left

for Kodiak November 28 for repairs and to furnish transportation to

a physician for St. Paul Island on the return trip. The vessel was
at Kodiak at the end of the year.
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The officers and crew of the Eider deserve commendation for mak-
in<j hazardous trips to the ishinds (hirin<>- the winter season and at
times of the year when no vessel ever before was at the Pribilofs,

DEPARTMENTAL ORDER REGARDING VISITING OF FUR-SEAL ROOKERIES.

For the purpose of definitely reo^ulatino^ the movements of persons
temporarily or otherwise i)resent at the Piihilof Ishmds, the follow-
m^ order was issued by the Secretary of Commerce on Mai'ch 2,

1920, and the re<'ulations therein were ])ut into effect at the islands
during the summer of 1920

:

Section 298, (^'oinpiled Laws of Alaskn, 1913, providos that it shall be unlaw-
ful for any person to land or remain on any of tiie I'ribilof Islands, except
tliroufih stress of weather or like unavoidable cause or by authority of the
Secretary of C'onuaerce.

In order that the interests of the Government may be properly served in the
matter of protectinji the fur-seal rookeries from unnet-essai-y disturbance and
in the matter of avoitlins the driving' of haulint^-ground seals into the water,
the following? regulations are hereby promulgated

:

1. Persons lawfully landing, whether to remain temporarily or otherwise,
nuist confine themselves to their lawful activities, and any visiting of rookeries
or hauling grounds of seals or sea lions must tirst be authorized by the Depart-
ment's agents in charge.

2. In order that persons authorized or permitted to land may have an oppor-
tunity to observe seal life, the Department's agents in charge will provide
escorts, when practicable, to accompany interested persons to proper observa-
tion points. No side digressions from the designated observation points will be
permittiHi. There will be no visiting of rookeries except mider such escorts.
On St. Paul Island the usual observation point for persons temporarily present
shall be what are conunonly known as " Observation Rocks " at Gorbatch
rookery.

3. Persons authorized to land at St. Paul Island, whether to remain tem-
porarily or otherwise, are required, except under circumstances specifically
authorized by the Department's agent in charge, to remain on that portion of the
island in and about the village of St. Paul which is bounded by the shore line,

including that of the salt lagoon and its outlet, and two .straight lines running
approximately as follows: The first from the shore at Black Bluffs to the
southerly portion of the salt lagoon, passing to the eastward of the natives'
cemetery, the natives' wells, and the by-products plant; the second to cut
across the isthnms at Zolotoi Sands. The land lines as described will be Indi-
cated by notices posted at suitable intervals.

4. Any person willfully violating these regulations will be regarded as a
trespasser and will be required to leave the islands at the first opportunity,
or will be subject to such other action as may be deemed appropriate.

The above rules have become necessary primarily because of the
great importance of nondisturbance of hauling ground seals during
the few weeks of active commercial sealing when a thoughtless intru-
sion upon the seals of that class might mean a large financial loss

to the United States. The unnecessary disturbance of seals on
their breeding areas is also quite undesirable. Signs designating
the limits of the unrestricted district in the vicinity of the village

were posted on St. Paul Island, and on St. George Island a definite

observation point was selected and marked where visitors, under
escort, might see the rookery life without disturbing seals of any
class.

CONSTRUCTION WORK.

Considerable construction work has been accomplished at the Pri-
bilofs during the year. On St. Paul Island a new salt house was com-



74 U. S. BUREAU OF FISHERIES.

pleted, a concrete native dwelling was built, and two frame houses

for natives were completed. Some of this work had been started the

previous year. A garage to house the four tractors on St. Paul
Island was built. A concrete extension to the wharf was completed.

There is more work to be done along this line as soon as time and
funds permit. Various repairs to native dwellings, improvements
at the by-products plant, the construction of outhouses, and minor
matters were given attention. A road grader was sent to St. Paul
Island and some work in improving roads was undertaken.

On St. George Island an extension to the wharf was completed

and the landing slip was enlarged, thus facilitating the discharge

of small boats lightering cargo ashore. Also some blasting was
done at East Landing, thus making possible the construction of a

short roadway for handling boats. Preliminary work, including

completion of excavation, was done toward the construction of a

combined shop and warehouse urgently necessary to provide storage

and handling space for the increased take of fox skins. The kenches

in the old salt house were transferred to the new salt house, thus

bringing sealskin work into a single building. Alterations were
made at the fox house to allow trapping, regardless of the direction

of the wind.

USE OF TRACTORS.

The four tractors which were forwarded to St. Paul Island on
the supply vessel late in 1919 were used during the season of 1920

with satisfactory results. They were employed, with trailers, for

general hauling in and about the village, hauling sealskins from
the killing fields to the salt houses and moving carcasses to the

by-products plant. Also they were found to be of great value in

handling the large quantities of lumber, coal, and general cargo

landed from the supply ship, and which, owing to the uncertainty

of weather conditions in Bering Sea, must be landed and stored

as rapidly as possible. In conjunction with a road grader and
trailers the tractors rendered good service in the construction of

roads.
BT-PRODUCTS PLANT.

The by-products plant on St. Paul Island was operated during a

part of the summer of 1920. A shortage of coal made it necessary

to close the plant much earlier than had been originally intended.

During the period the plant was in operation it produced approxi-

mately 19,000 pounds of fertilizer meal and 1,853 gallons of oil, of

which 361 gallons were No. 1, 1,299 gallons No. 2, and 193 gallons

No. 3. A shipment of 15,393 pounds of meal produced this season

was sold at Seattle for $68 per ton, bringing a total of $523.36 ; the

remainder of the meal is still at the island. The oil is in storage at

Seattle pending decision as to its most advantageous disposition ; the

market for this product was very poor at the close of the year.

During the summer of 1920 an experiment was conducted to deter-

mine the comparative values of oil rendered from the carcasses of.

seals which had been dead for different lengths of time. It was con-

sidered possible that in the cool climate of the Pribilofs the factor

of decomposition might be of less consequence than is the case where
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animal oils are handled in warmer regions. Accordingly samples
were taken of oil rendered from carcasses of seals which had been
dead 1, 2, 3, 4, 5, C, 7, 10, 11, and 12 days, and these were later for-

wardecl to the Bureau of Standards.
The report on the analyses showed that with seal blubber, as in

other animal fats, a decided increase in free fatty acids takes place

within a very few days. The acid number of the seal oil samples
ranged from a minimum of 2.8 for the first two days to a maximum
of 13.3 on the tenth day after killing. Reference to the New York
market quotations at the end of the year showed a price of 45 cents

per gallon for herring oil containing less than 5 per cent of acids,

while only 28 cents per gallon was offered for the same oil containing
between 5 and 10 per cent of acids. The seal-oil samples taken 10, 11,

and 12 days after killing showed an average acid number of 11.2, and
the samples for the third, fourth, fifth, sixth, and seventh days had
an average acid number of well over 5. In view of the great depre-

ciation in value of oils having a high acid content, it is of primary
importance that the oil be rendered from the animal tissues as early

as practicable. Other features of the analyses did not show^ progres-

sive changes on whfch sound conclusions could be based.

IMPROVED SEALING METHODS.

With a view to securing improvement in the quality of the seal-

skins prior to the dressing and dyeing processes, the study of sealing

methods at the islands was continued in 1920. W. P. Zschorna, who
carried on preliminary work in 1919 for the Bureau, was in charge
of experimental work this year for Funsten Bros. & Co. Four other
employees of the company, namely, Michael Syron, Oliver E. Klock-
enbrink, Frank L. Milligan, and J. H. Quatmann, were detailed for

duty at the Pribilofs during the active sealing season and assisted in

this special work. Particular attention was given the features of
blubbering and washing the raw pelts before salting, and of salting

the skins only once instead of twice, as formerly. While this work
was of an experimental character, it was on a scale sufficientl}^ large

to warrant its being used as the basis for making changes if any were
found to be desirable.

The method of handling raw sealskins in effect for many years was
to allow them to lose their natural heat while lying on the killing

field. They were then taken to the salt houses, and at the end of five

days were removed, examined for faulty curing, and returned to the

salt to await shipment, usually at least five or six weeks later. In the

summer of 1920, however, 1,000 skins were given different treatment
on St. Paul Island. Immediately after killing, or as soon as they
could be hauled in from the killing fields, these skins were cooled in

a tank of running sea water; all blubber and meat was carefully

removed, they were again washed, and then were stretched and placed

in salt to remain until removed for shipment. Advance reports on
these skins indicate that they are of such an improved quality as to

warrant the extension of the washing, blubbering, and stretching of

the pelts to the whole take of skins.

A feature of the new plan is the taking of sealskins by the so-

called rough method, which consists in leaving considerable quanti-
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ties of blubber and meat on the pelt when it is removed from the
animal. In addition to securing more evenly cured skins, the new
method does away with the chances for cutting or flaying the skins

on the killing field as the subsequent removal of the blubber and
meat makes it unnecessary for the skinner to cut close to the pelt.

The following comments by the Gibbins & Lohn Dressing & Dyeing
Co., of St. Louis, in regard to the blubbered and washed skins of

1920, show some of the practical advantages of the new treatment

:

The benefit of the better curing and more uniform condition of the pelts is

apparent throughout the various dressing processes. The washing is rendei-ed

easier, more efficacious, and safer than t)n ordinary slvins. The better condi-

tion of the pelts is also felt in the unhairing process. The hair on the yellow
spots is always quite difficult to remove. It is generally necessary on such pelts

to loosen the hair by a slight and controlled sweating action, which can not
be advantageous, for it has a tendency to loosen fur as well as hair. It was
found that in the white-blubbered pelts the hair could be loosened by the
unhairing process and the fur left firmer and set tighter when the process was
finished. In other words, the hair was easier to remove because the fur held
firm. Another result is that more of the fine hair is removed during the
unhairing. While this fine hair can be clipped out during the subsequent
machining process, a better finished product is obtained if it is removed during
the unhairing.

In addition to the skins which were washed and blubbered, a por-

tion of the catch was handled in the usual manner and then cooled

by washing before salting; others were given no special treatment

beyond a stretching at the time of salting. Various small lots of

skins were treated in different ways, the entire effort being toward
developing improved methods.

It is probable that the blubbering, washing, stretching, and single

salting will be conducted on a larger scale in the season of 1921, as

there is every reason to believe that the new methods result in a

superior finished product.

NATIVES.

HEALTH CONDITIONS.

The maintenance of good health among the natives on the Pribilof

Islands is not only one of the responsibilities resting upon the Bureau
in its administration of affairs there, but it is greatly to the interest of

the Government to give the best of care to the communities which
perform the bulk of the manual labor incidental to the valuable

and remunerative industries centering on the islands.

A resident physician is stationed on each of the two islands pri-

marily for the purpose of attending to the health of the natives.

Well-stocked dispensaries are provided and a small hospital is avail-

able on St. Paul Island. A building to contain hospital facilities is

to be constructed on St. George Island in the near future.

During the summer and fall of 1920 a dentist was employed to give

attention to the needs of the natives and others on the Pribilofs and
he was fully occupied during his entire stay. Another dentist will

be secured for the coming year to continue this important work.
It is especially noteworthy that on St. George Island, with a popu-

lation of about 135 persons, no deaths occurred for a period of 15

months ending June 19, 1920. This is unprecedented in the history of

the Pribilofs.
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SCHOOLS.

St. Paul Island.—The senior school on St. Paul Island, under the
direction of Georp:e Haley, was opened on September 22, 19 IJ), and
continued until May 2.S, 1920. The enrollment consisted of ()0 pupils.

The usual methods wore followed in the teachin*; of the children,

particular stress being placed upon subjects which would tend to

brin<j about the increased use of the English language. In resigning
at the close of the session, Mr. Haley terniiuated a period of service

in the island schools extending over six years.

/St. George Island.—On St. George Island the senior school was
opened on October 7, 1919, and closed May 14, 1920, with an enroll-

ment of 34 pupils. The percentages of attendance and punctuality
were 99.45 and 99.52, respectively. In discussing the methods of in-

struction and administration used in the school, Mr. Johnston states:

The pupils \v(;iv divided into five .general classes and a^iiin subdivided where
necessary- These subdivisions varied with the different subjects of instruction,
but were determined more by the intellijience and capabilities of the pupils.

The use of English was always required in the schoolroom. Several days
sometimes passerl without a word of Aleut being spoken. At recess and at home
the pupils were encouraged to speak English.
When tlie Aleut children c;in understand English with more ease and quick-

ness, especially as it is spoicen, they will advance in their other studies at a
surprisingly rapid rate. This inability to understand many ex'iilanations given
by the teachers, no matter how simple they are, makes such studies as arith-

metic difficult. In every recitation the study and use of English was of para-
mount Importance.

In the fourth and fifth reading classes the text was discussed and commented
upon by the pupils so that they would understand the English phraseology The
lower classes were given drills in vocabulary and pronunciation. Composi-
tions on stories in the readers were rather poor, as it seemed hard for most of
the children to grasp the important points of a story. The following will illus-

trate : In the geography textbook a paragraph would describe a river .system.

The final sentence of the description would be :
" This is called a river system."

The pupils, in spite of continuous instruction, would give the sentence quoted
above as the definition of a river system.

Compositions were frequently called for, the subjects being chosen by the
pupils or by the teacher. Letters were written to friends at other places. All
written work was corrected and handed back to be rewritten or discussed in

class.

During the second half of the term the fifth class kept individual diaries.

They understood the purpose of the diary easily, and notetl many details which
most children would not remember The diaries were examined once a week
and individual instruction was given to the writer on his mistakes in grammar,
.spelling, etc.

It was not necessary to inflict corporal punishment at any time. Standing
up in front of the school, staying in at recess, etc., proved sufficient. Strange
to say, the pupils did not like to be sent home from school, a fact used to advan-
tage in inflicting punishment.

In addition to the senior school, cla.sses for small children were con-

ducted by Mrs. Ella J. Johnston. This junior school was carried on
between the dates given above for the session of the larger school.

The enrollment was made up of six girls and five boys. Simple
work, similar to that given in kindergarten classes, forms the basis

of the work in the junior school. These classes are very valuable in

preparing the children for entrance into the senior school and en-

abling them to take up their work to greater advantage than would
otherwise be the case. Mr. Johnston's report comments upon the

work of the junior school as follows

:

The value of this preparatory course can be realized best by those who take
up the child's instruction in the senior school. Last term one of the boys com-
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ing to the junior school for the first time was so frightened that he cried

lustily until one of his sisters stood beside him. He continued to do this for

six weeks. At the end of that time he became interested, and it was hard to

persuade him to go home at the end of the period. Without this experience in

the junior school, the boy would have caused considerable trouble in the senior
school, besides delaying his own advancement.

Sewing classes were also conducted for the larger girls by Mrs.
Johnston, various practical stitches being taught. Useful articles,

such as sewing bags, needlecases, and aprons were made, and in-

terest was stimulated by the fact that the girls were allowed to keep
the articles made.

ATTENDANCE AT SALEM INDIAN TRAINING SCHOOL, CHEMAWA, OREG.

Several native students from the Pribilof Islands are at the Salem
Indian Training School at Chemawa, Oreg. None of the pupils

returned to the islands, nor were any enrolled during the year; the

list of pupils, therefore, remains the same as at the close of 1919.

Pribilof Islands Natives at Salem Indian Training School, Dec. 31, 1920.

Fratis, Akalina^ Resident of St. Paul Island.

Fratis, Ouliana Do.
Stepetin, Nicolai Do.
Stepetin, Vasilii Do.
Lekanof, George Resident of St. George Island.

Merculief, Laurence Do.

Ouliana Fratis has completed a course of study at the school and
has since been given the responsibilities of acting as matron in one

of the buildings for the smaller girls. It is doubtful whether she or

her mother will ever return to the Pribilof Islands.

On November 18, 1920, Agent Crompton made an official visit to

Chemawa for the purpose of later making recommendations regard-

ing the policy of sending natives from the Pribilof Islands to that

school. The following is extracted from his report

:

Rumors had reached the island that the natives who were at Chemawa were
not receiving good care, that their food was not plentiful and was of poor
quality, and that the sleeping quarters were poorly heated. At first but little

attention was paid to these reports, but they became quite persistent and
resulted in my request for authority to investigate the matter. In addition

there was a question regarding the general policy of sending natives to the

States for their schooling.

I arrived at Chemawa late in the evening of November 17, 1920, and spent

the entire following day at the school.

The superintendent, Mr. Harwood Hall, showed me through tlie classrooms

of the institution during the forenoon, and the remainder of the day was spent
in the various workshops and other buildings.

During the day all of the Pribilof boys were sepai-ately questioned regarding
their comforts and treatment. They were informed that my visit was for the

purpose of hearing their grievances if they had any, but they were unanimous
in praise of their treatment, and in addition seemed to have a strong " school

spirit " of pride in the institution. The boys were told that if they ever had
any real grievances the agents at the Pribilof Islands wished to know of them,
but that they should not worry their parents by writing about petty matters.

Though I observed closely, nothing seemed to indicate that they were not well

cared for in all respects. The food was inspected and the dormitories seen,

and all was on an equality with conditions in first-class boarding schools.

1 Mother of Ouliana Fratis and employed at the school.
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The question of sending natives from the Prihilofs to Cheinawa, tlion, becomes
one of policy rather than one of cloul)t regarding the; care they might receive
while there. In the writer's opinion it is not to the interest of tlie United States
to send them to outside scliools, and there is doubt that i( adds to the ultimate
hai)piness of tlie individuals. * * *

it is recommended that no more children be sent to the Chemawa school at
the instigation of the Bureau.

SAVINGS ACCOUNTS.

Certain of the Pribilof Islands natives have personal funds in the
custody of the United States Commissioner of Fisheries as trustee.

These funds arc still on deposit with the Washino;ton Loan & Trust
Co., Washington, D. C., and draw interest at 3 per cent per annum,
calculated on monthly balances.

The condition of the account as a whole on December 31, 1920, is

shown in the statement which follows

:

Balance on hand Jan. 1. 1920 $3,093.57
Interest earned from Jan. 1 to Dec. 31, 1920 89.92

3, 183. 49
Withdrawn by natives during above period 343. 62

Balance on hand Dec. 31, 1920 2, 839. 87

An itemized statement of the account showing the individual bal-

ances of the natives is as follows

:

Pribilof Islands Natives' Savings Accounts in Custody of the United
States Commissioner of Fisheries, as Trustee, Dec. 31, 1920.

ST. PAUL ISLAND.

Bourdukofsky, Apollon
Bourdukofsky, Peter
Fratis, Agrifina ^

Fratis, Akalina *

Fratis, Martha*
Fratis, Ouliana *

GromofE, luliania
KozlofE, Parascovia
Krukoff, Ekaterina^
Krukoff, luleta
Mandregan, Alexandra M
IMelovidov, Alfey
Melovidov, Anton
Melovidov, losef
MerculielT, Agafia ^

Merculieff, Dosofey
IMcrculieff, Makary
Merculieff, Mariamna *

$90.42
60.70
92.90
547.73
92.91
92.91

348. 70
7.28

197. 91
8.90

10.23
43.13
3.70
43.13
38.67
38.67
38.67
64.40

MerculieflE, Paul A_.
Pankoff, Agrippina.
Pankoff. Maria M_.
Sedick, Feofania
Sedick, Lavrenty
Sedick, Leonty
Sedick, Marina
Tetoflf, Vikentv M_-

ST. GEORGE ISLAND.

Boren ien , Zoya °

Galanin, Mary
Lestenkof, Michael__-
Merculief, Agrippina.
Merculief, Joseph
Merculief, Polyxenia -

Shane, Michael
Zacharof, Emauuel__.

$15. 16
235. 69
43.13
13.47
13.47
13. 47

;38
43.12

235. 97
155. 75
118. 10
64. 54
24.28
12.28
29. 65

.45

Total 2. 839. 87

PAYMENTS FOR TAKING SEALSKINS.

Following the plan of the two preceding seasons, funds for paying
certain persons engaged in the sealing operations at the Pribilof

s

in 1920 were advanced by Funsten Bros. & Co., and the firm was

' Not living on islands in 1920.
- New account ; formerly account of Alexey Emanoff, deceased.
^ New account ; formerly account of Terenty Merculieff, deceased.
* Includes .$24.98 transferred from account of Auxenia Diakanoff (Mrs. C. H. Hope).
^Includes .'i;il5.14 transfeired from account of Mary Philemonof, deceased. Zoya Bore-

nien was formerly Zoya Philemonof ; now deceased and estate undivided.
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duly reimbursed from the proceeds of the sale of the dressed and
dyed skins. Under this arrangement the funds are deposited in a

Seattle bank to the credit of the Bureau's authorized and bonded
agent at the Pribilofs, who issues checks against the deposit covering

accounts payable therefrom.
The practice of paying the island natives for their labor in taking

commercial skins was continued. They were paid on the basis of

50 cents each for skins taken from seals up to and including the

6-year-old class, and $1 each for skins taken from seals of 7 years

and upward. No payments are made for labor in taking the skins

of seals which are killed primarily for food.

During the calendar year 1920 and through January 31, 1921, the

following payments were made from funds advanced by Funsten
Bros. & Co.

:

Salaries of sealing assistants, St. Paul Island . $3,079. 49

Wages of Aleutian Islands natives at St. Paul Island 4,275.43
Amount earned by St. Paul natives, 1920 11,112.00
Amount earned by St. George Island natives, 1920 2, 127. 00

Total 20, 593. 92

In addition to the above total, the sum of $645 was paid the natives

of St. Paul Island during 1920, this amount representing an unpaid
credit for the year 1919, which was entered as an undivided credit

in the list of expenditures for that year.

Owing to the death of Peter Tetoff, one of the natives at St. Paul
Island, there remains an unpaid balance of $246.50 on account of

the sealing work for 1920 on that island; this amount will be paid

to the estate of the deceased when it is settled, thus closing the

account.

St. Paul Isla7id.—0i the 22,220 skins taken on St. Paul Island

during the calendar year 1920, the native workmen received payment
for 21,097 skins at the rate of 50 cents each and 710 skins at the rate

of $1 each ; the other skins were from seals killed for food for which
no payment was made. The fund was divided among the participat-

ing natives according to their ability, as follows:

Disbursements to St. Paul Natives for Sealing Operations, Calendar
Year 1920.

Classification.
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proficiency of their work. The division was made as shown in the
following table

:

Disbursements to St. George Natives for Sealing Operations,- Caucndar
Year 1920.

Classification.
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Departures in year, temporary

—

To Uiialaska 11
To St. George Island 2

13

Total native resident population Mar. 31, 1920 188
Natives at Salem Indian Training School, Chemawa, Oreg 4
Others temporarily residing elsewhere 14

Total natives accredited to St. Paul Island 206

St. George Island

:

Resident population Mar. 31, 1919 122
Births in year ended Mar. 31, 1920 8

130
Arrivals in year (from St. Paul Island) 2

182
Deaths in year

132
Departiu-es in year, permanent—To Seattle, Wash 1

131

Departures in year, temporary

—

To Chemawa, Oreg 1

To St. Paul Island 2

3

Total native resident population Mar. 31, 1920 128

Natives at Salem Indian Training School, Chemawa, Oreg 2

Total natives accredited to St. George Island 130

FUR-SEAL HERD.

QUOTA FOR KILLING.

On May 26, 1920, the Biirenii made recommendation to the Secre-

tary of Commerce re^rardinfr the number of male seals which miight

be authorized for killing at the Pribilof Islands durinp; the calendar

year 1920. The Bureau's recommendation, approved by the Secre-

tary May 26, 1920, v/as as follows:

Quota or Seals for Killing in 1920.

Age class.
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the necessity therefor. As tlie season advanced it seemed wise to
modify the oii<j:inal instructions, and accordinijfly. on July 22, the
Acting Secretar}' of Commerce authorized the killing of -5,()0() more
seals of the '5-year-oltl class and 1,()()<) of the 4-year-old class. This
was later modified to include only those seals of the 3-year-old class

whose length was 43 .inches or over. The instructions were con-
veyed by telegraph.

Killings of previous years having reduced the numbers of seals

in the 5-year-old and 6-year-old classes of 1920 rather close to the
reserve required by law, it was thought best not to draw further on
these classes. A return to the desirable proportion of adult males
to females is now reported on both islands, and upon the recom-
mendation of the superintendent at St. Paul Island the killing from
this class was stopped on July 23, after 703 skins had been secured.

KILLINGS OF SEALS.

St. Paid Island.—In a total of 54 drives during the period from
January 22 to November 29, inclusive, 22,220 seals were secured on
St. Paul Island during the calendar year 1920.

St. George Island.—The first drive was made on St. George Island
on May 31 and the last on November 19; in a total of 35 drives,

4,428 seals were killed during the calendar year 1920.

The total number of seals killed on both islands during the
calendar year was 26,648. Details regarding the killings are shown
in the following tables

:

Seal Killings on Pribilof Islands in 1920.

ST. PAUL ISLAND.

Date.
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Seal Killings on Pribilof Islands in 1920—Continued.

ST. GEORGE ISLAND.
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Ages of Seals Killed on Pribilok Islands, Calkndak Year 192i».

Age.
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data may be obtained by reference to the Alaska fisheries and fur

industries reports for the years since the brandinoj was done.

In order to add to the data already secured, it is the purpose of the

Bureau to kill some of those male seals in eacli of the years they may
continue to exist, but to insure an adequate remainder for observa-

tion durino- that period it will probably be necessary to reduce the

number to be killed to three or four animals in each season.

CENSUS.

Following the practice of previous years a census of the fur-seal

herd was taken in the summer of 1920. Details are contained in tlie

report, printed on pages 104 to 120, by Dr. G. Dallas Hanna, who has

been in local charge of the census work for a series of years beginning

in 1915. Edward C. Johnston, storekeeper on St. George Island, as-

sisted in the actual census work in 1920 on both islands. The growtli

of the herd from year to year renders it increasingly difficult to

enumerate the animals, but, on the other hand, the observations of

each year add to the concrete information available as a basis of com-

putation and enable the determination of relatively accurate per-

centages of loss for the different age classes.

The following is a comparative statement of the numerical strength

of the various elements of the herd in the years 1912 to 1920, in-

clusive :

General Comparison of Recent Censuses of the Seal Herd.

Class of seals.
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FOXES.

The foxes on the Pribilof Ishmds have le^nihirly heen the source
of considerable revenue to the ITnited States. The animals run at
laro;e on both islands and call for scarcely any outlay of funds and
comparatively little labor.

One of tlie paradoxical features of the fox life on these islands is

that the lar<:er island, with a greater abundance of seal meat and
more accessible beaches, has constantly furnished a smaller numl)er
of skins than St. Geor«2:e Island. Inmiediate conditions can not be
assi<>ned as the reason for this peculiar difference because of the fact

that the situation has remained the same over a period of more than
40 years. Methods of feedinjr adopted on St. George Island in more
recent years have caused a still greater contrast in the size of the
catches on the two islands.

In the assumption that the foxes obtain sufficient food from the seal

bodies remaining on the killing fields and from the natural food on
the seashore, no special effort to feed the animals is made on St.

Paul Island. The foxes are trapped with common steel traps during
a short season in the early winter. When possible it is always
planned to do this trapping before the heavier snowfalls take place,

so that the ruuAvays may be observed and the traps placed on the

ground. The time for trapping is usually selected with i-espect to

the condition of the ground surface and the outlook of the w^eather.

TRAPPING SEASON OF li)20-2 1.

During the trapping season of 1920-21 a total of 1.12.") blue and 14

white fox skins was taken on the two islands. Of this number 123
blue and 13 white skins were taken on St. Paul Island and 1,002 blues

and 1 white on St. George. In addition, there were reserved for
breeding purposes on the latter island 242 male and 240 female foxes,

making a grand total of 1,485 animals handled there during the win-
ter. The above take is the largest since the winter of 1892-93 when
373 animals were caught on St. Paul Island and 928 on St. George;
during that 3'ear no reservation of breeders was made, however. The
gain in this season's take, as in several past, comes entirely from
St. George Island where the herd has been growing i-apidly for a
number of years.

With respect to the methods in use at St. George Island, Agent
C. E. Crompton has recently submitted a detailed report as follows :

METHODS EMPLOYEI) IN THE MANAGEMENT OF THE BLUE FOXES ON ST. GEORGE
ISLAND, ALASKA.

The blue foxes of St. Gooi-j?e Island. Alaska, are the stock of what is probably
the most successful fox farm in the country at the present time, if not the most
promising in the world. The history of the ebb and flow of fox life on that
island ami the relation of that fluctuation to the influences which man has
directly or indirectly brought to bear fonn a very interesting nature study.

History states that the furs of the seals, sea otters, and foxes were much
exploited during the years immediately following the Russian discovery of
the island, but no authentic records prior to 1840 are available. James .Judge
states that during the 19 years ending with 1860 the average annual catch was
over 1,200 animals; during the first 19 yeare of the American tenure of the
island the average catch was approximately 1,000 each season. Trapping was
conducted during but four of the six winters from 1890 to 1896, inclusive, and
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with such poor results that a total of only 2,325 pelts was secured. These
latter years ruark the most important changes in the histoi-y of the herd.
Duing the years preceding 1896 the foxes had always* been forced to seek

their winter food from the summer's accumulation of fur-seal carcasses on the
killing fields, and up to the year 1885 had probably secured an abundance of
food therefrom. Coincident with the decline of the seal herd, however, and
particularly during the modus vivendi of 1891-1893, which restricted the land
killing of seals to 7,500 annually, pending the award of the Tribunal of Fur-
Seal Arbitration at Paris, the number of foxes became rapidly smaller. The
situation, however, was not immediately recognized as a shortage of food, the
agents of the Government placing the blame on excessive trapping by the

lessees.

The state of affairs was probably first seen in its true light by Treasury
Agent James Judge, who, in the summer of 1896, prepared a quantity of

surplus seal meat by lightly salting and storing the food in the manner of

ensilage. The experiment was successful, and Mr. Judge immediately recog-
nized the possibility of selective killing by catching the animals in bos traps
instead of the steel traps which had always been used theretofore. A trapping
house, with a wire cage adjoining, was the final outcome of the above-described
exi^eriment. The foxes came readily to the cage to obtain the much-needed
food and were caught when the cage door was closed by a rope leading from
within the house.
The methods of trapping outlined in the following pages are based on the

work of James Judge, to Avhom much credit is due. That his principle was
right and that it has been properly carried out was shown by the catch of
1919-20, when 750 pelts were secured and 454 animals released as breeders;
the largest number of skins obtained since 1892-93, and, with a single excep-

tion, the largest total of animals caught in any season since the inauguration
of the present system.

Food.

The natural food of the blue fox of the Pribilof Islands is made up of birds,

eggs, insects, berries, miscellaneous bits of animal matter cast up by the sea,

and occasionally dead seals, sea lions, walrases, or whales. While such food is

plentiful during the milder seasons, it is reduced to the single item of beach
food during the winter, when the shore is at times in the grip of frozen spray
for long periods. Drift ice also closes the beaches for days at a time and
usually large deposits of ice are left stranded, and these hinder the foxes in

their search for food. It is at once apparent that comparatively few animals
would survive a severe winter without a reserve supply of food.

In ordinary seasons the foxes of St. George Island are dependent upon a

reserve snppiy of seal meat as food from September 15 to April 30. These
dates are very safe and they will, of course, vary as the seasons are mild or
severe, early or late, but will in most instances mark the period of need.
" Open " or unfrozen beaches during the winter time often furnish much addi-

tional food, and during such intervals the foxes feed but lightly on the seal

meat. On the other hand, a protracted period of cold prevents the animals from
obtaining the natural food of the seashore, and they then visit the feeding
ground in large numbers, consuming surprising quantities of meat. This feed-

ing is necessary by reason of the fact that there are on the island at the present
time many more foxes than the comparatively small supply of natural food
in the winter season can support, and the size and rate of growth of the herd
are primarily limited by the number which can be sustained during that trying

period.
Preparation of food.—Seal meat has been found to be a successful and most

readily obtainable food for use as a reserve. The foxes use all the seal meat
which is not consumed by the native inhabitants of the island. After a killing

of seals has been made the natives cut up the carcasses, remove the choicest

portions for their own immediate and future needs, and the surplus is stored

for winter fox food. At a suitable time (usually the day following the killing)

the carcasses are eviscerated and emptied of free blood clots to retard putrefac-

tion. If large, the carcasses are cut into sections, but if the seals are of a size

readily handled they may be stored whole. It is not a good practice to store

the meat before it has cooled, nor should it be left on the field through a hot,

sunny day.
The carcasses are deposited in a large pit or silo, which is cut into the side

of a hill of hard, seoriaceous earth. The outer side of this pit is bulkheaded
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with strong planks and n small doorway, cIoscmI liy means of flashboards, is

placed near the center of the base of the l)nlklu':iil. 'I'liis door serves both as a
drain for the elllnent water and oil and as a iK>ii rioiii which the meat may be
drawn as m-eded.
As the meat is thrown into the pit it must be spread about evenly and

sprinkled with a small amount of half-iiround salt. Salt which has already

served a part of its usefulness in the sealskin kenches is entirely satisfactory

for salting fox food. It is of great importances to have the meat spread in

such a manner as to leave as little air space as p<)ssil)le; the principle is pri-

marily that of ensiling ratlier than salting. It is surprising how well the meat
will be preserved with but very little salt if tlie air is properly excluded.

After the summer's sealing has been comitleted the silo is covered with a

sectional hatch, which rests on the edges of the pit. It is not of advantage to

store the seal meat resulting from the fall killings, as tlie natives take large

quantities for salting and freezing and the foxes will consume the fresh re-

mains in a short time.

Before the feeding of the reserve food begins it should be freshened by the

passage of fresh water through the pit. This is done by laying a pipe line to

a siphon, which draws the water from a lake near by. Tlie water should run
at least two weeks steadily, but must not be turne<l on until the time for

feeding draws near, else the food will begin to decomirose unnecessarily.

Fccdinf).—Having decided that feeding should begin, a supply of the pre-

pared meat is removtnl from the silo to the food kenches in the trapping house,

where it nray be drawn upon with ea.se as required. The native foreman is

then instructed to put out a small experimental amount in the neigliborhood of
the building and to report the following morning as to the quantity consumed.
Upon receiving this report the agent will know how to proceed the following

evening. It is a conuuendable practice to provide for a remainder of food
each morning, except during the active trapping season, when the animals
must not become satiated. The forenum details a single workman to the

work of setting out the food for a week at a time, after which that man is

relieved by some one who does the work for a similar period.

The feeding is continued in the neighborhood of the trapping building until

two weeks or more before it is expected to begin trapping, at which time it is

placed within the cage. Much smaller quantities of food are then put out, and
it may be well, in the case of a mild season, to suspend feeding for a day or

two, putting out only enough food to attract the animals to that vicinity. This
must be decided and gauged by the manner in which the foxes have been feed-

ing during the interval inmiediately preceding, and it is largely a matter of

judgment.
When the beginning of trapping has been decided upon all waste bits of meat

and bone are gathered together and stored in barrels in an inaccessible place,

where they will not draw the foxes from the lure within the cage. After trap-

ping has started, food is placed only -within the cage and the accumulation of

bones therein is cleaned out from time to time and disposed of as stated abt)ve.

Bits of food which have lieen dragged outside the cage must not be allowed to

accunuilate, as the more timid foxes will feed on them in preference to enter-

ing the cage.

Trapping.

Season.—The season for trapping prime-furred foxes varies in direct relation

to the degree and duration of cold weather. Ordinarily the best of the pelts

will be secured between December 1 and February 1, though prime furs may be

taken on either side of these extremes.

Toward the latter part of November a few foxes may be caught and the fur

examined as to its marketable condition. The extent of growth of the guard

or crown hairs is a very good guide, as when these hairs have reached a length

extending well beyond the heavier fur the pelt takes on its well-known silkiness

and luster so highly valued by the trade. The guard hairs are seldom, if ever,

fully extended before the fur beneath has become prime. Many skins vary as

to fur ; some have a heavy growth of dark fur, while others may have compara-

tivelv thin coats of light color, but the primeness consists in a uniform growth

of whatever class of fur the animal happens to have, accompanied by the full

growth of guard hairs. Animals are occasionally seen with no visible gi'owth

of guard h.iirs, l)ut these are presumed to be diseased and are so few in num-
ber as to be negligible.
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During mild seasons it will be noted that some of the pelts have a decided
reddish tinge to the guard hairs, and while the exact effect of this condition
is not known to the writer, it appears that its presence is not of sufficient

importance to warrant the cessation of trapping. In tlie two seasons of 1015-
10 and 1919-20 this " rusty " condition was particularly noticeable, but on
both of these occasions tlie furriers subsequently stated that the value of the
skins was but slightly lessened thereby. While the darkest furs are the most
desirable, a good pelt commands a fair price even though the reddish tinge
is in evidence.
The approach of the end of the season and the lapse of primeness in the

skins can not be determined by any rule. The condition of the fur must be
carefully watched, for rubbed or felted patches about the throat or rump
are a certain indication of imprimeness. The observations must naturally be
made before the fox is killed.

Weather conditions.—There is probably no single indirect factor having a
more important bearing on the outcome of the season's trapping than that
of weather. Clear, cold nights, with moderate winds from points in the north
or east, are the conditions under which trapping may best be conducted at the
village. Western winds favor the Zapadui cage. High night tides are advan-
tageous, low ones the contrary. While nu)onlight makes the trapping work
easier, the animals may be seen without difhculty on the darkest night if there
is a little snow on the ground. The lower the temperature and the longer the
period of cold, the more favorable is the situation ; the cold keeps the beaches
frozen and the continuation of it forces the most timid animals to visit the
cage in search of food. Storms do not necessarily preclude trapping if the
winds are from favorable directions and are not exceedingly strong. Wet snow
or rain is unfavorable, as the furs become wet and soiled on such occasions;
this dampness is very undesirable when the skins are made ready for stretch-
ing. Trapping may, however, be conducted with fair results during mild
weather when rain is not falling. Persistence is required if a large catch is

to be made.
Location of traps.—Two cage traps are used at the present time, one at

the village, the second at Zapadni. The advisability of installing a third is

doubtful. The second trap was the natural outcome of the feeding of foxes
at Zapadni and it is useful when winds are unfavorable for work at the
village. The desirability of securing the largest number of pelts at the village

trap is readily seen.

The village trap is the original building set up by James Judge shortly after
his experiment of 1890. and, like all cage traps, it is near the shore line. The
second is simply a wire cage set up in 1919 close by the Zapadni watch house.
Efforts are occasionally made to secure foxes at Garden Cove (on the southern
shore) by means of string or noose traps, but the results are quite dispropor-

tionate to the labor involved. It should also be mentioned that the foxes
having their homes in the immediate vicinity of the village form a distinct

colony, the members of which rarely visit the cage trap and must be obtained
by noose traps placed within the village and operated from the windows of

the village buildings.
Description of traps.—Herewith is a diagram showing the arrangement of the

village trap. The drop door " F," sliding in a groove, is operated by a man
stationed within the darkened room " B," who watches the animals through the

small window " H," which commands a view of the trap interior. The Zapadni
trap is on the same general plan, the cage standing apart from the house and
being operated from the window. At Zapadni the foxes nmst be caught and
removed from the trap by hand, while at the village it is much more readily

done, as will be seen later.

The noose trap is a very simple arrangement. A small doorway is cut in the

end of a common packing case, which is then placed with its open face to the

ground, the door remaining open on the end of the case. Some bait having a
strong odor, such as old seal meat or seal oil, is placed within the box, and a
noose" is hung about the doorway. As the fox endeavors to investigate the

contents of the box, the noose is closed about his neck by an operator stationed

within a near building. This trap is an unsatisfactory arrangement to use

outside the precincts of the village, as when an animal is captured the result-

ing commotion frightens other foxes away from that neighborhood. Further-

more, but a single fox can be caught at each operation.

Operation of traps.—It must be borne in mind during the trapping season

that the foxes are largely dependent upon the seal meat for their sustenance,
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and, while large niimbi-rs of animals visit the cage in the morning after an
evening's trapping, continuous operation of the trap over too long a period
will cause the foxes to abandon their trips to the cage for food. Such a prac-
tice forces the foxes to search for food elsewhere and also prevents any record
being made of those animals, either for their pelts or as breeders. The more
timid foxes may be seen to wander about the trap for long periods before enter-
ing, and each time the trap is sprung these animals are frightened off. The
writer believes that the trap should be left open to the foxes at least two full

nights in seven, and if all-night trapping is practiced the feeding nights should
be increased to three in each week. These precautions are not so necessary if

the beaches are unfrozen.
The actual trapping of the foxes may be begun as early as 4.30 p. m. and

continued as late as seems desirable. A responsil)le native, with an assistant,

takes up his position in the trapping room opposite the small window and opens
the sliding door by means of a rope. The opening of the door by the trapper
exposes the food for the first time on any trapping night, so that no foxes will

have previously satisfied their hunger. The trapper maintains a constant watch
of the trap, and when several foxes are in the cage he lowers the door and
imprisons them. This moment for dropping the door must be properly judged.
There should be no foxes so near the door that they will l)e in danger of Injury
when it drops ; the door should not be closed in the face of animals too near the
trap, as they would only be unnecessarily frightened thereby ; on stormy nights
the door may be so carefully closed that even the foxes within the trap are not
aware of the change. Only responsible natives should ever be left in charge
of the trap rope ; such men understand the foxes and do the work well.

After closing the trap the operator sends his assistant into the cage and the
foxes are driven through the open dooi's " O " and " J " into the retaining room
" C," where they are held until a sufficient number has been caught to war-
rant further attention. After closing the doors to the retaining and trapping
rooms the cage door is raised and the operation is repeated.
Handling of animals.-^lt is not advisable to hold more than 20 foxes in the

retaining room at one time, as the animals have a tendency to clamber about
and will pile up and become overheated, particularly in mild weather. On
the opening night of the season the foxes can be caught almost as rapidly as
the skins can be handled, the trap taking as high as 10 or 12 in a single

operation. Later in the season the more timid foxes appear and only 2 or 3

are taken at intervals of an hour or more.
When a suitable number of foxes has been caught, the skinners and other

men take up their places in the large room " D " and the work begins. Two
or three men, armed with forked sticks, are sent into the retaining room,
where they catch the foxes by pressing them down to the floor until a proper
liold has been secured with the hands ; the animal is grasped about the neck
from behind. This work must be done with as nuieh care as is consistent

with a fair degree of speed, as some of the animals are to be reserved as
future breeders and must not be injured by unnecessarily rough handling.

If any marked breeders are found, they are liberated through the door " I
"

and the exit " K."
After catching the fox the native passes it through the opening in the

special door " L," whereupon a man on the opposite side takes it from him.

holding the animal in the same manner. Another man examines the fox and
calls out its sex that it may be written down by the agent. The latter then

examines the teeth by pushing back the lips or opening the jaws with a

soft gag.
The weigher now places the fox's tail in the loop of a broad strap attached

to a spring balance and the head of the fox is then carefully lowered so that

the animal hangs to the scale by its tail. The fox must not be dropped into

a hanging position, as the sudden snap might injure the bone or cartilage of

the tail. The weight is then called out and the agent makes note of it ; he

then notifies the weigher whetlier the fox is to be killed or released. If to be

released, the animal is marked and dropped through the door " I " and makes
its escape througli the exit " K." If to be killed, it is passed to another man
(the fox is still held by the tail) who strikes it a smart blow on the head

with a light clul). After the fox has been stunned in this manner, its necl^

is broken by manipulation. The skinner waits a few moments to make certain

that the animal is dead, after which he removes the pelt while the body is

yet warm.
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Handling of Skins.

Skinning.—Fox sldns are removed much in the same manner as those of
most fur-bearing' "animals that are prepared for the market. Tiie tail is split
for a few inches on the lower side, the cut ))OKinniii{,' at the anus; cuts are
then made along the inner side of each hind leg, tiicse incisions extending
from the heel (the lower end of the metatarsal bones) to the anus. The pelt
is first loosened around tlie base of the tail, the tail is then pulled from
its sheath of skin, and the entire pelt is removed by pushing it loose from the
fat and flesh with thi> lingers, a knife being used only about the head. After
the skin has been loosened from the posterior part of the body it is simply
everted over the head, so that the nose is the last part to be "severed. The
forelegs are pulled out of the skin without any cutting, except where a knife
may be needed to separate the pelt from the tougher subcutaneous tissues.
While the skin is being drawn off there is some danger of tearing it or of

forcing a finger through it, but such holes are usually the result of liaste or
carelessness. However, tears are sometimes made by the best of skinners, and
in a large catch it may be diflicult to secure perfect work throughout. Natu-
rally, the pressure is always toward better workmanship.
After the skin has been entirely removed by the method outlined above, it is

turned right side out and hung up on a peg or nail. When the work of the
evening is over, the skins are counted, but are left in the trap building until
ready for cleaning and stretching; the skins must be kept as cool as possible
during this time.
During the first few killings of the season it is advisable to examine the

flesh side of the skins, as the color found there is a good guide to the degree of
primeness of the furs as a whole. The earliest skins may be found to be rather
dark on the flesh side because of the roots of the growing hair and fur. This
color fades as the season advances. While the writer has seen skins having
what appeared to be fully prime pelage with the flesh side quite dark, it is not
advisable to take any large number of skihs during that part of the season
when the bluish color on the flesh side of the skin is most pronounced.
The flesh side again darkens with the approach of unprinieiiess, but it has

been observed on St. George Island that felted patches jind rubbed spots are the
first indication of the change. The fact that decision must be made before the
fox is killed makes this a valuable point.

Cleaning.—The morning after the trapping the skins are taken to another
building where the cleaning, stretching, and drying is done. The more skillful
men sit in a row behind a beam which is placed in a horizontal position about 2
feet above the floor. A nail or peg is fixed in the beam opposite each man.
The skin is turned flesh side out, the nose is place<l over the peg and all the
fat and flesh is removed with a very sharp skinning knife having a curved
blade about 6 inches in length. The tail is split and all the fatty tissue removed
from it; the forelegs can be cleaned without splitting. The work described
here requires genuine skill with the knife.

After the pelt has been thus cleaned it is taken by one of the other workmen
who turns the skin, rubs dry corn meal through the fur for the purpose of
removing free grease or dampness, and then shakes it out. It is now turned
again and searchetl for holes and if any ai'e found they are sewed up. Small
sticks are then inserted within the skin of the forelegs and bound in place; the
tail is spread and bound round a larger stick and the skin is then ready for
the stretching frame.

Stretching.—The stretching frame is a very simple arrangement of two light
boards (1-inch material is usually used) put together on an acute angle, the
length of the sides being in the neighborhood of 4 feet. The boards are .ioined
edgewise, the nails of the joint being carefully toed ; no third piece enters into
the construction. After the joint has been secured, the boards are planed so
that the edges form a smooth wedge with a rounded point. Properly made
frames will last many years.

The skin is drawn on by inserting the smaller end of the frame in the opening
across the hind legs and then slowly forcing it down the frame until the nose
fits snugly. The entire surface of the pelt is then gently stretched downward
with the palms of the workman's hands, and when it is well in place the hind
legs are spread and bound to the sides of the frame in the manner shown in

figure 3. The lips have been previously stitched together to prevent distor-
tion of that part of the skin, and after the whole pelt has been well rubbed with
corn meal it is set up for drying.
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Drying.—The drying may be done in any large room where an even tempera-

ture can be maintained. It is always desirable to dry the skins slowly and with.

as little artificial heat as possible. The present method is to lay the frames in

rows across light racks suspended from the ceiling at suitable intervals, the

remainder of the frames being stood up about the walls. With the improvement
of facilities this practice may be bettered.

After a lapse of from four to six days on the stretching frames the skins may
be examined, and if dry all over, may be removed. The nose is one of the last

parts of the skin to become fully dry. The skin should also be examined for

excessive grease, and if any is found it must be removed with corn meal, for if

it is left it will putrefy and weaken the skin. In taking the skin from the frame
the hind and fore legs and tail are unbound and the skin gently started with the

palms of the hands, after which it may be pulled off by the nose. When the skin

has been removed from the frame a tag, bearing the date of capture, is tied into

the mouth or eyeholes and the skin is hung up in the drying room for a few
days, or until a sufficient number of pelts has accumulated for removal to the

storage room.
Stwinff.—The two most important requirements for a storage room are dry-

ness and darkness. The necessity for keeping the skins dry is apparent ; the

darkness is a safeguard against the fading of the fur. as the darkest furs com-
mand the highest prices. In storing the skins they are usually tied through
the nose into clusters of 10 skins each, and these bunches are carefully tallied

when stored. All the skins are again counted at the close of the season so as to

verify the record of animals killed.

Shipping.—Fox skins are packed and shipped in boxes made of 1-inch boards

of spruce or Douglas fir (spruce is preferable), with inside dimensions of 58

inches in length. 16 inches in width, and 12 inches in depth. The case is pro-

vided with a set of battens near each end, which lend rigidity to the whole and
at the same time prevent any face of the box from coming into solid contact witli

a flat surface.

The packing of the skins is usually done within a day or two of the time
shipment is to be made. The cases are lined with tarred building paper and
relined with wrapping or newspaper as a protection against insects and damp-
ness. The skins are carefully counted and laid flat in the case; unnecessary

folding or creasing is to be avoided. The skins are shipped pelt side out.

From 40 to 45 skins may be packed in a case such as the one described above.

After the proper number of skins has been packed in the box, the top is

closed with the layers of paper and then the cover. The cover is nailed to the

sides and ends of the case and to the battens on the sides. All cracks and
holes are then closed by tacking on strips of galvanized iron or sheet zinc. The
cases should be marked on both sides with the name and address of the con-

signee, the serial number and gross weight of the case. tJie number of skins it

contains, and the legends, " Keep Away From Boiler Bulkheads " and " Keep
Dry."

Disposition of Carcasses.

The disposition of fox carcasses is a matter of some importance. It is well

known tliat foxes are, as a general rule, infested with pai'asites and intestinal

worms of various kinds, and it should always be the effort of the agent to see

that the carcasses of foxes killed are disposed of in such a manner as to pre-

vent any possibility of infection from that source. The bodies of foxes found
dead should be handled in a similar manner when practicable. The method now
in use is that of putting the bodies into a covered pit. a practice both simple

and effective.

Breeding Reserve.

Selection of aninwls.—The breeding foxes must be selected with care. The
points of .iudgment are: (1) The condition of the teeth ; (2) depth of color and
condition of fur, short fur or white patches indicating an undesirable animal

;

and (3) weight, reserved males to weigh not less than 11 pounds and females

not less than 8* pounds. Cripples are always killed, though a short-tailed

fox may be released it the animal appears to be a. particularly desirable one
from other points of .iudgment.

Since the beginning of the present method of handling foxes on St. George
Island it has been constantly the purpose to eliminate the white foxes. That
it has been partially successful is shown by the presence of only 4 white
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FIG. 2. -NATIVE METHOD OF STRETCHING AND DRYING BLUE FOX SKINS,
PRIBILOF ISLANDS, ALASKA.
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skins in a catch of 750 taken during the season of 1919-20, as against lo white
pelts in a total of 48(; secured in the season 1903-4. On St. Paul Island, where
steel traps an- being used and the selective killing is not cairied on, 38 white
animals appeared in a catch of ISS during the winter of 1919-20. The tight
against white foxes on St. George Island has in recent years been extended
against blue foxes which bear white marks of any kind.

After the selection of the breeder it is maiked by clipping the fur of the tail

and is then released. This mark is a notch near the tip of the tail in the case
of a male and near the nuddle of the tail for a female. No such marked foxes
are killed intentionally, and to avoid the p(»ssil)ility of such error it is a good
l»]aii to make the mark sufliciently plain to preclude any chance that the weigher
may not notice it. Light marks ma<le early in the season may grow to be almost
indistinguishable before trapping stops.

The blue fox of St. George Island is monogamous, and because of this fact
the sexes must be released in e(iual numbers when tlie reserve is made.

Size of reserve.—The amount of food available during tlie winter months is

the factor which controls the size to which tiie herd may be allowed to grow.
The release of 200 pairs of breeding animals for a number of years past has
provided a steady supply of skins, but this number must be gradually increased
in i)roportion to the food supply if a sound policy of growth is to be carried
out. During the season of 1919-20 a reserve of 225 pairs was made with a
view to such a growth, and it is intended that the reserve be further increased
each season that the food situation will allow.

A consideration of the reserve naturally must bring in the factors of the
number of young which reach maturity for each pair released and tlie percentage
of natural mortality for all classes of foxes. It is to be deplored that we know
little of these factors, except as light has been thrown upon them by the growth
or dtH-line of the herd. From the past rate of growth we may assume a given
number of maturing young and a given death rate, both of which are subject to

an unknown correction of animals not caught, but such tigures are somewhat
arbitrary and must be used with caution. We can not place dependence on the
micertain tigure of the number of maturing young or the unknown reserve of

animals not handled ; the only reliable tigures are those from known reserves,

and it is upon these we must base our policy.

REINDEER.

In August of 1911. 40 reindeer were brought to the Pribilof

Islands to determine whether these animals would thrive and even-

tually provide a source of fresh meat for the Government employees
and natives stationed there. Twenty-one cows and 4 bulls were
landed on St. Paul Island and 12 cows and 3 bulls on St. George
Island.

The experiment has proved entirely successful. While the herds

have become quite wild and difficult to handle through lack of time
for attending them, fairly accurate counts at the close of the calen-

dar year 1920 showed 192 deer on St. Paul Island and 125 on St.

George Island. The herds are becoming regularly more valuable as

a meat supply, the number used for this purpose being larger each
year. On St. Paul Island 22 reindeer Avere killed for food during
the calendar year 1920 and on St. George Island 31 were so used. In
the previous j^ear 14 on St. Paul and 22 on St. George were killed for

food.

SHIPMENTS OF FUR-SEAL AND FOX SKINS FROM PRIBILOF ISLANDS
IN 1920.

Fur-seal skins.—Three shipments of sealskins were made from the

Pribilof Islands in the calendar year 1920. The first of these was
made up of 900 skins in 47 casks from St. Paul Island and 412 skins

in 11 casks from St, George Island, the number from the latter place

being the entire remainder of the catch of 1919 on that island. The
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shipment left the islands April 7 on the Bureau's tender Eider, was
transferred to the Alaska Steamship Co.'s steamship Victoria at
Unalaska on April 19 for shipment to Seattle, Wash., and left the
latter place on April 27 for St. Louis by freight via Northern Pacific

to Minnesota Transfer and Chicago, Burlington & Quincy, arriving
at St. Louis May 20.

On June 22 the U. S. S. Saturn took the remainder of the 1919
skins from St. Paul Island; the shipment was made up of 37 casks
containing 505 skins. The Saturn proceeded to Bremerton, Wash.,
from which place the skins were forwarded July 7 to St. Louis by
the same route as the first shipment. They arrived at St. Louis
July 26.

The third shipment consisted of 476 casks containing 21,929 skins

from St. Paul Island and 24 casks containing 1,133 skins from St.

George Island; all were skins of the 1920 take. The skins were
placed on board the Saturn November 25 for transportation to

Seattle, Wash., left that place December 6, and arrived at St.

Louis December 15, having been shipped by freight via Northern
Pacific to Billings, and Chicago, Burlington & Quincy to St. Louis.
This shipment made remarkably good time between Seattle and St.

Louis, arriving in a little less than nine days.

Thirteen specimen skins were also shipped during the year. Four
of these were from St. George Island and nine from St. Paul Island.
The skins were brought south on the Saturn , arrived at Seattle
September 26, and were shipped from there by express to the Ameri-
can Museum of Natural History at New York City.

Fox skins.—A single shipment of fox skins was made during 1920.

This shipment consisted of 4 cases containing 155 blue and 33 white
fox skins from St. Paul Island and 18 cases containing 746 blue and
4 white skins from St. George Island, a total of 938 skins. These
cases were shipped in the same manner as the first shipment of seal-

skins as far as 'Seattle, via the Bureau's vessel Eider and the com-
mercial steamer Victoria, and from Seattle to St. Louis by express,

where they arrived May 3.

SALES OF FUR-SEAL SKINS.

Two sales of dressed, dyed, and machined fur-seal skins from the

Pribilof Islands were held in St. Louis during the calendar year 1920.

One was on February 2 and the other May 10, at which times 9,100

and 6,752 skins were sold at auction for totals of $1,282,905 and
$424,166, respectively.

The highest price secured at the February sale Avas for a lot of
70 skins, which brought $177 each; the average price obtained was
$140.97, an increase of nearly 55 per cent over the average price at

the preceding sale in September, 1919. At the sale in May the maxi-
mum price Avas $125 per skin on two lots of wigs, 50 skins in each

lot. The average price for the May sale was $73.74, showing a

decrease of about 48 per cent as compared with the February sale.

The first two of the following tables show details regarding the

prices secured for each lot of skins in the two sales ; the third table

is a summary showing prices obtained for the skins in the various

trade classes, with the percentages which the number of the skins in

these several classes bore to the totals in each sale.
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Sales of Dressed, Dyed, and Machined I'ltiiui.oi' Fitk-Seai, Skins at St.
Louis, 1920.

sale of 9,100 skins, st. louis, feb. 2, 1920.

Num-
l)pr of

skins.

50

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

50
50
50
50
50
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

60
60
60
60
60
60
60
60
60
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

70
70

Trade
classiflcation.

Wigs

do...
do...
do...
do...
do...
do...
do...
do...
do
do
do
do
do
do

Wigs; cut, scarred,
etc
do
do
do
do
do

E.xtra extra large.
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do

E.xtra extra large;

cut, scarred, etc .1

do '

do
do
do
do
do
do
do
do

Extra large
do
do

....do
do
do
do
do
do
do
do
do

....do

....do

....do
Extra large; cut,
scarred, etc . .

.

....do

....do

Price
per
skin.

Total for

lot.

$152, 00

157.00
155.00
157.00
156.00
156.00
156.00
150. 00
162. 00
162.00
163.00
167.00
169.00
166. 00
169.00

115. 00
116. 00
115. 00
117.00
120.00
118.00
167. 00
170.00
167. 00
166. 00
166. 00
171.00
172.00
170.00
170.00
171. 00
168. 00
167. 00
174.00
170.00
173. 00
171.00
169.00
168. 00
172. 00
172. 00
172. 00
171. 00
171.00

124. 00
124. 00
131.00
127. 00
130. 00
127.00
131. 00
130.00
131.00
132. 00
161. 00
160. 00
173. 00
172. 00
170.00
174. 00
171.00
17100

i

168. 00
109. 00
170.00
168. 00
158.00
168.50
177.00

134.00
130. 00
128.00

87, 600. 00

7, 8.50. 00

7, 750. 00
7, 850. 00
7, 800. 00

7, 800. 00
7, 800. 00
7, 800. 00

8, 100. 00
8, 100. 00
8, 150. 00
8, 350. 00
8, 450. 00
8, 300. 00
8, 450. 00

5, 750. 00
5, 800. 00
5, 750. 00
5, 850. 00
6, 000. 00

5, 900. 00
10, 020. 00
in, 200. 00
10, 020. 00
9, 960. 00
9, 960. 00

10, 260. 00
10, 320. 00
10, 200. 00
10, 200. 00
10, 260. 00
10, 080. 00
10, 020. 00
10, 440. 00
10, 200. 00
10, 380. 00
10, 260. 00
10, 140. 00
10, 080. 00
10, 320. 00
10, 320. 00
10, 320. 00
10, 260. 00
10, 260. 00

7, 440. 00
7, 440. 00
7, 860. 00
7, 620. 00
7, 800. 00
7, 620. 00

I

7,860.00
i

7, 800. 00
7,860.00 !

7,920.00
11,270.00
11,830.00
12, 110. 00
12. 040. 00
11,900.00
12, 180. 00
11,970.00
12, 110. 00
11, 760. 00
11, 850. 00
11,900.00
11, 760. 00
11,760.00
11,79.5.00

12, 390. 00

9, 380. 00
9, 100. 00
8,960.00

Lot
No.

Num-
ber of

skins.

91

92
93
94
95

96
97
98
99
100
101

102
103

104
105

106
107
108
109
110
111

112
113

114
115

116
117
118
119

120
121
122
123

124
125
126

127
128
129

130

131

80

20

Trade
classification.

Extra large; cut,
scarred, etc

do
do

Large
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do

....do
Large; cut, scar-

red, etc
....do
....do
....do
....do
....do
....do
....do
Mediums
....do
....do
....do
....do
....do
....do

.uo.
do
do
do
do
do
do
do
do

Mediums; cut,
scarred, etc

do
do
do
do

Small mediums.

.

do
Small mediums;

cut, scarred, etc

III wigs
....do
Ill e.xtra extra
large

Ill—25 extra
large, 45 large.

.

Ill—60 mediums,
10 small me-
diums

IV—9 wigs, 3 ex-
tra extra large,

2 extra large, 2
large, 4 medi-
ums

Price
per

sidn.

S127. 00

129. 00
130.00
160. 00
157.00
164.00
162.00
162.00
161. 00
161.00
160.00
159.00
160.00
161.00
162.00
162.00
101. 00
160. 00
161.00
160. 00
163. 00
165.00

116.00
lis. 00
110.00
116.00
125. 00
115.00
116.00
119. 00
124. 00
126. 00
123. 00
123. 00
122.00
121. 00
121.00
122. 00
121.00
121. 00
121. 50
120. 00
123. 00
122. 00
123. 00
122. 00

100. 00
99.00

102. 50
104.00
105. 00
90.00
90.00

70.00
71.00
71.00

82.00

64.00

Total for

lot.

50.00

SS, 890. 00

9, 030. 00
9, 100. 00

12, 800. 00
12, 560. 00
13, 120. 00
12,960.00
12,960.00
12, 880. 00
12, 8S0. 00
12, SOO. 00
12, 720. 00
12, 800. 00
12,880.00
12,900.00
12.960.00
12, SSO. 00
12, SOO. 00
12, 880. 00
12, SOO. 00
13, 0'W. 00
13, 200. 00

9, 280. 00
9, 440. 00
9, 2S0. 00
9, 280. 00
10,000.00
9, 200. 00
9, 280. 00
9, 520. 00
11,100.00
11,310.00
11,070.00
11,070.00
10,980.00
10, 890. 00
10, S90. 00
10, 980. 00
10, S90. 00
10, 890. 00
10, 935. 00
10, SOO. 00
11,070.00
10, 9S0. 00
11,070.00
10,980.00

9, 000. 00
8,910.00
9, 225. GO

9, idO. 00

9, 450. 00
8, 100. 00

5, 400. 00

6, 300. 00

3, 550. 00

3, 550. 00

4,920.00

4, 480. 00

3, 420. 00

1, 120. 00

'l,2s2,905.00

54777°—21-
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Sales of Dressed, Dyed, and Machined Prihilof Fur-Seal Skins at St.

Lox^is, 1920—Continued.

SALE OF 5,752 SKINS, ST. LOUIS. MAY 10, 1920. .

Lot
No.

Num-
ber of

skins.

Trade classifica-

tion.

Price
per
skin.

Wi!;.s

do
do
do
do

Wigs; cut, scar-
red, etc
do
do
do

Extra extra lar gc
do
do
do
do
do
do
do
do
do

Extra extra large;

cut, scarred, etc.

do
.do.
.do.
do
do
do

Extra large
do
do
do
do
do
do
do

... .do
Extra large: cut,
scarred, etc...
do
do
do
do

Large
do
.do.
-do.

...do.

...do.

...do.

...do.

$12.5. 00
125.00
123. 00
123. 00
122. 00

79.00
72.00
78. 00
79.00

124. 00
121. 00
120.00
117. 00
113. 00
114.00
112. 00
112.00
111.00
115. 00

90.00
79.00
72.00
67.00
64.00
64.00
64.00

lOS. 00
9S.O0
93. 00
92.00
92. 00
91.00
91.00
93.00
93.00

65.00
60.00
60.00
59.00
59 00
92.00
86.00
84. 00
83.00
SI. 00
82.00
8L00
81.00

Total for

lot.

?6, 2,50. 00
6, 250. 00
6, 150. 00
6, 150. 00
6, 100. 00

3,950.00
3, 600. 00
3, 900. 00
3,9.50.00

7, 440. 00
7, 260. 00
7, 200. 00
7, 020. 00
6, 780. 00
6, 840. 00
6, 720. 00
6, 720. 00
6, 660. 00
6,900.00

5, 400. 00
4, 740. 00
4, 320. 00
4, 020. 00
3, 840. 00
3, 840. 00
1, 920. 00
7, 560. 00
6, 860. 00
6, 510. 00
6, 440. 00
6, 440. 00
6, 370. 00
6, 370. 00
6, 510. 00
6, 510. 00

4, 550. 00
4, 200. 00
4, 200. 00
4, 130. 00
4, 130. 00
7, 360. 00
6, 880. 00
6, 720. 00
6,640.00
6, 480. 00
6, 560. 00

6, 480. 00
6, 480. 00

49
50
51

52
53
54

55
56
57
58
59
60
61

62
63
64
65
66
67
68

69
70
71

72
73
74

75
76
77
78

79
80
81

82

84

Num-

1

ber of
I

skins.

Trade classifica-

tion.

80
80
80
80
40
80

80
80
80
80

70
90
90
90
90
90
90 I

90
90

5,752

Large ,

do
....do
....do
....do
Large; cut, scar-

red, etc
....do
....do
....do
....do
....do
Mediums
....do
....do
....do
....do
....do
....do
....do
Mediums; cut,
scarred, etc

....do

....do

....do

....do
Small mediums.

.

Small mediums;
scarred, etc—

III Wigs
....do
....do
Ill Extra extra
large

Ill Extra large..
Ill Large
Ill Mediums.. .

.

III Small me-
diums

IV Wigs
IV—3 extra extra
large, 19 extra
large, 10 large,

10 mediums, 8

small mediums
Skins—1 extra
large, 4 large,

3 mediums, 1

small mediiun.

Price
per
skin.

S81. 00
SLOO
81. 00
80.00
SLOO

57.00
52.00
50. 00
50.00
49.00
49.00
7L00
68.00
65.00
66.00
63. 00
65. 00
64.00
66.00

50.00
45. 00
44.00
44.00
46.00
55.00

39. 00
40.00
41.00
41.00

'

37.00
37. 00
36.00
26.00

19.00
10.00

21. 00

53.00

Total for

lot.

S6, 480. 00
6. 480. 00

6; 480. 00
6, 400. 00
3,240.00

4, 560. 00
4, 160. 00

4, 000. 00

4, 000. 00

3, 920. 00

3, 430. 00
6, 390. CO
6, 120. 00
5, 850. OO

5, 940. 00
5, 670. 00

5, 850. 00

5, 760. 00
5,940.00

4, 500. 00

4, 050. 00
3, 960. 00
3, 960. 00
4, 140. 00
4, 950. 00

2,730.00
2, 000. 00
2, 050. 00
2,0.50.00

1, 850. 00
2, 220. 00
2, 160. 00

1, 820. 00

570.00
500.00

1, 050. 00

636. 00

424, 166. 00

( 'ompakative Valie.s by Grades and Sizes, with Percentages Each Size
Sealskins Sold in 1920.

Classes and
sales.
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COMPAKATIVE VaLUKS BY GRADES AND SlZE.S, WITH riOKCENTAGES EaCH SiZE OF
SkalskiiNs Soi-d in 192()—C«»ntiiuied.

Classes and
sales.
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total on hand January 1, 1920, 47,610 skins. The followmfr table

shows shipments received and sales of skins by the firm during the

calendar year 1920

:

Summary of Friijii.of Islands Fur-Seal Skins Recei\-ed and Sold by Fun-
STEN Bros. & Co., St. Louis, Mo., and Balances in Firm's Custody, Calendar
Year 1920.

Receipts.
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Skins taken in 1920:
St. Paul Island 22,220
St. George Island 4,428

26, 648

Total 28,465
Shipments during 1920:

St. Paul Island 23,334
St. George Island 1,545

24, 879

Balance on hand at Prihilols Dec. ;u, li)20 3, .580

Grand total on hand D(^c. 31, 1920 61, 198

SALE OF FOX SKINS POSTPONED.

The 901 blue and 37 white fox skins taken at the Priljilofs in the
winter 1919-20 were not sold during the year 1920, the condition of

the fur market making it advisable to defer their sale.

PATROL OF NORTH PACIFIC OCEAN AND BERING SEA.

As in previous years, a patrol was maintained by the Coast Guard
for the protection of the migrating fur-seal herd and the prevention
of poaching in the vicinity of the Pribilof Islands. Numerous
courtesies in the way of transportation of passengers, mail, and
freight for the Bureau are also gratefully acknowledged. The fol-

lowing extracts from a statement prepared by the Coast Guard relate

in detail the work performed during the year

:

Memokakdum Concerning Operations of the Coast Guard in Connection
WITH Patrolling the North Pacific Ocean and Bering Sea Dxieing the
Season of 1920.

The North Pacific Ocean and Bering Sea patrol, commanded by Commander
.7. H. Brown, United States Coast Guard, for the season of 1920 was made by
tlie Coast Guard cutters Lnolga. Algonquin, Bear, and Botlmell. These vessels
were actively eugagi-d during the season on pati'ol and in such additional work
as furnishing transportation t<> various persons, including natives, civil authori-
ties, school-teachers, and destitutes ; delivering United States mail. food, and
supplies to isolated settlements: a.ssisting distressed vessels; extending succor
to persons in need; furnishing medical treatment to natives: and enforcing the
laws.
The Unalga, in command of Lieut. Commander B. L. Brockway, left Seattle

on April 28. 1920, for Unalaska. The cutter had on board seven passengers for
transportation to various points in Alaska, four of whom were employees of
the Bureau of Fisheries. On May 7 she arrived at Unalaska. where all pas-
sengers left the vessel. The medical officer attached to the I'ualga inspecteil

the town of Unalaska and found the health and sanitary conditions to be
good.
On May 14 the Unalga left Unalaska on her first cruise in Alaskan waters.

She proceeded to Unimak Pa.ss, cruised along the southern sh<n-e of Unimak
Island, then visited Davidson Bank, and traveled along tlie fishing banks as far
east as Sannak Islands. During this trip no flsiiing vessels were sighted.
On .Tune 18 she left Unalaska for a cruise in the vicinity of Slime Bank. The

only vessel seen on this trip was the American schooner Wairona, to which
mail was delivered and to tlie crew of which medical treatment was afforded.
The cutter later left for the Pribilof Islands and cruised in that vicinity for
more than a week, but found no vessels in need of assistance. Two more trips

were made to the Pribilof Islands and Slime Bank and to other fishing banRs
in Bristol Bay as far east as Ugashik River. While on one of these crui.ses

the American schooner Citjf of Papeete was boarded and medical treatment
given to some members of her crew.
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On August 14 the commandiug officer of the Unalga, while serving in the

capacity of United States commissioner, acted as arbitrator in a labor dispute

at the Wood River cannery of the Alaska Salmon Co. Through his efforts a
reconciliation was effected and the men returned to work. * * * On
August 18 the I'nalga cruised over the fishing grounds off Hagemeister Island,

but sighted no fishing vessels while on this trip.

On October 20 Mv. A. H. Proctor, superintendent, Pribilof Islands, and
several natives, were transported to the northeast point of St. Paul Island

to obtain a quantity of salted sealskins, the motor boat of the Bureau of

Fisheries being disabled at the time. * * * On November 23 the cutter

proceeded to Sand Point, where the medical officer vaccinated a number of

persons. The vessel then left for Port Townsend and arrived there on
December 1, 1920.

The Algonquin, in command of Lieut. Commander W. A. Wiley, left Port
Townsend on April 30, 1920, on her cruise in Alaskan waters, and arrived at

Hydar, Alaska, on May 4. Four days later she proceeded to Ketchikan, where
.she remained until the 20th, awaiting the arrival of supplies forwarded to her

from Seattle. On May 20 she left Ketchikan and took up the seal patrol the

following day. Two herds, containing about eight seals each, were sighted

off Sitka in the evening. The cutter continued the patrol until May 24, when
she was called to Yakutat to transport a badly wounded Indian to the nearest

hospital. * * * A rumor that about 500 fur seals had wintered in the

vicinity of Attu was investigated, with the result that the report was found
to be erroneous.
On July 6 Lieut. Commander W. A. Wiley, having become ill, was forced

to relinquish command of the Algonquin, whereupon Lieut. Commander W. T.

.Stromberg assumed command. Lieut. Commander Wiley was invalided hom'e.

During the months of .lune, July, and August the Algonquin made a number
of cruises in the vicinity of the Pribilof Islands and to other places. While
on these cruises she carried United States mail, transported passengers,

delivered supplies for the Bureau of Education and others, and afforded

medical aid to the sick.

On September 11 the Algonquin left Uualaska for a cruise to Unimak
Island. Among others taken aboard for transportation to various points was
Warden J. N. Braun, Bureau of Fisheries, who desired passage to St. George
Island. On her return trip to Uualaska the cutter afforded transportation to

Mr. H. Silverstone, of the Bureau of Fisheries.'

On September 27. in compliance with the request of Mr. A. H. Proctor,

superintendent Pribilof Islands, a board was appointed to examine and I'eport

upon the machinery of the U. S. F. S. Eider. The board recommended that

urgent repairs be made to the vessel.

On October 10 the Algonquin, with the cutter Bear in tow, the latter having
become disabled, set a course for Seattle and arrived there on October 20.

* * * Preparations being completed, the cutter left Seattle October 28 on her

return to Bering Sea and arrived at Uualaska on November .^. * * * Her
duties being completed, the Algonquin left Uualaska on November 12 for

Seattle. On her return trip she stopped at Akutan, Lost Harbor, the canneries

at Ikatau and King Cove, Unga Harl)or. Valdez. Juneau, and other places.

* * * On November 28 the Algonquin left Juneau and arrived at Seattle on

December 2, 1920.

The Bear, in command of I.,ieut. ('onnnander F. S. Van Boskerck, sailed from
Seattle on iMay 8, 1920, for Alaskan waters. While en route the commanding
officer became ill. which necessitated fne vessel's stopiiing ;it Alert Bay,

British Columbia, where he disembarked to await transportation to Seattle.

The executive officer, Lieut. Connnander C. G. Roemer, then assumed command.
The cutter left Alert Bay on IMay 18 and arrived at Uualaska on May 27, whei-e

she delivered the United States mail.

On June 6 she left for a cruise to the Pribilof Islands. A number of natives

were afforded transportation on this trip. Navigation, especially in the vicinity

of Nome, was rendered extremely difficult, owing to the prevah^nce of ice.

On June 13 Lieut. Couunander F. S. Van Boskerck boarded the vessel at Nome
and resumed conunand. The Bear left for a cruise to St. Lawrence Island on

June 22. but owing to severe ice conditions, it was found impossible to make
a landing, so she returned to Nome, arriving there on September 21. * * *

On October 10 the Bear, in tow of the Algonquin, left Unalaska. On October

19 the cutter SnohomUh made contact with the vessels and relieved the Algon-

qnin of the tow, arriving at Bremerton Navy Yard ou October 23, 1920.
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The Dothn-cU, as part oL' tlio Bering Sea patrol force, reported for duty at

Uiialaska on AuKUst 1, 11)20. This cutter uiade cruises to Bo^oslof Island,

Akutau, False Pass, King Cove, Latouche. and otlier places. While on these
cruises the Jiotlnrell colU^cted certain geographic iiiforniation, made recon-

naissances of harhors, and delivered United States mail. On September 8 the

liothweU left Latouche on her return trip and arrived at Seattle on September
14. li)20.

In his report on the Bering Sea patrol rommander .T. H. Brown .states that

the lishing tieets were not operating during the s»'ason in accordance with their

usual schedule, and liecause of this tact but few of tiiese vessels were fallen In

with. He further states that there were no fishing vessels operating on the

Sauuak and Davidson Banks and but few on Slime I'.ank.

SEALING PRIVILEGES ACCORDED ABORIGINES.

One thousand two hundred and ei<rhty-five fur-seal skins were
taken by Indians off the coast of Washinoton during the months
of April, May, and June, 1920. These skins, together with two
more taken in June, 1919, were properly authenticated through the

cooperation of A. D, Dodge, superintendent of the U. S. Indian

School at Xeah Bay, Wash. These seals were taken by Indians of

the AVashington coast in accordance with the privilege granted by
the North Pacific Sealing Convention of July 7, 1911, and the act

of Congress approved August 24, 1912. Of the total of 1,287 skins,

656 were from male seals, 680 from females, and one from a seal

whose sex was not recorded.

JAPANESE SEALSKINS DELIVERED TO THE UNITED STATES.

On January 17, 1921, the Bureau was advised that 56 fur-seal

skins, constituting 10 per cent of the total number taken from the

Japanese herd on Robben Island in the season of 1920, were ready

for delivery to a representative of the United States. Under the

convention of July 7, 1911, the United States receives a share of

skins taken from the Japanese herd. Instructions were issuerl for

the shipment of these skins, and they reached San Francisco April 15,

being forwarded at once to the Bureau's an^ents at St. Louis, where

they were received on April 26. They will be dressed, dyed, and
machined in the usual manner and sold for the account of the

Government.



FUR-St CENSUS, PRIBILOF ISLANDS, 1920.

By G. Dallas Hanna.

I landed at the Pribilof Islands on June 16, 1920, from the TJ. S.

naval radio tender Saturn for the purpose of makmg a census
of the Alaska fur-seal herd which resorts there to breed. In order
to complete the work it was necessary at various times to travel

from St. Paul Island to St. George Island and vice versa. This
was effected through the courtesy of the commanding officers of the
jSaturn, the Coast Guard cutter Algonquin^ and the Bureau of
Fisheries vessel Eidei\ to all of whom my appreciation is extended.
The census was made possible through the active cooperation of

the superintendent of the Pribilof Islands, A. H. Proctor, in fur-

nishing material and labor on St. Paul Island when necessary. C. E.
Crompton, agent and caretaker, did likewise on St. George Island.

E. C. Johnston, storekeeper on St. George Island, ably assisted in

the actual census work as much as possible.

The methods used in counting and computing the various classes

as given below were similar to those which have been in use for

several years and which were outlined in the report of the Alaska
Fisheries and Fur Industries in 1918, page 116.

PUPS.

Distribution of Pups in 1920.

Rookery.
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The chief object in the counting of pups is the determination of
the avoia<io number of cows to each bull, or the average harem.
Since birth is given to but one young each year it follows that the
determination of the number of young will give the number of
breeding females, and by dividing this by the number of harem
bulls found earlier in the season the average harem is determined.
Obviously tlie greater the number of pups counted the greater the

accuracy of the census as a whole. Up to and including IDIG it was
possible to count this class on all of the rookeries. In 1917, however,
the greatly increased number of bulls prevented pup counting until

such a late date that breeding areas could not all be gone over. The
increase in size of the herd has further comi)licated matters. While
it is not physically impossible to make a complete pup count when
bulls are present in no greater numbers than in 1920, still a much
larger force of counters would be required for the work than has
heretofore been available.

Since 1917 a comparatively small proportion of the pups has been
counted. Rookeries have been chosen, however, which were believed
to represent the herd as a whole with regard to growth. They have
been, in the main, the smaller ones, in order to reduce to a mini-
mum the danger of loss from trampling bj^ bulls and from smoth-
ering.

Neither of these factors enters largely into the operations if a
competent force of Avhite men is performing the woi-k, because
there are expedients which can be used in emergencies which effec-

tually })revent deaths. For instance, if pups have piled up in the
counting and are in danger of smothering, they can be scattered

by a man wading into the mass. There is no other known means
whereby the animals can be spread out quickly enough to prevent
loss on a warm day. It so happens that the natives are entirely too
irresponsible to be depended upon in such an emergency. In seven
years of counting I have never seen one offer to do the scattering
in such an emergency. It is obviously impossible for the person
who does the actual counting to keep constant watch of the " pod-
ding" ahead of him, and if there should be no one else looking after

that part of the work danger is sure to result; this is particularly

true on the larger rookeries. Unfortunately the natives allowed
eight pups to smother on Zapaclni Reef rookery during the work on
St. Paul in 1920. They have been included among the live pups on
that rookery in the table because it is desirable to have the number
of dead represent the natural loss only.

In selecting rookeries for counting in 1920 it seemed desirable in

many waj^s to choose those which were counted in 1919. The work-
ing out of the average harem for those uncounted rookeries would
then give results Avhich Avere more strictly comparable than if new
territory were selected.

While it seems reasonable to suppose that any one rookery would
grow at the same rate as the herd, this is un:fortunately far from
the case. There is great variation among the several rookeries and
on any one from year to year. This makes the estimating of the

average harem on rookeries where pups have not been counted more
or less uncertain. But unless all rookeries are counted—a manifestly

impracticable task with a limited force and a large herd—no way
to avoid the difficulty is known, and the matter must devolve upon
the best judgment of those who have it in hand.
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Increase or Decrease in Number of Pups in 1920 from 1919.

Rookery.
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above and illustrates the value of having a comparatively large aver-
age harem. The various proportions of massed areas where death
rates are higli to scattered rock}^ areas where they are low have
been taken into consideration in arriving at the percentages. Also
of prime importance in this connection is the fact tliat the size of
the average hurcm in 1920 stands almost halfway between the figures

for 1915 and 1916. It is reasonable to suppose that the percentage
of dead pups would be governed thereby.

In the early da5^s of pelagic sealing, when large numl)ers of dead
pups were washed uj) by the surf, the imi)ression was general that the
animals were drowned by storms. The matter entered into inter-

national negotiations when it was maintained by the representatives
of the Government of Great Britain that this was a prime cause
of puj) mortality. The fact that starvation was the cause of death as

a result of the mothers having been killed by pelagic sealers was
thereby concealed.

Dr. F. A. Lucas ^ has shown the subject in its true light and com-
mented on the fallacy of the much-Haunted "" deadly surf nip." By
actual autopsy he demonstrated that the number of young animals
drowned was insignificant.

I i)ersonally had never had an opportunity to make any observa-
tions on the subject until 1920, because violent storms had never
occurred at the proper season during my seven years of work. But
this year a heavy gale from the southwest drove an enormous surf
into English Bay for three days during the latter part of July. It

was precisely the time for deaths from drowning to occur, if such
ever occur. Some pups are then dabbling in the edge of the water,
while man}^ others are young and weak.
After the storm thorough search of the entire stretch of English

Bay beach was made, where over a thousand had been counted at

one time during the days of pelagic sealing, but only 17 dead pups
were found there. Xot one of these 17 animals had drowned, and
the majority of them were in an advanced stage of decomposition.
They were simply some of the usual dead which had been washed off

the rookery.
Thus the findings of Dr. Lucas in this respect are completely

confirmed. Drowning is the cause of a very insignificant portion of
the loss of fur seals.

The intestinal parasite Uncinaria may be present among the pups
and may cause a few of the deaths recorded from year to year.
Autopsies were made in a few cases in 1920 where decomposition had
not proceeded too far, but in no instance could death be attributed
to this cause. It may be that the parasite is epidemic at periodical
intervals and will recur some time in the future. It is a point well
worth keeping in mind by future iuA^estigators.

In 1915 the presence of a considerable number of animals, both
young and adult, was noted and recorded which had the mange or
some skin affection allied to it to a greater or less degree. Each year
a few cases are seen, and they are usually marked hj the presence
of small, round, hairless spots. These a re known in the fur trade by

> Fur Seal Investigations, 1896-97, pt. 3, pp. 83-84.
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the erroneous term " rubbed spots." These are usually on portions of
the anatomy which could not be " rubbed " under any circumstances.
The number of cases of this disease gradually decreased to a mini-
mum by 1917, which remained constant through 1920.

Ectoparasites of the fur seal are very rare, although the enormous
amount of scratching which is visible in any " pod " would leave the
casual observer with the impression that the opposite is the truth.

In 1899 a louse, Hcematopinus callorhini Osborn, was described from
" a number of examples from the northern fur seal." And at the

same time a tick, Ixodes arctums Osborn, was described from a single

individual.^ I have made repeated search for these parasites, and
several years ago located the louse on pups. Not all are afflicted by
any means, but occasionally a few specimens can be secured from the
eyelids and less often in the fur of the head. No positive information
regarding the tick could be secured. A reward of $1 per louse

and $5 per tick has been offered to the native workmen who kill

and skin some 25,000 animals each year, but there have been only
negative results. This leads me to believe that the louse is almost, if

not wholly, confined to the pups, and very serious doubt is cast upon
the Ixodes arcticus being a parasite of the fur seal at all.

COWS.

The number of breeding cows in the herd corresponds to the num-
ber of pups, since the one is derived directly from the other. There
naturally exists in any year an excess of adult females over young,
because there are always a few barren animals. The number, how-
ever, has never been considered other than inconsequential and is

very properly ignored. The increase or decrease, in fact the exist-

ence of the species, is dependent upon the fertile cow ; the others in

no laiown way enter into commercial operations of man.
Formerly it was supposed that the cows which resorted to the

hauling grounds with the bachelors were barren, but this is not the
case at all. Thirteen cows which had been accidentally killed on the
fields during the past four years have been examined and only one
was found barren. Several of them had already given birth to

young, but others had not, while the majority were 2-year-olds with
reproductive organs normal in every way.

LOSS OF cows ON THE ISLANDS.

The spreading of the bulls incident to the larger average harem
produced a noticeable decrease in the death rate of cows on the
breeding grounds. Since much of the turmoil and fighting of the
past three years was thus done away with, such a result would be
naturally expected. During the counting of 15,9G5 pups 9 dead
cows were found. This is a percentage of 0.000563. which applied to

the entire herd gives 94 as the total number. Comparable figures for
preceding years were : 195 in 1919, 213 in 1918, 129 in 1917, and 39
in 1916. It shows that in spite of the increase in the herd there

iPur Seal Investigations, 1896-97, pt. 3, p. 553.
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has been an actual decrease in the number of dead cows, and it con-
stitutes, alonof with the low death rate of pups, the strongest argu-
ment in favor of a reasonably large harem.

In addition to the decrease in number of dead cows found, there
was a very noticeable decrease in the number of those which had
been bitten and torn by the bulls. In no instance was an injury seen
which was believed to be serious.

The closing of commercial operations on July 31 instead of Au-
gust 10 is even more necessary now than heretofore, and it is again
urged that this action be delayed no longer. It is well known that
up to 1910 the Government prohibited the leasing companies almost
every year from conducting sealing after July 81 on account of the
number of cows which Avould otherwise be driven and unavoidably
killed. This was a very efficient and sensible regulation and should
by all means be inaugurated in the work of the Government.
During the commercial operations of 1917, 1918. and 1919 it has

been pointed out many times that the resorting of the cows to the
hauling grounds of the bachelors after August 1 interfered con-
siderably Avith the work and caused the death of some of them. This
flocking of the females to the hauling grounds is due chiefly to the
fact that the breeding season has passed and they are free to move
wherever they will. When bulls were abundant to replace each other
on the rookeries, they held the cows longer in the harems. But the
increase in the average harem in 1920 gave the cows a great deal
more freedom than they had had for three years. This was evi-

denced by their flocking to the hauling grounds in greatly increased
numbers. It was no uncommon thing on St. Paul for 250 cows to
come up in a single drive after August 1. And on St. George they
Avere so abundant that Avork was A^ery seriously hampered. Naturally
some of them were killed; not a large number, to be sure, but it is

impossible to conduct the killing with reasonable dispatch so that all

will be spared. Some accidents are unavoidable, because the 3-year-
olds of both sexes are almost indistinguishable eA^en to the
practiced eye. The native Avorkmen are ashamed of the work and
unless importuned will not report the killing of a cow.
We may grant that the number of females killed by the extension

of the season to August 10 is insignificant. Their value to the herd
may not be as great as the increased rcA-enue secured by the addi-
tional take of males; a simple calculation will demonstrate that.
But the driving of these scA-eral thousand mothers, heavy with milk,
is A^ery inhumane to say the least. And if Ave may judge by the
effect of similar exertion upon domestic animals permanent injury
in many cases results. The long driA'es particularly tire them to the
point of exhaustion, sometimes even to death. In dry weather the
skin is worn from the flippers and leaA'es them raw or bleeding. All
of these details are better left untold, but are giA^en in hopes that the
real importance of the situation will become apparent and that 1921
Avill see no driving permitted after July 31. We all of course Ioioav

that it is not necessary to drive after that date in order to reduce
the excess number of males satisfactorily. Forty years of com-
mercial work has demonstrated that point.
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LOSS OF COWS AT SEA.

It has been ascertained several times the past few years that the
loss of COWS at sea the first three years is approximately 50 per cent

of all of those born. No data have come to hand which call for a

revision of this result. It is an enormous death toll, and though it

is almost certainly due to the woik of some pelagic enemy, we know
very little of it. Killer whales are knovN^i to devour the animals and
are suspected of being their only enemy, yet proof is not to be had.
Bryant has recorded the taking of 18 and 24 fur-seal pups, respec-

tively, from the stomachs of two killers—$2,000 meals, each of them.
The investigation of this matter is one of the important tasks for the
future. There are few studies which promise such fruitful results

as would attend the successful solving of this problem. The pro-
tection afforded the cows and the consequent increased rate of growth
of this class Avould be the permanent and most important benefit to

the species and to man.

Actual figures as to the number of fur seals killed at sea under
the treaty provisions allowing aborigines to hunt them are not yet

available to me. Dispatches in the daily press, however, indicate

that they are assuming proportions little short of alarming.

The proportions of the sexes taken in this pelagic catch are not
known, but there is good reason to suppose that it consists largely

of females. For the sake of convenience it may be assumed that

2,000 females were killed altogether on all coasts. This would
reduce the Pribilof herd by double the number, or 4,000 in 1920,

because the unborn pup is destroyed with the mother. In other
words, the mainstay class of the herd has been reduced in a single

season by over 1 per cent.

This matter is called to attention in the hope that a beginning may
be made in solving the difficulty. Rather than have cows slaugh-

tered it would be far preferable, if skins the Indians must have, to

do as we have with Great Britain and Japan, give them an equiva-

lent number of males from the land catch.

BRANDED ANIMALS.

Cows bearing the inverted T brand of 1912 on the top of the head
Avere, as usual, in evidence on many of the rookeries. At Lukanin
on St. Paul Island one was noted which was not believed to have
been many hours out of the water. Two days later she had given

birth to her pup but was located in a harem two bulls removed from
where she was first seen. She was then seen each day until the

eighth after her arrival. She could not be located later on the

rookery, although she must have returned to nurse her pup. This
confirms almost exactly a record made by W. I. Lembkey on the

same rookery in 1902.

Further information was gained regarding those branded animals

which may be conveniently classed as the 1902 series. A close study

of them was begun in 1918 and the subject is dealt Avith at some
length in the Alaska report for that year, pages 121 and 122.
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The brands of this series consisted of one or more bars burned
across the back or in a few cases with a ]on<i!;itiJ(linal bar on the side
combined witli a cross bar. The worlc had for its object at the time
of its inception the depreciation of the skin of the female to such an
extent that it would be unprolitable for pehif^ic hunters to take it.

The first experimental brands were put on in ISDO, and when the
operation was found to be practicable it was continued each season
thei-eafter until 19()-2 on St. Paul Island and to 1903 on St. George
Island, when it was abandoned. W. I. Lembkey states ^ that it Avas

stopped in 1903 by departmental order. It was found a useless pro-
cedure in so far as the original objective was concerned.
A table was published in the 1918 report, page 1'22, which showed

the totals branded each year on St. Paul. It included St. George
also for 1S96 and 1897. Subsequent records for the latter island

could not then be located. Mr. C. E. Crompton has since found some
of them and has kindly furnished them to me for use in this report.

His records show the brandings on the smaller island for 1901 to

1903, inclusive, and they are embodied in the tables given below.
Thus we now have the complete record of this work in so far as the
island journals are kept, except for St. George Island, for the three

years 1898, 1899, and 1900.

The records secured by Mr. Crompton failed to include one for

October 12, 1903, of which I find a published statement in Appendix
A to Hearings before House Committee on Expenditures in the De-
partment of Commerce, page 100. It is there stated by Chichester

that 274 pups were branded on that date. These have been added to

the St. George totals for that year.

Femalk Pups Branded 1S96 to 1903.

Year.

1896
1897
1898
1899
1900
1901

1902
1903

Total

St. George
Island.

Total.

162
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Female Pup Pur Seals Branded on St. Paul and St. George Islands,
1896 TO 1903.

Year.
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This leads to interesting speculation upon the comparative mor-
tality of the sexes. But it will be sufficient here to dismiss the subject
with the observation that no record is known to me of any individual
bull having returned to the rookeries for more than three successive
years. It is believed, however, that in the majority of cases they do
return for at least five years.

Undoubtedly a mistake was made once in the branding in sorting
the sexes, and a male pup got the mark across his back, lie developed
and occupied the same position on East Cliffs Rookery for three suc-
cessive years, 1913, 1914, and 1915 In his last year he had to be at
least 12 years old.

BULLS.

HAKEM AND IDLE BULLS.

At the height of the breeding season the bulls which had harems
and those usually termed idle were counted with the greatest possible
accurac3^ Steps have already been taken to adopt certain rookery
improvements whereby this important count can be continued in the
future, regardless of how^ large the herd becomes. Experiments with
a stable skeleton tripod in 1920 demonstrated the superiority of such
a structure over any form of elevating apj^aratus previously tried.

The manner in which this was used is shown in figure 3.

By placing such a tripod near the beach line and having a skeleton
walkway leading to it over the seals, a cheap and very effective

means of counting large flat areas Avill be provided. It is expected
that this will be tried out thoroughly in 1921. A few permanent
markers on the breeding areas to divide them into sections should
enable the enumerator to have absolute confidence in his result.

On account of the absence of some trustworthy manner to ^et up
high enough to view the rookeries the harem counts since 1917, when
bulls became very abundant, have not been as good on the large
rookeries as desired. Many expedients have been used to help, such
as counting from a boat, erecting markers of driftAVOod, climbing a
long ladder, as w^ell as natural elevations, Avhich are sometimes
reached with great danger; but all were more or less makeshifts,
which it is planned shall be abandoned.
Although there doubtless is an error in the number of harems given

for the larger rookeries, it is really verv small and is conservatively
estimated to be not greater than one-half of 1 per cent. The desir-

ability of having even this small variation corrected is due to the fact

that this is the basis of the census. A small error here will multiply
throughout the computations.
The decrease in the number of bulls from 1919 was apparent not

only in the records; on the rookeries it was very much safer to ap-
proach counting points, and disturbance of even the rear harems
rarely resulted. There appeared to be a general " loosening up " of
the compact areas maintained Avhen the bulls were stationed closer

together, so that the increase of area over 1919 appeared to be more
than the figures indicated had been the increase in cows.

If it is possible to do so in the future, the counting dates on St.

George Island should be set back to correspond with the beginning of

the count on St. Paul Island. It has heretofore been customary to

54777°—21 8
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make it after the St. Paul count, when one person was oblig'ed to do
both; and in 1920 it was thouo;ht best to continue the usual dates.

However, if there is some one on the smaller island to whom the work
can be delegated, it should be done. It was quite evident that harems
had begun to break up, and some of the bulls which had completed
their duties had resorted to the hauling grounds and elsewhere before
the count was finished. Their places had been filled, of course, but

it is better that the count be made just as the first harem masters are

leaving.

Before the count w^as made it was plainly to be seen that the class

formerly called " surplus bulls " was not large enough to warrant
much killing. It had been the practice in 1917, 1918, and 1919 to

class those animals which were found in apparently permanent posi-

tion as " idle bulls " and others which evidently moved from place to

place as "surplus bulls." Naturally, these latter did not constitute

the whole of the class, because there were always some on the hauling
grounds and in the water in front of the rookeries. Since conditions

in 1920 had closely approached those of 1916 in this res]:)ect, it seemed
entirely proper to follow the former practice and spare the class in

the killings. By doing this there is a " margin of safety " for the

breeding males which is maintained without entering into the com-
putations.

Harem and Idle Bulls and Percentage of Idle Bulls to Harem Bulls Com-
pared TO Average Harem, 1920.

Rookery.
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these classes in 19*20 than there were in 1917. Actual numbers, how-
ever, mean nothin^f in this connection. The important features are
the ratio of idle bulls to harem bulls and the averafje harem. Condi-
tions for the series of years 1912 to 1920 are best shown in tabular
form as follows

:

^'AulATIo^•.s IN Adult Bx'lt. Classes and Ratto of Idlk to Harem Bulls, 1912
TO 1920.
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Average Harem in 1920 for ali, IIookeries.

Rookery.

ST. PAUI, ISLAND.

Kitovi
Lukauin ,

Gorbatch
Ardiguen
Reef
SivTitch
Lagoon ,

Tolstoi
Zapadni
Little Zapadni.
ZapadniReef...
Polovina
Polovina Cliffs..

Little Polovina.
Morjovi.

3,764
2,932

10, 251

1,180
23, 638

8,375
341

17, 286
16, 399
12, 494

532
6,006
2,573
1,711
2, 936

Vostochni ' 32,857

Breeding
cows.

Total 143,275

Total for rookeries counted ' 12,388

ST. GEORGE ISLAND.

North
Staraya Artil.
Zapadni
South
East Reef
East Cliffs....

Total

Total for rookeries counted

.

Total, both islands. .

.

9,126
5,944
907
99

2,571
5,605

24, 252

3,577

167,527

Harem
biUls.

132
95

253
40

528
190
14

408
423
297
28
177
86
49
97

725

3,542

402

Average
harem
1920.

1 28. 52
1 30. 86
1 40. 52
1 29. 50
1 44. 77
144.08
2 24. 36
1 42. 37
1 38. 77
1 42. 07
2 19. 00
2 33. 93
2 29. 92
1 34. 92
2 30. 27
1 45. 32

40.45

30.82

199
112
27
4

67
115

524

1 45. 86
1 53. 07
2 33. 59
2 24. 75
2 38.37
1 48. 74

Average
harem
1919.

46.28

I 23. 00
1 25. 34
134.00
1 25. 00
I 31. 19
1 30. 50
2 26. 18
1 29. 79
126.19
1 29. 49
2 21. 57
2 30. 18
2 23. 01
131.66
2 20. 69
I 30. 74

29.28

25.19

1 39. 12
2 46. 34
231.74
2 13. 60
2 31. 56
1 42. 00

39.76

39.42

30.47

1 Estimate. 2 Pups counted.

LOSSES OF BULLS AND YOUNG MALES,

In 1911 and 1912, when legislation was proposed which would
prohibit the killing of the surplus males of the fur-seal herd on land,

the princii^al objection raised was that a vast oversupply of breed-

ing males would result. In view of the fact that commercial opera-

tions were curtailed for six ^^ears, it will be profitable to review con-

ditions from the standpoint of the effect of the class on the herd.

The law which established the closed period of 1912 to 1917 became
effective on August 24 of the former year. The action had been
anticipated, however, and, since the intention of Congress was
obvious, it was put into effect in the killing season of 1912. This
made the closed period cover six seasons. It will be recalled that

the herd had been reduced to its lowest point during American own-
ership in 1911 through the activities of vessel killings at sea. The
major portion of the pelagic catch consisted of females. The surplus

males up to 1910 were taken on land by private corporations which
had leased the privilege, and in 1910 and 1911 by the agents of the

Goverimient. Under those methods over 95 per cent of the males
were removed and there were left for breeding an average of ap-

proximately 1 male to 60 females. Investigators generally agreed
that this ratio was sufficient.

On account of the low figure to which the herd had been reduced,

however, it was feared that the vitality of the species had been
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impaired. It was argued that the herd wouki be benefited by leav-

ing it unmolested by man for a period of years and allowing natural
selection to become effective for a time in reducing the number of
males.

In a state of nature the polygamous habits of the animals are such
that the removal of the excess number of males is effected by fight-

ing. It was believed by some that onl^^ the most virile of the males
would survive the battles which would inevitably result from the
failure of man to remove the excess. An improvement in the breed-
ing stock was thus anticipated. Apparently the fact was overlooked
that when a finish fight between bulls takes place neither the victor

nor the vanquished is of much value thereafter as a breeder. Both
are exhausted.
When the law of 1912 became effective there were 1,358 harem

bulls in the herd, or 1 to 59.8 cows. Naturally, no immediate increase
in the number of bulls nor reduction in the average harem could be
expected, hence we find practically the same condition in 1913 and
1914. It was necessary to wait until those animals 3 years old and
over in 1912 became old enough and strong enough to enter the
rookeries before any result would become noticeable.

In 1915 we find a slight increase in the number of bulls. The
average harem was 48.13. But since those animals 3 years old in
1912 could not have entered the rookeries until they were 8 years
old, or in 1917, the cause of this increase in bulls must be looked for
elsewhere than from the closed season. It could not possibly result
from anything but ample reserves made by the Government agents
during the commercial operations in the seasons immediately pre-
ceding 1912.

The same is true for the season of 1916, when there was a further
decrease in the average harem. This was undoubtedly the result of
reserves made during the season of 1911 and previously.
In 1917 there was an enormous increase in the number of bulls.

This was the first influx due to the closed season. The average
harem went down to 26.39, which we now know to be about as small
as it can go, regardless of the number of males present. The habits
of the bulls are such that the massed areas would be the scene of
continual and disastrous fighting if the males were separated by
much less than the space occupied by the minimum average harem.
A further large increase in males in 1918 was due to the absence

of killing in 1913. This increase, however, failed to reduce the size

of the average harem from the minimum found the previous year.
There was thus built up an enormous excess of male life, which no
known means enabled us to estimate with reasonable accuracy.
There were no data upon which to estimate a natural loss. For-
tunately for these computations, Ave have had the ages of animals
killed determined for several years. This is accomplished on the
killing fields by measuring the length of the freshly killed animal
by means of a pair of beam calipers. The measuring of a series of
branded males of known age permitted the establishment of stand-
ards showing the prevailing body length for each age, and the
recording, in the proper categories, of field measurements of seals

killed completed the classification.

By consistent efforts the greater portion of the excess of males
had been removed by 1920, so that the average harem increased to



118 U. S. BUEEAU OF FISHERIES.

41.20. Recentl}^ acquired information enabled the computation with
reasonable accuracy of the number of adults in existence in addi-
tion to the harem bulls and idle bulls. And since Ave know the
number of births, it now becomes possible for the first time to
compute the average natural loss from the third year to maturity.
It gives the first concrete information ever available upon the size

of a reserve which should be made in the third year to supply the
herd with stock at maturity.

In order to present the figures intelligibly, the following table
has been prepared. The figures have been taken from the various
census reports since 1914. Nothing has been deducted for natural
mortality from the third year on. Only animals killed have been
removed from the various classes.

Assumed Male Strength of Herd in 1920 Exclusive of Natural Loss.

Class.
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age of females, but there are so many differences between the sexes
or this species that the age of the male can no longer be based upon
that of the female.

The conditions outlined above are those which are believed to
exist when thei-e is a great excess of males. If they had been re-

moved by man so that only approximately enough remained for
breeding purposes, the losses during the seventh, eighth, and ninth
years would not be so heavy. Also it is probable that the bulls live

longer when there is no fighting than when the}'^ have to wear them-
selves out in maintaining a harem position.

It, therefore, becomes apparent that conditions which obtained
during 1917, 1918, 1919, are not normal and may never occur again.
Everything now indicates that the younger animals suffered a
practicall}' constant mortality until the seventh year, and then their
losses amounted to 50 per cent or more annuall3\ Under normal
conditions with the great excess removed by man, the loss after the
seventh year would be variable and dependent upon the care given
to the reserving of a proper number of bulls.

It seems unnecessary here to make ar1)itrary assumptions for the
annual losses of the class which was termed in 1917~1919 " surplus
bulls." It is definitely known that the}^ were greater than the losses

assumed and deducted. Thus in 1919, 50 per cent was estimated to

have been the loss from the third year to and including the surplus
bull class; that is, animals 7 j^ears old and over. If the loss had
been estimated at 50 per cent from the third year to the seventh
and at least that much annually thereafter, it would have come nearer
the actual condition. But there was nothing until 1920 which would
cause one to suspect that the loss had been so enormous.

It now remains to determine what the annual loss of males is from
the third year on, when average conditions accompanying commercial
work exist. A division which is more or less arbitrary for all ages is

as follows: First year, 35 per cent; second, 15 per cent; third, 10
per cent ; fourth, 10 per cent ; fifth, 10 per cent ; sixth, 20 per cent

;

seventh, 20 per cent; eighth, 25 per cent; ninth, 30 per cent; tenth,

40 per cent; eleventh, 50 per cent; twelfth, 60 per cent; thirteenth,
70 per cent; fourteenth, 80 per cent; fifteenth, 100 per cent.

Considerable of the above is conjecture, but it is believed to rep-
resent fairly accurately the conditions existing in 1920. It will be
noted that there is a slight revision of the percentages lost from the
first to the third year. This does not materially affect the result and
gives a working basis for the future. Doubtless additional investi-

gation will adjust any irregularities in the table. It has been used
in the preparation of the final census for 1920.

These new percentages of loss were obtainable in 1920, because
early in the season it was seen that the surplus believed to be in ex-
istence from the accumulation of the closed period did not appear.
It was evident that if the bulls were coming at all they would have
been at the islands before the middle of July. Since they did not
appear at that time it was recommended that no more be removed
from the herd. As it turned out the counts at the height of the sea-

son showed that a few more could have been removed with safety.
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COMPLETE CENSUS OF FUR SEALS AS OF AUGUST lo, 1920.

Pups, counted and estimated 167,527

Breeding cows, 3 years old and over, by inference 167, 527

Harem bulls, counted 4,066
Idle bulls, counted 1,161
Yearlings, male and female, estimated

:

Pups born in 1919 157,172
Deduct 35 per cent for natural mortality 55,010

Yearlings, both sexes, beginning 1920 102, 162
Yearling females, 50 per cent, Aug. 10, 1920 ^ 51, 081 51, 081

Yearling males, beginning of 1920 51,081
Yearling males killed in 1920 7

Yearling males, Aug. 10, 1920 51,074
2-year-olds, male and female, estimated

:

Yearling females, Aug. 10, 1919 46, 447
15 per cent deducted for natural mortality 6, 967

2-year-old females, Aug. 10, 1920 39, 480
Yearling males, Aug. 10, 1919 46,444
Yearling males killed, fall of 1919 7

Yearling males, end of 1919 46, 437
15 per cent deducted for natural mortality 6, 966

2-year-old males, beginning of 1920 39, 471
2-year-old males, killed in 1920 360

2-year-old males, Aug. 10, 1920 39,111
3-year-old males, estimated

:

2-year-old males, Aug. 10, 1919 33,081
2-year-old males killed, fall of 1919 214

2-year-old males, end of 1919 32,867
10 per cent deducted for natural mortality 3, 287

3-year-old males, beginning of 1920 29, 580
3-year-old males killed in 1920 18,831

3-year-old males, Aug. 10, 1920 10, 749
4-year-old males, estimated

:

3-year-old males, Aug. 10, 1919 13, 596
3-year-old males killed fall of 1919 820

3-year-old males, end of 1919 12, 776
10 per cent deducted for natural mortality 1,278

4-year-old males, beginning of 1920 11, 498
4-year-old males killed in 1920 5, 831

4-year-old males, Aug. 10, 1920 5, 667
5-year-old males, estimated

:

4-year-old males, Aug. 10, 1919 5, 747
4-year-old males killed fall of 1919 66

4-year-old males, end of 1919 5, 681
10 per cent deducted for natural mortality 568

5-year-old males, beginning of 1920 5, 113
5-year-old males killed in 1920 106

5-year-old males, Aug. 10, 1920 5, 007
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6-vear-old males, estimated

:

5-year-old males, Aug. 10. 1919 5,282
5-year-old males killed fall of 1919 37

5-year-old males, end of 1919 5,245
20 per cent deducted for natural mortality 1,049

6-vear-old males, beeinuing of 1920 4, 196
6-year-old males killed in 1920 43

6-year-old males, Aug. 10, 1920 4,153
Surplus bulls (7-year-olds and over), estimated:

6-venr-old males, Auii". 10. 1919 8,991

6-year-old males killed fall of 1919 300

6-year-old males, end of 1919 8, 691

20 per cent deducted for natural mortality 1, 738

7-year-old males, beginning of 1920 6,953

Surplus bulls, Aug. 10. 1919 9,619
Surplus bulls killed fall of 1919 980

Surplus bulls, end of 1919 8, 639
30 per cent deducted for natural mortality 2, 592

Remaining surplus bulls for 1920 0. 047

Breeding bulls of 1919 7,397
30 per cent deducted for natural mortality 2, 219

1919 bulls remaining in 1920 5. 178

Breeding bulls in 1920 5, 227
1919 bulls remaining, deducted 5, 178

Increment of new bulls in 1920 49

7-year-old males computed for 1920 6, 953
Surplus bulls computed for 1920 6. 047

Total theoretical surplus bull stock for 1920 13, 000
7-year-olds and over killed in 1920 721

Total surplus in 1920 12, 279
Increment of new breeding bulls in 1920, deducted 49

Surplus bulls in 1920 12, 230
50 per cent deducted for abnormal losses due to excessive
number of bulls 6, 115

Surplus bulls, Aug. 10. 1920 6, 115

RECAPITI'LATTON

.

Pups 167,527
Cows 167,527
Harem bulls 4, 066
Idle bulls 1, 161

Yearling females 51, 081

Yearling males 51. 074
2-year-old females 39, 480
2-year-old males 39, 111

3-year-old males 10. 749
4-year-old males 5, 667
5-year-ol(l males 5, 007
6-year-old males 4, 1.53

Surplus bulls (males 7 years old and over) 6, 115

Total 552,718



NATURAL-HISTORY RECORDS OF PRIBILOF ISLANDS.

By G. Dallas Hanna.

It seems to be highly desirable that there shall be published in a

readily accessible place a resume of the scientific work which has
been done in connection with the biology of the Pribilof Islands.

This group of islands has been more intensively studied than any
other similar area in Alaska and will continue, doubtless, to attract

attention in the future. Records of publications on the various
groups of plants and animals are often widely scattered, and em-
ployees of the Bureau stationed on the islands have little opportunity
to search for them.
The last bibliography of the subject was published in 1915 in a

report by Osgood, Preble, and Parker.^ This list was known to be
incomplete at the time of its preparation and was intended to cover
the subject " fur seals" only. Yet it is very valuable to anyone who
has occasion to study the literature of the Pribilof Islands.

The following list is the result of note taldng through several suc-

cessive years and is intended to cover the general natural history of
the islands in so far as I have the records. It also is known to be
incomplete, but it takes up the most important work which has been
done since the appearance of the above-mentioned bibliography. In
some cases papers published prior to 1914 are included because of
their interest to island students.

It should be explained that in addition to the following titles many
Pribilof Islands records are contained in general publications which
are not listed. For instance, Dall ^ has mentioned a large number of
marine mollusks from the Pribilofs in his work on Northwest Coast
Shells. The same is true of birds in Ridgway's " Birds of North and
Middle America,"^ Hamilton's " Coleoptera of Alaska,"* Evermann
and Goldsborough's "Fishes of Alaska,"^ and others. A new work
is expected from the National Herbarium soon and it will contain
full records of Alaska plants, including those from the Pribilof

Islands.

The report of Alaska Fisheries and Fur Industries in 1918 (Bu-
reau of Fisheries Document No. 872, pp. 105-107) contained a check
list of birds of the Pribilof Islands, Alaska, with the names of per-

sons first recording the species from the islands. This list contained
names of 129 species and subspecies. It has been increased by six,

the first three added in 1920, the fourth restored on evidence col-

1 The Fur Seals and Other Life of the Pribilof Islands, Alaska, in 1914. Bulletin, Bureau
of Fisheries, Vol. XXXIV, 1914 (1916), pp. 149-1C7. Washington, 1915.

-U. S. National Museum, Bulletin 112. 1921.
s U. S. National Museum, Bulletin 50.
^ Transactions, American Entomological Society, Vol. XXI, pp. 1-38. 1894.
6 Bulletin, U. S. Bureau of Fisheries, Vol. XXVI, pp. 219-360. 1906.
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lected durinjr the wintor of 1919-20, and the remaining two recorded
in 1921

:

Limnocrj/iitcx i/alliniila, Kuroppun Jack-snipe.^"
Macrorhaiuphus uriKCus scoloixicciis, LoiiK-billod Dowitcher.^
Passcrclla iliaca inKilasclinusi'i, Sluuiiafriii Fox Sparrow.'
Conns cora.v itrinriintlix, Nortliorn Kaven.
Micropiis ixtciJicitH. Ja panose Swift.^''

Lodiii Icucoptera Iciicoptcra, White-winged Crossbill.^

This brings the total number of species known from the Pribilof
Ishinds up to 135. All but six of these records are supported by
specimens in some public museum. Since the 1918 list was com-
piled the little brown crane has been collected, but the restoration
of the raven keeps the number of uncollected species the same as
at that time.

In the paper by Mailliard and Hanna' a few corrections of former
records were made. It was decided that the citation of Arquatella
maritima couesl, Aleutian sandpiper, from the Pribilof Islands, by
Scale' was unwarranted, and the record would have to be based on
later work. A specimen taken on St. Geortje Island February 12,
1917. by G. Dallas Hanna, was referred to in support of the record.
The specimen is noAv in the National Museum.
The credit for recordino; Pisohia aeuminata, sharp-tailed sand-

piper, was given to Bishop^ in the 1918 list as Grinnell* had done.
Seale, however, had recorded it three years previously.*

The record of Larus hyperhoreus hyperhoreus^ glaucus gull, by
Oberholser, cited in the 1918 list, is rather obscure. It is to be found
in The Auk, Volume XXXV, No. 4, page 470, October, 1918. The
subspecies L. h. haroviamis, first taken by Palmer, is also listed by
Oberholser from the Pribilofs on page 473 of his article.

BIBLIOGRAPHY.

FUR SEALS.
Appendix A.

1911. Appendix to Hearings before the Committee on Expenditures in
Department of Commerce and Labor, House Resolution No. 73, to
investigate tlie fur-seal industry of Alaska ; June 2iS and July 6,
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the Committee on Expenditures in Department of Commerce and
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1 Hanna, G. Dallas : New and interesting records of Pribilof Island birds. Condor, Vol.
XXII, No. 5, pp. 173-175. September, 1920.

- New to North America.
' Mailliard, Joseph, and G. Dallas Hanna : New bird records for North America with

notes on the Pribilof Islands list. Condor, Vol. XXIII, No. 3, pp. 93-95. 1921.
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^ Bishop. Louis R. : Birds of the Yukon region, with notes on other species. Nortli
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U. S. Commissioner of Fisheries, 1920, pp. 104-121.
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Committee on Expenditures in Department of Commerce and
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appeared as U. S. Bureau of Fisheries Document No. 748. Quoted
complete in Pur Trade Review for November, 1911, pp. 79-86.

Lembkey, W. I.
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1910: pp. 1011-1044. Uncorrected page proof. Also published
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they contain a great deal of information on the censuses of fur
seals for the several years mentioned.]
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1911. Report of the census of fur seals in 1906 and other matters. Ap-
pendix A, hearings before the Committee on Expenditures in De-
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Sims, E. W.
1911. Report on coiKlitions on the fur-seal islamls. Dated Auj?iist 31, 1906
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appendices onutted. Ajjpendix A, lieariuss before the Committee
on Expenditures in Dei)artnient of Conunerce and Labor, pp. 378-

402. Criticism and conunent, i>p. 40:i-434, and on p. 459. [Tlds

important document was published separatel.y, but is exceedingly

rare. It probably did more to secure the abolishment of pelagic

sealing and provide adequate patrol than any other work.]

FOXES.

Judge, .Tames.

1909. The blue foxes of the Pribilof Islands. Report of American Breed-

ers' Association,' Vol. V, pp. 325-340. Also in Fur farming in

Canada, by J. Walter Jones, pp. 71-80; published by Gonuuission

of Conservation, Ottawa, Canada, 1914. [This article gives an
account of the methods of farming blue foxes which were developed

by Mr. Judge on St. George IsUiud. The Judge method is the only

one which has proved successful witii this species and the results

now being reaped are a tribute to the zeal of the man who had
the courage to overcome the obstacles in his way.]

Merriam, C. Hart.
1902. Four new Arctic foxes. Proceedings Biological Society of Wash-

ington, Vol. XV, pp. 167-172, 1902. On page 171 Vulpes pribilofensis

is described as new from St. George Island. This is listed as

Alopex pribilofensis (]Merriam) by IMiller in his North American
Laud INIanuuals in Bulletin No. 79, U. S. National Museum, p. 82,

1912.

BIRDS.

EVEBMANN, Barton Waeren.
1918. Eighteen species of birds new to the Pribilof Islands, including four

new to North America. The Auk, Vol. XXX, No. 1, pp. 15-18,

January, 1913.

Hanna, G. Dallas.
1916 Records of birds new to the Pril)iIof Islands, including two new to

North America. The Auk, Vol. XXXIII, No. 4, pp. 401-403, 1916.

[Thirteen species new to the islands are here recorded.]

1919. Additions to the avifauna of the Pribilof Islands, Alaska, including

species new to North America. Journal, Washington Academy of

Sciences, Vol. IX, No. 6, p. 176, 1919. [Here appears a list of the

new birds for the Pribilof Lslands, recorded in greater detail in

The Auk. Vol. XXXVII. pp. 248-254, 1920. Also see The Auk,

Vol. XXXIII. p. 443, 1919.]

1919a. Check list of birds of the Pribilof Islands, Alaska, with the names of

persons first recording the species from the islands. In Alaska
fisheries and fur industries in 1918, by Ward T. Bower, Appendix
VII, Report, U. S. Commissioner of Fisheries, 1918, pp. 105-107.

1920. Additions to the avifauna of tlie Pribilof Islands, Alaska* including

four species new to North America. The Auk, Vol. XXXVII, pp.

Vol. XXII, pp. 173-175, 1920. [Three species new to the islands

are here recorded.]

1920a. New and interesting records of Pribilof Islands birds. The Condor,

Vol. XXII. pp 173-175. 1920. [Three species new to the island

list are here recorded, including one new to North America. An-
other species is restored to the list, and there is given in tabular

form a list of the breeding species on each of the five islands of

the group.]

1920b. Birds of the Alaska fur-seal islands. The Gull, Vol. 2, No. 12, 1920.

[Abstract of lecture given before the Audubon Association of the

Pacific]

1921. The Pribilof sandpiper. The Condor, Vol. XXIII, pp. 50-57, 1921.

[An account of the nesting habits, migrations, etc., with a photo-

graph of the eggs.]
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Judge, James.
1911. A report on Walrus Island. Appendix A, Hearings before the Com-

mittee on Expenditures in Department of Commerce and Labor,

pp. 907-912. [A detailed account of this wonderful bird rookery
and its birds. Additional information on natives' egging expedi-
tions is given on p. 1180.]

Mailliard, Joseph, and G. Dallas Hanna.
1921. New bird records for North America, with notes on the Pribilof Island

list. The Condor, Vol. XXIII, pp. 93-95, 1921. [Two species new to

the Pribilofs are here recorded, and the entire list is corrected up
to date, as shown in the notes herewith.]

Oberholser, Harry C.

1918. Sulispecies of Lams liyperhoreus. The Auk, Vol. XXXV, p. 470, 1918.

[Two subspecies of the glaucous gull are recorded here from the
Pribilofs, one of them for the first time.]

Riley, J. H.
1917. A bird new to the North American fauna. The Auk, Vol. XXXIV,.

p. 210. [The Kamchatkan pine grosbeak, collected by A. H. Proc-
tor, is here recorded from St. George Island.]

MISCELLANEOUS.
Allen, J. A.

1902. The hair seals (family Phocidse) of the North Pacific Ocean and Ber-

ing Sea. Bulletin, American Museum of Natural History, Vol. 16,

pp. 459-499, 1902. [On page 495 is described Fhoca ricliarCu

priMlofensis, a new subspecies from the Pribilof Islands, collected

by C. H. Townsend. On page 493 Phoca ricliardu is recorded from
the islands, and on page 475 True's record of the ribbon seal

Histriophoca fasciata is repeated. Allen does not mention the
bearded seal {Erignatlms harbatus) from the Pribilofs; it is known
to have been taken on St. George Island on two occasions, however,
the first authentic record having been made by C. E. Crompton
from a specimen taken in the winter of 1917-18.]

Banks, Nathan ; Harrison G. Dyar ; Trevor Kincaid ; Theodore Pergande ;

E. A. ScHWARZ ; William Harris Ashmead ; and Justus Watson Folsom.
1900-1902. A series of papers by the above entomologists appeared in

Proceedings, Washington Academy of Sciences, Vols. II and
IV, recording insects collected by the Harriman Expedition in

Alaska. The papers were reprinted verbatim in Vols. VIII
and IX of the reports of the Harriman Exjiedition. published
by the Smithsonian Institution in 1910. To them was added
a paper on Myriapoda by O. F. Cook in which three species
were listed from St. Paul Island, one of them new. [Many
Pribilof species of insects are mentioned in the above series

of papers and they will be found invaluable to those making
a study of the insect life of the islands.]

Cabdot, Jules, and I. Th^riot.
19()0-1902. Mosses of Alaska. Proceedings, Washington Academy of

Sciences, Vol. IV. A joint paper on mosses collected by the
Harriman Expedition.

Chamberlain, Ralph V.
1921. LinyphiidiP of St. Paul Island, Alaska. Journal, New York Entomo-

logical Society, Vol. XXIX. No. 1, pp. 35-42, Plates III and IV,
March. 1921. [A collection of spiders made on St. Paul Island in

1910 by Harold Heath is here described. Eleven species are listed

of which six are described as new ; four of them represent new
genera, which are also described.]

Cockerell, T. D. a.
1898. New North American insects. Annals and Magazine of Natural His-

tory, Ser. 7 ; Vol. II, p. 324, 1898. [On page 324 is described Bombus
MncaiMi, a new species of bumblebee from St. Paul Island,
Alaska.]

Dall, Wm. H.
1915. A new species of Modiolaria from Bering Sea. The Nautilus, Vol.

XXVIII. No. 138, 1915. [Muftciiliis phenar is described as new
from specimens collected on kelp roots at St. George Island by G.
Dallas Hanna.]
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Dall, Wm. H.—Continued.

1916. A new species of Onchidiopsis ffojn Borinc: Sea. Procee<linRs, Acad-
emy of Natural Sdences, I'lnladelpliia, iniG, p. 376. [Onchidiopsis
{Atlatiloliinax) Iiaiinai, a new sea slufr, is described as new from
specimens collected on St. Paul Island in 1!)14 by (i. Dallas Hanna.]

1919. Paleontolof,'y- .loin-nal, Washington Academy of Sciences, Vol. IX,
No. 1, pp. 1-3, 1919. [A list of tbe fossil moUusks from two de-
ixisits on tbe Pribilof Islands is bere given ; 44 species are listed,

se\en of them mentioned as new l)ut oidy one of wbicb, Chrysodnmus
KOliitiis cordafus, is named. Tbe deix)sits are located at Tolstoi
Points. St. Paul and St. (ieorge Islands, and the material was col-

lected by G. Dallas Hanna.)
1919a. New shells from tbe northwest coast. Proceedings, Biological So-

ciety of Washington, Vol. 82, pp. 249-252, December, 1919. [On
page 251 Nodiilus palmeri and Skeneopsis alaskana, two marine
shells, are described as new from material collected by William
I'almer and A. G. Whitney on St. Paul Island.]

1920. A new Alaska Chiton. Nautilus, Vol. XXXIV, p. 22. July, 1920.
ISchizoplnx multicolor is described as new from St. Paul Island,
Alaska.]

Frankmx. Hknky ,I.

1912. The Bombidae of the New World. Transactions. American Entomo-
logical Society, Vol. XXXVIII, N'os. 3-4, 1912. [On p. 295 the
description of Bombus kincaidU (Cockerell) from St. Paul Island
is repeated.]

Hanna, G. Dallas.
1914. Interesting mammals of tbe Pribilof Islands. Proceedings. Biological

Society of Washington. Vol. XXVII, No. 218, 1914. [Polar bear,
walrus, and sperm whale mentionefl from St. George Island.]

1919. The introduction of Acanth inula liarpa (Say) and Circiuaria van-
coiivcrensis (Lea) into St. I'aul Island. Alaska. The Nautilus, Vol.
XXXII, p. 148, April, 1919. [An account of the introduction of two
land snails from Unalaska is here given.]

1919a. Geological notes on the Pribilof Islands with an account of the fossil
diatoms. American Journal of Science, Vol. XLVIII, pp. 216-224,
1919.

Habring, Harry K.
1917. A revision of the rotatorian genera Lepadella and Ixiphochasis with

descriptions of new species. Proceedings. U. S. National Museum,
Vol. LI, pp. 527-568, 1917. [On p. 5.50. Plate 92. figs. 1,3-16, is de-
scribed Lepadclla borealis, a new spec-ies of rotifer from Ice House
Lake. St. Paul Island, collected by Geo. H. Parker in 1914.]

Malloch, J. R.
1920. A synoptic revision of the Anthomyiidian genus Hydrophoria Robi-

neau-Devoidy (Diptera). Canadian Entomologist. Vol. LII, pp.
2.53-257. 1920. [On page 257 appears the description of Hydro-
phoria, alaskenfiifi, a new species from St. George Island, Alaska,
collected by G. Dallas Hanna and on St. Paul Island l)v the same
and Harold Heath.]

• 1921. A synopsis of the North American species of the genus Helina R.-D.,
Sens. Lat. (Diptera: Anthomyiidae). Ibid., VoL LIII, No. 5, pp.
103-109. 1921. [Helina hannai, a .species of Diptera, is described
as new from St. George Island, Alaska.]

Pearse, A. S.

1913. Notes on a small collection of amphipods from the Pribilof Islands,
with descriptions of new species. Proceedings, U. S. National
Museum, Vol. XLV, pj). 571-573. 1913. [Five species are listed
from St. Paul Island, two of which are described as new. They
were collected by M. C. Marsh and W. L. Hahn.]

Sterki, V.

1917. A new mollusk of the genus PiMdium from Alaska, with field notes by
G. Dallas Hanna. Proceedings. U. S. National :\Iuseum, A'ol. LI. pp.
47.5-477, figs. 1-2. 1917. \Pisidium hannai, a minute fresh-water
bivalve shell, is described as new from Ice House Lake, St. Paul
Island, collected by G. Dallas Hanna.]



INVESTIGATION OF THE SALMON FISHERIES OF THE YUKON RIVER.

By Charles H. Gilbert and Henry O'Malley.

OUTLINE OF PROPOSED INVESTIGATIONS.

An exhaustive investigation of the problems presented by the sal-

mon run of the Yukon Eiver obviously would require practical and
scientific inquiry extending over a series of years. During the few
summer months no very ambitious program could be attempted.

Many of the most important problems must remain untouched.

Time would not permit an examination of the tributaries with their

spawning beds. No study could be made of spawning habits nor ob-

servation of the fate of eggs and fry where these must lie beneath the

gravel of the ice-locked streams durino; the long severe winter and
spring. Yet the possible destruction of eggs by freezing may be an
important factor in limiting the size of salmon runs in far northern
rivers and may, indeed, be responsible for the practical elimination

of salmon from the streams that enter the Arctic Ocean. If natural

propagation on the Yukon is rendered relatively ineffective because

of severe climatic conditions, the operation of hatcheries would here

produce proportionately greater results than in more temperate

regions. To the extent that natural propagation in any region is

wasteful and unproductive do the advantages of artificial propaga-

tion appear.
In a single short season it could not be hoped to carry out more

than the following program

:

1. To inspect the spawning runs *s these enter the mouth of the

river and to ascertain by microscopic examination of the scales as

much as this method can furnish of the life history of the Yukon
salmon.

2. To examine the fishery operations carried on by the Carlisle

Paclring Co., in the Delta of the Yukon, this being the only can-

nery which packs salmon bound for the spawning beds of the Yukon.
3. To investigate the consumption of fresh and dried salmon hj

the resident population of the Yukon Valley and to estimate the im-

portance to them of this salmon supply.

4. To draw such conclusions as the facts warrant concerning the

magnitude of the Yukon salmon run and its adequacy to support can-

nery operations in addition to meeting the needs of the local popula-

tion and providing a sufficient spawning reserve.

ITINERARY.

In carrying out the program above outlined the writers arrived in

Skagway on May 12 and crossed White Pass and Lake Lebarge in

time to take the first steamer down the Yukon, close behind the

running ice of the spring breakup. At Tanana, which was reached

May 31, transfer was made to the gasoline launches of the Bureau of

128
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Fisheries, and from June 8 to 13, in company with C. F. Townsencl,
inspector, Alaska Fisheries Service, the party proceeded by launch
to the mouth of the river, arriving June 13 at the entrance to Kwiguk
Channel, where was located the floating cannery of the Carlisle Pack-
ing Co.
From this date until August 1 attention was given to the fishing

grounds located in the Kwikluak mouth of the river and in the off-

shore district beyond this mouth, and to the principal channels of the
delta which are closed to commercial fishing. From June 25 to July
1 the party proceeded by launch from Kwiguk to Holy Cross and
return, to inspect the fishing camps of the lower river during the

height of the king-salmon run. From July 5 to 7 a trip was
made by launch from Kwiguk to the middle mouth of the Yukon,
traversing both the Kwikpak and the Kawanak Passes, returning by
way of Old Fort Hamilton, and inspecting en route the run of
salmon in these channels. From July 23 to 29 a trip was made
b}'^ steamer from Kwiguk to St. Michael and return, passing through
the Apoon mouth. During the fishing season in the delta careful

scrutiny was given daily to the salmon runs, and scale data were
secured from extensive series of the different species of salmon which
comprise the run.

From Auofust 2 to 20 visits were made to fishing camps along the
river from Kwiguk to Rampart, an approximate census secured of

the amount of dried salmon, and fishermen interviewed concerning
the runs of 1919 and 1920. Having proceeded by steamer from
Rampart to Dawson, August 23 to 31, the return was made by
launch from Dawson to Tanana, September 1 to 5, visiting on the

way the fishing camps of the upper river. This phase of the inquiry
terminated at F"airbanks on September 11, after ascending the Ta-
nana River by launch as far as Nenana.

IMPORTANT SPECIES OF SALMON WITH DATA CONCERNING RUNS.

All five of the species of salmon known on the Pacific coast of
North America make their appearance at the mouth of the Yukon
and ascend that stream for a greater or less distance. Two of these

species, however, the humpback salmon and the red or sockeye
salmon, are present in such limited numbers as to have no practical

significance. The three other species, namely, coho or silver, king,

and chum or dog salmon, have substantial runs in the Yukon River,

the latter two being of real economic importance.

RED OR SOCKEYE SALMON.

During the entire fishing season of 192^ the Carlisle cannery
secured only 5 cases of sockeye salmon, in the neighborhood of 60

fish. As the majority of these were taken on the flats outside the

mouth of the river, there might seem warrant to consider them as

strays which had wandered from the Kuskolnvim, or from some
other stream to the southward which possesses a well-marked run
of this species. In that case they might not even be entering the

river, but playing about for a time in brackish water before finally

resorting to their native streams for spawning purposes. In favor

54777°—21 9
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of this theory stands the fact that no breeding ground of the red
salmon has 3'et been reported from any part of the Yukon Basin.

The breeding ground of this species could be looked for only in con-

nection with some lake, as the red salmon will not spawn under other

than lake conditions. And the males of the species, when on the

spawning grounds along the shores of a lake, or in the shallows of

the creeks which enter it, are of such brilliant color as invariably to

attract attention. It may be, therefore, that no permanent colony

of red salmon exists in the Yukon, and that the major portion of the

individuals observed off the mouth of the river would not enter and
ascend the stream. Occasional individuals do, however, ascend the

Yukon, for the writers learned of their infrequent occurrence from
observers acquainted with the different species of salmon, and one
specimen (a male, decidedly pink in color) was seen at Ruby on
August 14. During the much longer fishing season of 1919, 20 cases

of red salmon were packed by the cannery.

HUMPBACK SALMON.

The humpbacks appear at the mouth of the river more numerously
than the red salmon, but never in sufficient numbers to constitute a

run, even of small dimensions. It was noticeable that they were
far advanced toward spawning in July, often with liquid milt and
partly free eggs. It would be impossible for them to ascend the river

far with their spawning period so close at hand. In fact, there were
no reports of their occurrence above Andreafski, where a ripe male
was observed on August 3.

COHO SALMON.

The least in value of the three principal species is the coho, which
runs much less numerously than the other two, and, in addition, is

the latest to appear, often not presenting itself in any numbers in

the middle and upper reaches of the river until the ice is forming in

the fall. This species is little dried on account of its late appearance,

but may be fed fresh to the dogs or frozen for later consumption. It

seems not to be highly valued for human food.

During the season of 1920 it was entering the mouth of the river

in very limited numbers during the last week in July, but nothing
approximating a run had at that time developed. The individuals

then entering were bright silvery on the sides of the body, without

trace of the red coloration which later appears, and the jaws of the

male had developed no hook. Later, while inspecting the fishing

camps between the mouth of the river and Tanana, from August 2

to 15, everywhere occasional individuals of this species were being

taken. At Ruby on August 14 the fish wheels were catching from
one to six cohos each day; but at the Ramparts above Tanana on
August 20 the species had not yet put in an appearance, nor could

anything be learned of its occurrence in the main river above Tanana
up to the date of the party's return from Dawson on 'September 5.

The individuals observed below Tanana were running principally

along the left (south) limit of the river, and it was reported that

their main run was always along the left bank in company with the

bright chums ("silver") and such king salmon as run late. To what
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extent the early cohos turn into the Tanjina it was impossible to
determine.

In the lower two or tliree hundred miles of the river the cohos
durin<r the early days of August may maintain the brijjht silvei-y

coloration with which they enter from salt water, but soon a pinkish
tin^re appears, Avhich becomes intensified to a bri<T:ht red before Kuby
is reached. At the same time the u])i)er jaw of the maU' becomes
bluntly hooked over the lower jaw, producing; the characteristic snub-
nosed appearance of this species on the sjiawninfr fjrounds, and the
enlai'ged teeth of the males are soon in evidence. These chanp^es in
appearance may have already occurred before entering the river in
the case of the latest individuals to enter.

It is most unfortunate that the only name by which the coho salmon
is commonly known on the Yukon is " chinook," which is the special
name of the kinjr salmon of the Columbia Tviver and is totally inap-
plicable to the coho. Near the mouth of the Yukon, where the influ-

ence of the cannery has been felt, the coho is generally and properly
designated as the silver salmon, which is one of the two names by
which the species is knoAvn in other fishing centers of Alaska. I^nfor-
tunately, as will later appear, elsewhere throughout the Yukon
the term " silver salmon '' is generally but mistakenly applied to

an entirely different species. To avoid confusion, therefore, it is

suggested that this species be knoAvn on the Yukon as the coho, a
name by which it is generally known to the trade.

KING SALMON.

The king salmon appears at the river mouth shortly after the ice

has run out—in the last week of May or the early days of June. The
numbers rapidly increase, the run culminates quickly, and then
alm.ost as quickl}^ declines. During the season of 1920 the first king
salmon was obtained on June 13, although nets had been set to test

the grounds for five days prior to that date. The rapidity with
which the run sets in is well shown by the records of the first few
days at the canner}'. On June 15. 34 kin^ salmon were obtained;
on June 16. 175; June 17, 1,639; and on June 18, 5,228, this being
the next to the largest take on any day during the season. The
largest capture of king salmon in anj^ one day was 6,104 on June 21.

In no other day, except the two above mentioned, did the number
captured quite reach 4,000. The run may be said to have begim on
June 15 and to have culminated within the first week. It continued
for some 10 days thereafter at a high level, and then registered un-
mistakable decline. The average take at the cannery for the best

consecutive 16 days of the run was a little more than 3,000 fish

per day.

The experience during the previous season, 1919, was very similar

as regards the beginning, culmination, and decline of the king salmon
run. The fish aj^peared during the second week in June, ran most
abundantly during the following week, continued at a high level

for two weeks more, and then rapidly fell off.

The average size of the 1920 king salmon was greater than that

of 1919, as is shown by the average number required to make a case

in each of the two years. The average number in 1919 was 3.54 to

the case, while in 1920 it required but 3,03. The difference was even
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greater than is indicated by these figures, for in 1919 comparatively

few fish of larger size were taken out for mild curing, while in 1920

there were put up 145 tierces of mild-cured kings, with 800 pounds
to the tierce. These were all selected from the larger sizes and would
have materially diminished the number required per case if all had
been canned.
During the early part of the fishing season the king salmon were

silvery in color, Avithout trace of red ; the testes are small, hard, and
purplish in color; the eggs are always small, not more than half the

size when mature. The snout of the males was then so little pro-

duced as to give no certain indication of sex. This condition con-

tinued during the greater part of June, near the latter end of which
the run indicated a decided falling off. But on June 29 a second

run appeared of small dimensions, and it was at once apparent that

these fish were further along in their development. The jaws of the

male were now somewhat prolonged and hooked, and the enlarged

teeth had begun to show. They were now reddish in color, and the

bellies were so thin that they were little valued for mild-cure pur-

poses. These changes were abrupt and coincided with the sudden
increase in the run.

The natural enemies which left traces of their presence on the

entering salmon were the white whales, or belugas, and the lamprey
eels. Belugas were very much in evidence in the lower river chan-

nels during the latter part of the season, the size of their schools

increasing as tlie salmon were running more abundantly. Un-
doubtedly they were feeding on the salmon, and it is safe to assume
that they captured and devoured a very large proportion of those

on which they succeeded in closing their jaws. But the number of

salmon which appeared on the cannery floor bearing unmistakable

tooth marks of the beluga was surprising. The sides were scored

lengthwise by widely spaced lines, which usually described a gentle

curve, but were occasionally angulated. Evidently these salmon had
escaped from the very jaws of their pursuers.

Other marks which attracted universal attention and were usually

mistaken for hatchery brands were the scars made by the lamprey
eel. This slender eel-shaped animal has an oval sucker-shaped

mouth provided with rows of rasping teeth. By means of the sucker

mouth it attaches itself to the salmon and may rasp off the skin

and even deeper-lying tissues for food. A scar is left which often

reproduces with great fidelity the details of the mouth, with its

outer fringe of filaments and its inner groups of teeth, which in

the scar often give the impression of printed characters.

Such lamprey scars have been occasionally observed in other

rivers, but never before in such abundance as on the Yukon. This

fact probably stands related to the large lamprey run which is

indigenous to this stream. They enter the mouth of the river in the

fall after the surface has frozen and run up under the ice, to the

under surface of which they often attach themselves when resting.

Although the run lasts but few hours at any locality, it is of enor-

mous dimensions and furnishes tons of food to those who dip them
up through holes cut in the ice.

Like the salmon, the lampreys enter the river for purposes of

propagation, and all die after the eggs are laid. The young soon
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after hatching burrow in the mud of the river banks and live like

earthAvorms for an indefinite period of two or more years. After
this they J^ass out to sea when some 6 inches long, and spend the
remainder of their life in the ocean. So far as known to the
writei'S, the lamprey scars have been found on salmon exclusively,

and on the Yukon never on chums or dog salmon. Some king
salmon would have two or even three scars and one was found on a
sockeye, but among the thousands of Yukon chums that we in-

spected there Avas not one that had been attacked by a lamprey.
It is an interesting question Avhether the Yukon lampreys follow
the king salmon of their own river on their feeding grounds and
prey on them. It is not Imown that their attacks are ever dan-
gerous. The salmon observed seemed in no case to have been
seriously injured.

That the king salmon ascend the Yukon at a high rate of speed
has been accepted generally. An attempt was made to secure re-

liable records of their first appearance at a large number of localities

along the river. Wireless messages were sent to a number of points
during the early days of the run before the dates should be for-

gotten. And. in addition, a number of important records w^ere

secured during visits to the fishing camps, some of these giving the
catch in detail day by day throughout the season. While it is

recognized that the capture of the first salmon of the season at

different points along the river may vary within a day or two in

relation to the beginning of the run, an examination of the data
indicates that this source of error is not serious and that reliable

conclusions concerning the rate of travel can be drawn from the
table presented. In this table, when two or more records have been
obtained from the same locality, the earliest has been selected as

giving the first appearance of the king salmon in that portion of

the river.

Date of Capture of First King Salmon at Localities on Yukon River, Season
OF 1920.

Locality.

South mouth of river
Run begins south mouth.
Pilot Station
Marshall

.

Date.

Russian Mission. .

.

Tucker's fish camp.
Paimiut.
Holy Cross ,

Halls Rapids, above Anvik.

.

Camp 51 miles below Kaltag

.

Kaltag

.

June 13
June 15
Juno 20

. -do....
June 21
June 23
June 22
June 23
June 24
June 27
June 28

Koyukuk June 29
Whisky Creek, above Louden June 27
Ruby [. . . do. . .

Tanana June 28
FLsh Creek, above Rampart Rapids July 3
Circle ' July 11
Charlie Creek July 12
Eagle July 13
De Wolf's fish camp July 14
Dawson do. . .

.

I

Approxi-
mate

distance
traveled.

Miles.

107
144
204
221
259
279
346
440
491
555
622
659
804
851

1,227
1,317
1,402
1,478
1,504
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Inspection of the above table shows the slowest rate of travel in

the first hundred miles of the river above its mouth. From the en-

trance of the South Mouth to Pilot Station is approximateh^ 130

miles, but it was five days after the run beg'an in the mouth of the

river before the first king salmon appeared at Pilot Station, indi-

cating a rate of about 30 miles per day. Between Pilot Station and
Tanana, on the other hand, the rate of travel was slightly more than
80 miles per da3^ This discrepancy is probably due to the habit of

playing back and forth in brackish water, on entering the river

mouth, before beginning their serious ascent of the river. It is well

known to the fishermen at the mouth of the river that salmon enter

the gill nets as nimierously from the up'stream as from the down-
stream side. They pass back and forth on the tides, lingering within

the fishing district, thus giving the nets many more opportunities to

capture them than would be the case if they pursued a direct course

on entering the stream.

Three records below Tanana, those of the camp 51 miles below
Kaltag, Kaltag itself, and Ko\mkuk, do not align themselves with
the remainder of the series. At the average rate of travel king
salmon should have reached Kaltag by the 24th instead of the 28th
and Koyukuk by the 2oth instead of the 29th. In both of these

localities the capture of king salmon was considered of little relative

importance, and the records are doubtless defective.

Above Tanana the current of the river increases materially, rapids

are encountered, and the intricate channels of the Yukon Flats are

to be threaded. It is not surprising to find that the rate of travel in

the upper portion of the river becomes reduced. Not only are the

difficulties of ascent increased but the potential store of energy in

the fish approaches exhaustion. When they enter the mouth of the

river they are the richest in oil of any salmon known, but by the

time they reach Dawson their flesh is comparatively dry and flavor-

less, the oil having been expended to supply the energy needed in

ascending 1,500 miles against the current and in carrying forward
at the same time the sexual changes which precede the act of spawn-
ing. The average rate of travel from Tanana to Dawson was
slightly less than 45 miles per day, while from Pilot Station to

Dawson, involving practically the entire length of the river below
Dawson, the average rate was 57 miles per day.

No record of any other river approaches this in completeness nor
in the high rate of travel indicated. The unexampled speed with
which salmon ascend the Yukon is doubtless associated with the

great distances to be traversed before reaching their upper spawning
areas, taken in connection with the shortness of the northern summer.
Inasmuch as the investigators were compelled to restrict their

attention to the main river, they are unable to designate the prin-

cipal spawning areas of the king salmon. Limited numbers of kings
are reported to turn aside into all the principal tributaries of the
lower and middle sections of the river, but it is believed that a rela-

tively large proportion of the run passes beyond the mouth of the
Porcupine into the upper portion of the basin.

CHTJM OR DOG SALMOlSr.

Although the king sahiion is an important source of food to the

natives and the white population, it is far surpassed in value by the
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chum or dotr salmon, which must be considered the principal food
pr()(hict of the Yukon liiver.

It makes its appearance oil' the mouth of the river only a few days
later than the advent of the kin<; salmon. In 1920 the first chum was
obtained June IT, and from the 17th to the lOtli, 1:^8 became entangled
in the coarse mesh of the king salmon nets set outside the mouth of
the river; but none apparently had as yet entered the stream. On
June 20, 2 were reported inside the river; June 21, 82; and June 22,
20: but during these three days 856 were taken in the outside nets,

indicating clearly that the chums were beginning to school in some
abundance outside the river, but that few were entering up to June
22. when the run up the river may be said to have begun. It became
greatly accelerated on June 29 and maintained itself with minor
fluctuations, until the cannery ceased operations the middle of July.
No sti'ictly quantitative results concerning the run of chums could
be ol)tained from the cannery records during this season, as nets
with appropriate mesh for capture of chums were not employed until

tlie last week in June. For this reason, the apparent increase in size

of run during the latter days of June is certainly overemphasized by
the cannery statistics.

The first cliunis to arrive were further advanced toward sexual
maturity than were the king salmon. In the latter the testes and
ovaries Avere small and the snout so little produced in the males that
there was no certain external evidence of the sex of the individuals
examined. But in the case of the chums, even those earliest to run
had the milt white in color and obviously enlarged, and the large eggs
were alread}'^ loosening in the ovary. The jaws of the males were not
iiooked, but were showing a slight sharpening and elongation, so that
sex detei-mination could usually be made from the appearance of the
head. All the early chums were bright silvery in color, with abun-
dant oil. and pinkish flesh which turned a deeper red on drying. All

of them were in such condition that they would have been classed as
" silvers " rather than as " dog salmon '' by fishermen of the upper
river.

But changes in the appearances of the chums were soon apparent.
At first, as in the case of the king salmon, rare individuals, usually
males, showed themselves in an advanced stage of development, with
brightly colored bars on the sides of the body and long hooked jaws.

Thev stood out conspicuously from their fellows, which were still in

the *' silver " stage.

But by the last of June, when a great increase suddenly occurred
in the take of chum salmon, obvious seasonal changes had appeared
in this species, as in the king salmon running at the same period. It
Avas now the rule for the males to exhibit elongated jaws provided
with canine teetli, and to show the beginnings of the conspicuous
color marks which characterize the spawning males of this species.

During the first daj's of July the run of chums again foil off, accom-
panied by a further increase in the matured appearance of the fish.

As this occurred at the same time in chmns and in king salmon, it

appeared to the fishermen that the end of the run was in sight.

On July 7 a new run of chums suddenly set in, the great majority
of which were of bright silvery appearance and with no further sea-

sonal advancement than had been shown by the fish that ran first in

June. Among them were a few stragglers of the previous run, the
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males and females equally conspicuous among their silvery compan-
ions. On subsequent dates these stragglers became more rare, and
when the party left for the upriver on August 2 the few chums that
were then running were almost wholly of the pronounced silvery
type.

It is unfortunate that confusion should have arisen in the Yukon
from a failure to recognize that the dog salmon and the so-called
" silvers " represent different phases in the development of one and
the same species.

The " dog salmon " are the individuals furthest advanced toward
spawning. They exhibit the elongated hooked jaws and enlarged
teeth in the male, the bright nuptial coloration, and the impover-
ished condition of the flesh, which is light in color, largely devoid of
oil, and possessing very little substance when dried.

In the " silvers " the eggs and milt are less developed, the j aws of

the male are little or not at all hooked, the external coloration is sil-

very, or with a light flush of red, and the meat is red in color when
dried, rich in oil, and valuable both for human food and for dogs.
In general, the " dog salmon " along any stretch of the river con-

sist of those individuals which will turn into some adjacent tributary
to spawn, while the " silvers " are on their way to the upper reaches
of the river, show relatively little of the sexual changes they will ex-

hibit on their spawning beds, and are still richly provided with the
oil which serves as fuel and principal source of nourishment during
the long journey still before them.
Many fishermen recognize the difficulty of distinguishing sharply

between " dogs " and " silvers " and relieve their embarrassment by
recognizing a third class, the " half-breeds." But the term " silver

salmon " has acquired a fairly definite and useful significance in the

trade. "Dog salmon" are so poor in nourishment that they have
indifferent value even for dog feed, and will not be purchased except
during times of extraordinary scarcity. The natives will feed them
to their dogs, but will not eat them themselves unless king salmon and
" silver salmon " are unobtainable.
The use of the term " silver salmon " for bright silvery chums, still

rich in substance, is so universal and of such long standing in the
interior of Alaska that it seems useless to attempt to supplant it w4th
any other name. Confusion will inevitably result owing to the pres-

ence of the totally different species, the coho, which is commonly
known in outside waters as the silver salmon. It is proposed, there-

fore, that the term " silvers," when referring to the Yukon basin, be
restricted to the chums known commercially by that name, while the

three species of salmon of importance on that stream be known as

the king, the chum, and the coho.

It became evident, as we were ascending the river in August, that

the "dogs" and the "silvers" were in general keeping apart from
each other and were following distinct migration routes. Tlirough-

out the entire lower course of the Yukon, from Tanana at least as

far as Anvik, the "dogs" predominated on the right (north limit)

of the river and the " silvers " on the left limit. This is generally

recognized by all the fishermen of that region, who also agree that the
" dog salmon " turn into all the creeks and smaller tributaries, while

the silvers " dislike the taste of fresh water," as a native fisherman

stated the case. It is also recognized that a heavier run of kings and
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of cohos is found in company with the " silvers " along the left limit

of the river. It appears, therefore, that there is a prevailing use of

the left shore bj' those fish which are bound for the u])i)er reaches

of the river. This may have connection with the fact that the ma-
jority of the tributaries of the lower rivei' enter on the right bank.
THe run of chums is not of uniform character and quality through-

out the season. Fishermen recognize a succession of phases in the

run, characterized by fish Avhich on the average are recognizably

different. In general, it is stated that the run of chums which accom-
pany the king salmon are of relatively small size and poor c{uality,

commonly known as dog salmon. FolloM'ing these is a run of bright

fish of good quality but inferior size, known as " silvers," while the

last chums to run, late in August and early in September, are the

finest of all, the '' silvers " par excellence, a bright rich form dis-

tinctly of larger size. This last run of "silvers" ordinarily is of

short duration, but is frequently of great intensity, and furnishes the

most highly prized fish of the season.

As it was necessary to make a canvass of the entire river before

the fishing season had come to a close, the writers were unable to

observe the alleged succession of forms of the chum salmon at any
locality. Distinct differences in the character and quality of the

fish appeared at the various camps visited, but these differences

were apparently dependent either on the proximity of the camp to

important tributaries into which spawning chum salmon would pass,

or, more especially, on the location of the camp with reference to

the river itself, whether on the right bank or the left. In general

when following up the right (north) bank of the river the quality

of the fish became poorer as one approached the mouths of the

tributaries. The impression was strong that the fish destined for

these tributaries were farther advanced than those with which they
were associated on the same side of the river bound for more dis-

tant spawning grounds. A further more detailed study of the char-

acteristics of the chums at different times and in different localities

and the distribution of the various strains to their respective spawn-
ing areas would offer results of imj)ortance equally from the bio-

logical and from the strictly practical point of \dew. During the

season of 1919 the bright chums, or " silvers," were said to be almost

wholly wanting. If these were the fish bound for the more distant

spawning beds, then the upper sections of the river must have re-

mained largely unseeded in 1919 and incapable of producing their

quota of a sulbsequent season's supply. In 1920 the run of chums
was peculiar, in that it lasted longer than is usual in good yeare,

but was of less intensity, and the August run of " silvers " failed to

attain its usual proportions. In subsequent years the late run of

"silvers" should be carefully noted. If there is evidence of a pro-

gressive decline, steps should be taken to protect this most important

part of the rnn. To accomplish this result information should be

obtained concerning the spawning beds which are resorted to by this

large and valuable race of chums.
The chums travel up the river at a rate approximately equal to that

of the king salmon. In 1920, as has been shown, they were schooling

on the tide-flats off the mouth of the river nearly a week before they

began to ascend the stream in any numbers on June 22. Adopting
the latter date as the beginning of the run. it appears that they
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started about a week later than the king salmon. In the section of
the river between Louden and Tanana, they were reported as 8 to

10 days behind the kings, and in the district between Circle and
Dawson, the first chum was recorded 11 to 17 days later than the

first king. It is evident, therefore, that the chum salmon, also,

although apparently far less vigorous than the king, ascend the

river at an astonishing rate of speed, maintained without cessation

for well over a month, under the necessities imposed on them by the

short summer and the rigorous fall climate of the Yukon.
The opinion has already been recorded that the king salmon of

the Yukon is the richest in oil of an^^ known king salmon. The same
statement, made with even greater emphasis, may be advanced re-

garding the Yukon chums. This species is noted in other localities

for its poor oil and poor color. The canned product is the reverse of
attractive in color or in richness, and occupies the lowest rank in

the markets of the world. In other river basins the chums do not
travel far from the sea, but enter late in the season and seek spawning
beds not far inland. But the best of the Yukon chums travel 1,000

to 2,000 miles up a river known for its consistently rapid current.

They form a rich table fish in the lower section of the Yukon, where
the king salmon, to ordinary palates, contains a superabundance of
oil. No more striking evidence of the richness of the king salmon
can be found than that presented in the smokehouses of natives in

the lower river. Here the drying salmon constantly drip a pure,

clear red oil, which is collected in vessels and preserved for winter

use. At the village of Ohogamute, above Marshall, we observed some
30 quart bottles filled with red salmon oil, secured this season from
drying king salmon.

YUKON DELTA, ITS PRINCIPAL CHANNELS, AND ROUTES MAINLY
FOLLOWED BY SALMON.

The Yukon River subdivides numerously within its extensive delta,

and sends its waters to the sea through a large number of distinct

channels. Many of these are narrow winding canals, which
meander in every direction interminably through the flat lands,

befoie they attain the outer edge of the delta. Through all of them,
doubtless, some salmon pass, but three of the channels so far

transcend the others in size and importance that for practical pur-

poses they may be considered as forming the mouths of the Yukon
and the main migration routes of the entering salmon. The channels

in question, in order of importance, are Kwikluak Pass, or south

mouth, with its important branch, the Kwiguk Pass; Kawanak and
Kwikpak Passes, which coalesce before entering the sea and form
together the middle mouth ; and Apoon Pass, or north mouth.
Much the smallest of the three is the Apoon Channel, which

traverses the northern sector of the delta, and forms the most direct

route for river steamers bound to and from St. Michael. Although
exclusively used as a steamer channel, it is poorly adapted for this

purpose, being so shallow both within and without the mouth that

light-draft boats have quite the habit of going aground there and
waiting until a favoring tiae shall float them.
Few salmon apparently find their way through Apoon Pass. A.

few families of natives from Kotlik village had established a fish
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camp on the shore just outside the mouth of the river, but the drying
frames were scantily supplied with salmon when they were seen in

the last week of July. Between the mouth of the pass and old Fort
Hamilton no fishing stations were occupied, and the nets operated by
the w^hite trader at old Fort Hamilton were having no success. The
general belief that Apoon Pass is of little importance as a fishway
seemed wholly justified by observations. It has probably no greater

importance than have some of the subsidiary channels through the

delta.

The lower Kwikpak and the Kawanak Passes, which together con-

stitute the middle mouth, are the least known of the three main
divisions of the river. No steamers traverse them and very few
natives have their summer fishing camps along their banks. The
Kawanak is a stream of large size and lair depth of water and the
lower Kwikpak, although choked with sandbars, carries a consider-

able current.

This middle mouth was visited July 5 to 7, at a time when the
Carlisle Packing Co., on request, was testing the run of salmon by
setting nets in the lower Kawanak Channel. Two nets were set along
the left bank and two others were set offshore along the edge of a
bank. This test was made during a slack period in the run in the
south mouth, when the king salmon especially were running in

greatly reduced numbers and the chums were not coming in full

force. During 14 hours' fishing in the Kawanak Channel the four
nets took 3 king salmon and 67 chums. In a second test of equal
length the following day the showing was even less favorable.

One native fishing camp, which olDviously has been occupied for

many years, is located on the upper point of the long island which
separates the Kawanak and Kwipak channels, immediately below
their first confluence near the mouth. Four families were encamped
at this place, and reported a favorable catch of king salmon during
the preceding two w^eeks. The run had now slackened, they said, and
the chums were just beginning to appear. They had found the
season thus far very much better than the preceding year, when they
had fished in the same locality. During the season of 1919 they had
been unable to secure many more salmon than they had needed for

their summer's use. At the time the camp was visited they had caught
enough king salmon to fill one rack and two smokehouses, and had
made use of two short gill nets of their own make set in an eddy along
the bank of the island. The nets w^ere not more than 25 feet long.

Later, when a fresh run had entered the south mouth, w^ord was re-

ceived that the native fishermen in the middle mouth were again
making good catches. It seemed, therefore, that the runs in the two
m.ouths were well synchronized, the fluctuations during different

seasons and between different days of the same season, following

each other closely. This was well showxi in a test made in the middle
mouth, on request, during the earlier part of the season, when king
salmon were running abundantly in the south mouth. This test was
made on June 25 and 26, and resulted in a satisfactory catch of king
salmon, with very few chums.

In view of the tests here indicated and observations at the fishing

camp, it can not be said that the middle mouth lacks importance as a

route for salmon. Yet it is considered to be very far indeed behind

the south mouth in this respect. It is doubtful whether it equals in
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importance the subsidiary channel known as the Kwiguk, which
branches off from the Kwikliiak Pass, a few miles above its mouth.
It may safely be inferred that the native fish camps are located at
the most favorable fishing sites. These are occupied year after year
and generation after generation by the same families and their de-
scendants. Where native fishing villages are most thickly grouped
will be found the largest and most unfailing supply of salmon. With
this as a basis, the writers are compelled to conclude that the south
mouth serves as the migration route for the greater part of the
Yukon run. While no data are available for an estimate, it is not
considered beyond the bounds of probability that nine-tenths of the
entire run enter by the Kwikluak Pass and its subsidiary channel,
the Kwiguk. About 100 families of natives were fishing in this

district in 1920, while not to exceed 10 families were seen in the
middle mouth below Dogfish Village. In no case did the latter

families have equal success with those camped on the Kwikluak
Pass.

It is on the Kwiguk Channel, just below its emergence from the
Kwikluak, that the floating cannery of the Carlisle Packing Co.
has been located during the two seasons of its operation in the delta.

Protected from the heavy southerly winds which blow up the main
channel during the summer months, this site is within easy distance
of the main fishing grounds in the lower part of the Kwikluak Chan-
nel and among the offshore shoals and islands. Inasmuch as the
Yukon salmon appear largely to travel along the banks, in the eddies,

and along the margins of submerged banks, it is believed possible

during a favorable fishing season to secure from this location as a
base a very considerable proportion of the salmon of the Kwikluak
Channel. Fortunately, no commercial fishing for export is per-

mitted in the Kwiguk Channel. Several native families were lo-

cated on this channel in 1920, and one white trader maintained a
wheel. Good catches of king salmon and chums were secured at

all of these camps, but it was believed that the run of kings was
proportionally not as heavy as in the main channel.

COMMERCIAL FISHERY OPERATIONS IN YUKON DELTA IN 1920.

The fishery operations of the Carlisle Packing Co. in 1920 were
conducted principally in the south or Kwikluak mouth of the river

and beyond that mouth amon^ the seaward channels which diverge
from it. The mouth of the Kwikluak Channel was designated as

it was during the previous season by a stake set in the right or north-
ern bank on the projecting point of land at Ingrakaklak (see U. S.

C. & G. S. chart 9373) and by a stake set on the left or southern
bank of the channel at the entrance to the well-marked lagoon some
half mile below Nilak.
A few fishing camps were established by the company as far up the

Kwikluak Channel as Dogfish Village, where the mam river makes
its first grand division into the Kwikluak Channel and a channel
which later divides to reach the middle and the Apoon mouths.
Above Dogfish Village no fishing camps were established by the
company, but they purchased limited numbers of salmon from a few
independent fishermen, who operated at points below the mouth of

Clear Eiver near Andreafski.
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Commercial fishin<j for export was thus carried on exclusively in

the main Yukon, between the mouth of Clear River and Dogfish
Village and below Dogfish Village, in the main Kwikluak Channel
and its seaward extensions. All subsidiary channels branching off

from the Kwikluak were closed to commercial fishing, whether these

served as communicating links between larger channels, as in the case

of Aproka Pass, or, as in the case of the Kwiguk Channel, secured
independent egress to the sea.

But in no case were the salmon which entered through these pro-

tected channels given unimpeded access to the upper river. All of
them must pass through the 40 or 50 mile stretch of the main river

between Dogfish Village and Andreafski, where they were exposed
to capture for commercial purposes; and those that enter through
the important Kwigiik Channel must in addition run the gauntlet of

a further 40 miles of river between the K^viguk entrance and Dogfish

Village. During the past season very little commercial fishing was
in fact carried on in the stretch of river above Dogfish Village, but
this was of choice and not from necessity, for no restrictions are there

imposed by existing regulations.

During the season of 1919, 65 per cent of the king salmon and 61

per cent of the smaller fish—chums, cohos, and sockeyes—were taken
beyond the mouth of the river, while in 1920 the proportion was even
greater, 69 per cent of the king salmon and 68 per cent of the chums
being taken outside.

The fishing grounds in 1920 extended much farther away from the

river than in 1919. During a part of the season 12 fishing boats were
located between 10 and 20 miles outside Nilak, along the shallow
banks bordering the Acharon Channel on the mainland side (U. S.

C. & G. S. chart 9373). The outermost stations were for a time the

most successful, meeting the Yukon salmon well down the coast

toward the mouth of Black River. How much farther in the direc-

tion of the Kuskokwim the advancing schools may be encountered in

numbers adequate to warrant commercial fishing is as yet undeter-

mined. An expedition which they sent down the coast to Cape
Romanof testifies to the interest of the Carlisle Packing Co. in this

question.

The fishing methods employed by the company in 1920 did not
differ from those in use in 1919. Almost their sole dependence was
on gill nets, set in convenient lengths in the eddies and on shallow
banks along the main channels. For the most part these were set

nets or anchored gill nets, with one end made fast to the shore and
the outer end anchored. But during the latter end of the season,

when the river was no longer at flood, it became possible to fish on
shallow banks, which were not available during the height of the

king salmon run. Stake nets were then used in larger numbers
and would unquestionably have been availed of more extensively

throughout the season had the stage of water permitted.

The gill nets used were of two kinds, the king salmon nets of 8f-
inch mesh and the nets for chums and other small salmon of 5f-inch
mesh. As the company from the beginning of the season contem-
plated fishing largely, if not exclusively, for the king salmon, only
nets of the larger mesh were issued during the height of the king
salmon run, which lasted up to the last days of June. After this
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date the smaller mesh nets were also issued, but the number of these
on hand was not adequate to supply all the fishermen.

Forty-one boats in. all were employed in fishing, 34 of these
throughout the season, the remainder for varying periods. Four of
them were engaged so short a time and obtained so few fish that they
may well be omitted from consideration. To each boat was issued
200 fathoms of king salmon net, and subsequently 200 fathoms of the
small mesh salmon net, to the extent that this was obtainable.
In addition to the gill nets, renewed attempts were made in 1920

to use fish wheels. Two of these were constructed by the company,
but were no sooner placed for fishing than they were put out of
commission by the heavy drift which was running during the early
days of the fishing season.

In addition to the above, nine wheels were privately owned and
operated within the area open to commercial fishing, and the catch
of seven of these was sold in whole or in part to the cannery. A
very limited number of salmon were obtained from independent
fishermen using nets. The number thus purchased from independent
operators using wheels or nets amounted to some 7,400 kings and
27,000 chums, out of a total number handled by the cannery of
58,467 kings and 155,655 chums.
The fishing gear operated by the cannery and by private parties

occupied only a narrow fringe along the margins of the channels.

No attempt was made to fence or block the main channels in any
maimer, nor could such an attempt at any time be successful.

The employees at the cannery numbered 254. Of these, 122 were
brought in from Seattle, including 40 Orientals and 44 fishermen.

Of the 132 Alaskans, 40 were employed as fishermen, while 48 were
natives, of wliich the first crew of 25 ceased work in the middle of the

season. It was pleasing to learn from the superintendent that the
Alaskan fishermen gave a good account of themselves and would
hereafter be preferred by the company.
The pack put up by the cannery in 1920 was far less extensive than

in the previous year, as is shown by the following table

:

Pack of Salmon by Yukon Cannery ir 1919 and 1920.

Product.
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moiis quantities of drift, whicli clofjged the nets and rendered them
inellicient. Also, dnrin<2: Jul_y the weather was unusually stormj^, in-

terferintr with the fishinfj and endangering both fishing gear and the
lives of the lishennen exposed on the flats beyond the river's mouth.
From the cannery standi)oint, the season was a failui-e, redeemed from
actual loss—if such indeed was the case—by the extremely high price
quoted this year for king salmon. Yet the cannery pack of 28,758
cases fell short only 1,242 cases of the maximum number of salmon
which had been designated by the Secretary of Conmierce as safely
to be spared for commercial purposes from the Yukon River run.

No fish intended for export from Alaska were salted on the Yukon
River in 1920.

SUPPLY OF DRIED SALMON PREPARED ON YUKON RIVER IN 1920.

On the voyage down the Yukon from Lower Lebarge to the delta,

following close behind the running ice. May 24 to June 13, few indi-

cations could be observed of prejiaration for the fishing season. Here
and there a white fisherman was engaged in constructing his fish

wheel in time for the short king salmon run, but the native fish camps
were unoccupied. Later it was evident that in comparatively few
instances did the natives have wheels in the Avater in time to obtain
any considerable number of king salmon.
On the lower river, below Hoh- Cross or Paimiut, the natives be-

long to the Innuit stock, and fish much less extensively wdth wheels
than do the Indians of the upper river. They employ for the most
part sliort lengths of homemade gill nets, which they set in eddies
behind projecting points of the shore. As favorable localities are
found almost exclusively along the high right (north) bank of the
lower river, the fishing villages are confined to that side.

Above Holy Cross the use of nets becomes less and less an im-
portant factor, and wheels are relied on almost exclusively for the
capture of salmon. Rarely was the primitive fish trap or basket or
tlie dip net seen in use. The small fish wdieels, which seem to have
been introduced on the Tanana River in 1904, have been generally
adopted on the upper river by whites and natives alike. They cost

about $50 each, in addition to the labor of building them, and are
wonderfully effective when skillfully placed.

In the section of the river between Holy Cross and Rampart little

dependence is placed by the natives on the king salmon. There is

an early short run, and the natives are traditionally dilatory in mak-
ing preparations. By the time their wheels are in the water the
king salmon run is largely over. It is also true that the king salmon
are more difficult to preserve, being larger in size and richer in oil.

Those that are put up by the natives are kept largely for their own
consumption and for this purpose are most highly prized. Taking
the river as a whole, a distinct hardship is imposed on whites and
natives alike when the king salmon run is below normal.

I^nquestionably, however, the chum furnishes by far the larger
share of the dried salmon. Along some stretches of the river almost
complete dependence is placed on this species, locally know^n as the
dog salmon and the " silvers." The higher grade of chums, known as
" silvers," form the staple dog food throughout the Yukon country.
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All the traders handle them and may deal in from 5 to 50 tons in a
3^ear. But they refuse to purchase dog salmon except as a last re-

sort. The majority of the natives at the close of the fishing season
sell a portion of their salmon supply to the trader with whom they
deal, frequently leaving themselves without adequate provision for
their families and their dogs. Later in the year they are often com-
pelled to repurchase dried salmon at an advanced price, paying for
it with the proceeds of their winter trapping. They are, of course,

more or less improvident, as in the case of other primitive peoples.
Their sale of salmon in the fall is frequently to liquidate their debts
to traders who had extended them credit earlier in the season.

In the section of the main river below Eampart, where salmon are
still rich in oil and the rainfall during the summer months is usually
heavy, resort is had to smoking the salmon in order to preserve
them. There is no commoner sight along tlie Yukon than the cluster

of white tents in some picturesque nook among the hills of the right
bank, and with them one or more high, barnlike smokehouses, which
emit a faint blue vapor. There will be a fish wheel turning in the
current along the rocky shore and a number of open-air racks, more
or less protected from the weather, on which the salmon are hung
for a time until partially dried and ready to be smoked. The pic-

ture is, of course, not complete without the native men, women, and
children of the summer camp, nor without the invariable row of
dogs closely tethered to stakes driven near the water's edge. Here
the dogs fatten on the salmon heads and back bones and other refuse.

They scratch out shallow holes to lie in alongside their stakes or
burrow deep into the adjacent bank, if one be at hand, to escape the
implacable swarm of mosquitoes.
Along the Tanana and the upper Yukon is a region of less rain-

fall, in which also the salmon have relatively dry meat, which is

easily preserved. Here smoking is frequently dispensed with and
dependence had entirely on air drying. But, by whatever method
prepared, the fish of the upper river, of the Innoko, the Koyukuk,
and the Tanana, are of inferior grade, and bring a lower price than
do fish imported into these districts from the main river. The best
product of all is secured from the Eampart Rapids. Here the
"silvers" are said to average larger and fatter than in any other sec-

tion. It is not improbable that inferior strains of dogs and " silvers
"

have turned into the lower tributaries, leaving at the rapids almost
exclusively high-grade fish bound far up the river.

In the coastal district when salmon are running abundantly
trenches are often dug in the soil b}^ natives and hundreds of salmon
are thrown in without preparation of any kind. They are then
covered with earth and nature is permitted to have her unrestricted
way with them. When the contents of these trenches are scooped
out at some convenient season, perhaps in midwinter, they are said
to make acceptable dog feed and to be not wholly shunned by the
natives themselves.

The king salmon intended for their own food is often carefully
prepared and stored away by natives of the lower river. "When suffi-

ciently dried and smokedj the sides are cut into pieces of convenient
size and packed solidly m large baskets made for the purpose of
woven grass, or willow roots, or frequently of salmon skins which
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are neatly fitted together and sewed with sinew. The dog and ''sil-

ver" salmon are tied in bundles weighing about 00 pounds antl stored

away in the caches in this shape. King salmon are also put in bun-

dles on the upper river. Mention has been made of the salmon

oil obtained as drippings from king salmon. In addition to this

product, the eggs are very generally saved, being closely packed in

any convenient receptacle, without si)ecial attempt at preservation.

During the early part of the king salmon run, from June 25 to

July 1, a launch trip was made from Kwiguk to Holy Cross and
return for the ])urpose of inspecting the condition of the salmon

racks and obtaining a clue to the extent of the king salmon run

along the river. The run had been on in this district about one

week, and all the fish racks along the river contained considerable

numbers of king salmon. The opinion was general that the season

was opening favorably. It is in the delta and along this stretch of

river that fishing is conducted largely with short lengths of gill nets

set in eddies, and in this district the run of king salmon is a very

important factor in providing the winter's supply of food.

In addition to the native camps, there are numerous fishing sta-

tions occupied by white men. Many of these men are married to

native women, and some of them are found in native camps, divid-

ing the proceeds with the native families. In such cases we observed

commonly that the efficiency of the camp was increased. The white

men operating on the largest scale were usually holders of w^inter

mail contracts, which necessitated the use of large numbers of dogs.

One such mail carrier keeps some 60 dogs and requires annually for

their feed from 12 to 14 tons of dried salmon. As these are exclu-

sively dog or "silver" salmon, the number used is between 15,000

and 20,000.

Other white men take dogs to board during the summer and sell

all salmon they are able to put up beyond their own needs. Many
of the more intelligent natives now count on doing the same. There
is a wide and legitimate demand for dried salmon, for use during the

winter season when all travel in the interior of Alaska must be by dog
team. As it is impossible to cairy enough salmon for a long journey,

all " dog mushers " depend on the country they pass through. The
road houses maintain a supply for this purpose, the dried salmon
taking the place of hay and grain in regions where horses are em-
ployed, and lieing equally indispensable.
During the month of August and the first 10 days of September the

Yukon was traversed from the delta to Dawson and the Tanana
as far upstream as Nenana, traveling in a launch and calling at

the fish camps on the way. The number of families was ascertained

as accurately as possible, the number of wheels engaged in fishing,

and the total amount of dried salmon prepared for the season. In
practically every native camp visited, one or more persons had a

sufficient understanding of English to enable them to furnish the

required information. In the majority of instances the racks, smoke-
houses, and caches were inspected, and finally some facility was ac-

quired in verifying by observation the estimates furnished.

By this method the writers are enabled to present an estimate of

the dried salmon prepared on the Yukon in 1920, Avhich is based on

54777°—21 10
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more extended data than any heretofore furnished. That it is an
understatement of the amount of salmon actually captured and used

on the river is obvious from the following considerations

:

1. The lower river was canvassed from the 1st to the 15th of

August, and there was a later run of " silvers " of limited extent, of

which the figures give no account. A message from Holy Cross,

dated Sej)tember 15, indicated a medium run of " silvers " for some
three weeks after that point was passed. The still later run of

cohos is also not included in the estimates.

2. No clue could be obtained as to the number of salmon eaten

fresh during the season, but this must be a considerable item.

3. None of the tributaries of the Yukon were visited, with the

exception of the Tanana below Nenana, yet some of these, like the

Innoko, the Koyukuk, the Porcupine, and the Stewart, are im-
portant streams. The natives in these regions draw on the rivers for

their supply of dried salmon, and the white prospectors and miners

out on the creeks may obtain their dog feed from the very spawning
beds. To what extent spawning beds are invaded for this purpose

is not laiown, but from reports that have been received it would
seem probable the figures may reach dimensions of some local

importance.
On the Yukon River, from the mouth to Dawson, 97 native fish

camps were observed, each of which contained from 1 to 15 families.

Three hundred and seventy families were listed, who were engaged
in fishing, but the matter was sometimes obscure and the number of

families may have been somewhat greater than this. The natives

operated 166 wheels, in addition to the short gill nets of the lower

river, which were not enumerated. The dried salmon put up by
them amounted approximately to 350 tons, or nearly 1 ton to each

known family. Many families had less than this amount, but others

compensated for the deficiency by harvests of 3, 4, or even 5 tons.

The younger generation gives promise of being more provident than

the old. Some of them put up large surplus stocks for sale and
carry over fish from one season to the next. There is some ap-

parently well-founded complaint that sufficient care is not always

given to curing the salmon, so that in rainy seasons like 1920 large

stocks may be offered for sale which are rendered almost worthless

by mold and decay. One Japanese fisherman operated a wheel on

the river and put up 1,200 pounds.

There were 76 white fishing camps, usually with a single white man
in a camp, but in a few instances two white men were working in

partnership, or a white man in conjunction with natives. There

were 91 white men in all, and they prepared approximately 190 tons

of dried fish.

On the Tanana River below Fairbanks there were 24 native fishing

camps, operating 24 fish wheels and containing approximately 30

tons of salmon. There were also 26 white fishing camps, with 34

wheels and some 52 tons of salmon.

Altogether, on the Yukon and the Tanana, 301 fish wheels were

operated in 1920 and resulted in a take of 622 tons. Of this amount

8 per cent were king salmon and 92 per cent were chums. If an

allowance of 100 tons is made for the tributaries not visited and for

the later runs on the Yukon which were not seen—and this allowance
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is almost certainly inadequate—there would be a total provision of

dried salmon for the Yukon and its tributaries in 1920 amountini!;

to 722 tons.

The only previous estimate known, based on a partial canvass of

the fishin*^ camps, was that prepared by Messrs. II. J. Christoffers

and C. F. Townsend, of the Bureau of Fisheries, in 1918 for the

purpose of the Yukon hearin<z of that year. They enumerated 393

fish wheels and a total product of 650 to 700 tons for the Yukon
and Tanana Rivers, exclusive of Yukon Territory. Mr. Volney

Richmond, manajj^er of the Northern Commercial Co. stores, basing

his estimate on conditions throughout the Yukon Valley, intimately

known by him for many years, gave 600 tons as a fair annual provi-

sion of dried salmon for the region. It is possible that more salmon
were dried in 1920 than would represent a fair avera^^e for tlie river,

inasmuch as the previous year had been largely a failure, prices for

dried salmon had risen to unheard of figures, and all reserve stocks

had been exhausted.
Estimating the average dried king salmon at 5 pounds, and

the average chum at 1^ pounds, there were about 23,000 kings and
1,000,000 chums put up on the Yukon in 1920 for local use.

COMPARISON OF 1920 WITH 1919.

At all fish camps visited expressions of opinion were invited as to

the relative size of the runs in 1920 and in 1919. The evidence given

was overwhelmingly in favor of the run of 1919 being considered one
of the worst if not the very worst ever known on the Yukon. Natives

and whites all were practically a unit in this belief. Those who
believed the cannery was not responsible for the shortage were as well

satisfied on the subject of the shortage itself as were those who laid

the entire responsibility at the door of the cannery. Those who did

put up fairly satisfactory supplies of sahnon recognized that they
were especially favored in their locations, but thought that the river

as a whole was relatively bare of fish.

In the lower section of the river more fish would have been pre-

pared if storms had not broken the wheels and interrupted the fish-

ing. Storms also broke wheels and interrupted fishing along this

section of the river in 1920, but racks and smokehouses were not
empty of fish. The natives about Nulato and Koyukuk would have
made better provision for the winter of 1919 had they fished dili-

gently throughout the season instead of potlatchins: as they did.

They would unquestionably have had more fish, but it is doubtful
whether they could have secured enough even had they fished consist-

ently with as much diligence as they ever display. It was impos-
sible to doubt, after interviewing several hundred people distributed

along the entire length of the Y^ukon, that the run of 1919 was phe-

nomenally deficient ; and, furthermore, that if this condition should
become permanent, or should frequently recur, a very serious condi-

tion would arise in the interior of Alaska.
No basis is available for a well-founded estimate of the amount of

dried salmon put up in 1919. but we believe that 150 or 200 tons
would be an outside estimate for the entire river. The price rose

to 25, 30, and 35 cents per pound, with no stocks available even at

those prices. Men compelled to travel during the winter experienced
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the utmost difficulty in securinjy substitute cloo; feed. Fresh meat was
used, although this is by no means satisfactory, and deplorable num-
bers of caribou were slaughtered by natives and others for this

purpose. Cereals and bacon were made use of, and stores and trading
posts soon found their stocks running low. The natives killed, or
permitted to die of starvation, half or more than half of their dogs,
and many white men were compelled to adopt the same course.

Undoubtedly the best dogs were retained and the least valuable were
culled out of the teams. But the general opinion entertained by those
best acquainted with the natives and their needs was to the eifect that
the great reduction in the size of their dog teams was disastrous and
the dog shortage was sure to hamper them in their efforts to make a
living during the coming winter.

There were no reported cases of starvation or of serious suffering

among the natives during the winter of 1919 because of the shortage
of salmon, although they might well have occurred in outlying dis-

tricts if help had not been given by white traders and by others.

At Tanana rations were issued from the military post at Fort Gibbon,
intended to relieve distress among the sick and aged natives of that

vicinity. But the winter was in some respects unusually favorable.

On the upper river heavy snows drove the caribou to the lowlands
near the river, where natives could hunt them without making long

sledge journeys with their dog teams into the mountains. Com-
missioner Mackenzie at Dawson said that had it not been for this

fortunate coincidence the Indians in that vicinity would have suf-

fered severely. In the Tanana-Fairbanks district moose were abun-
dant and were easily captured in the deep snows. And farther down
the river, in the Nulato-Koyulaik region, the grouse, which had been
scarce for a number of years, had begun to come back in their former
abundance. Here again had the season not been unusually favorable

for securing fresh meat near at hand severe suffering would have
been experienced. Such favorable conditions can not be expected to

recur shoidd the salmon supply again fail.

To resume, it does not admit of doubt that there was a most serious

scarcity of salmon last winter, nor that this was occasioned primarily

by an equally serious shortage in the run. By no other theory can
so general a failure in the river fishing be explained. The lower

and middle sections of the river, the Eamparts and Upper Yukon,
the Porcupine, the Tanana, and the Koyukuk, all tell the same story.

Dogs were sacrificed in large numbers, which were neither useless

nor superfluous, and the natives were saved from serious suffering

only by a series of happy coincidences, which could not again be

expected.

TO WHAT EXTENT WAS YUKON CANNERY RESPONSIBLE FOR 1919

SHORTAGE?

As the cannery of the Carlisle Packing Co. at the mouth of the

Yukon did not operate prior to 1917, and as neither the king, chum,
nor coho salmon matures in two-year cycles, it is evident that the

cannery could have had no influence on the size of the run which
presented itself at the mouth of the river in 1919 and sought access

to the spawning beds. The individuals which comprised this run
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had all been derived from e<j^<^s deposited in the Yukon <;ravels

before ever the cannery was established. There could be no ques-

tion, therefore of imi)airment of the run having resulted in 1919 from
previous cannery operations.

The only possible etl'ect of the Carlisle cannery up to the present
time has been to diminish, by the number of salmon captured, the

runs which enter the river and are available to the native and white
inhabitants of the valley. In 1919 the company rei)orted the capture
of 101,107 king salmon and 357,081 small salmon, largely chums. If

these had been captured upriver and dried, the king salmon would
then have averaged about 5 pounds each and the chums 1^ to 1^
pounds. Adopting the lower figure, the cannery pack, dried, vrould

have amounted to 252 tons of king salmon and 223 tons of the smaller

varieties, or 475 tons altogether. This is held to be more than twice

any possible estimate of the amount of dried salmon actually put up
during that season on the entire river.

If the 100,000 kings and the 350,000 chums taken by the cannery
had been permitted to ascend the river, to what extent, we may ask,

would the situation have been helped? It would depend on the size

of the run and the proportion Avhich, under the conditions of 1919,

would escape capture at the hands of the river fishermen. If the

fishing camps along the river were catching 50 per cent of the run,

the cannery fish would have added some 235 tons, and the catch

would thus have been more than doul:)led. If they were capturing a

third of the run. the cannery fish would have increased their small

catch by over 150 tons.

Data for such an estimate are not available. In the muddy waters

of the Yukon the schools of salmon are invisible, and no direct

estimate can be formed of their numbers. There is abundant evi-

dence, however, that a large majority of the king salmon running in

1919 were captured in nets or encountered nets and escaped from
them on the way into the river. White fishermen and natives, prac-

tically without exception, including those who felt no hostility to the

cannery, agreed that the king salmon averaged smaller in size than

ever before and that the relatively few larger individuals were net

marked in the majority of cases. The same fishermen, operating in

the same localities in 1920, state almost without exception that the

king salmon in 1920 averaged large in size, and the number of net-

marked fish was so small as to be negligible.

Many opportunities have occurred to observe elsewhere salmon
caught in wheels or traps above a district heavily fished with gill

nets. The results are always the same. The smaller salmon filter

through the nets, which screen out the larger sizes, leaving the

average size of the escaping fish alwaj'S greatly diminished. And
many of the fish escape through the web after being temporarily

captured, the twine having become so tightly constricted about the

body as to leave permanent marks that can not be mistaken. At the

rack which was maintained in Wood Eiver above the Nushagak fish-

ing district there was opportunity to examine the fish escaping

from gill nets that were capturing from 75 to 90 per cent of the

running fish, but never were the escaping sockeyes so extensively

net marked as the Yukon king salmon are credibly reported to

have been in 1919.
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Not all the screening out of the larger sizes and the net marking
"was due to the operations of the canneiy. Natives in the lower river

also fish for king salmon with nets, but the extent of their operations
is so very small compared with that of the cannery in 1919 that the
effect was negligible. Fishermen interviewed stated that they had
in previous years seen a few net-marked fish prior to the opening
of the cannery, but never anything to compare with the condition
observed in 1919. The prevalence of small-sized king salmon in

1919, taken in connection with the extent of the net marking, may
justly be considered a measure of the closeness with which these
salmon were fished in 1919.

What was true of the king salmon was true also, it is believed, of
the run of chums. Fishing for these was prosecuted during the
months of June, July, and August. Conditions at the mouth of the
riA^er were comparatively favorable for a maximum catch through-
out the season. As the salmon move back and forth with the tides,

passing up and down the banks where nets are staked, and loitering

in the eddies where other nets are anchored, the cannery gear has
repeated chances to ensnare them. One of the principal deficiencies

in the 1919 run in the upper river was the almost total failure of
the " silvers." These, it will be recalled, are the bright chums of high
quality which run after the king salmon have passed. It was to

these that the cannery devoted its attention after the king salmon
nets had been retired. In 1919 the king salmon run had materially

declined by July 5, and it was after this date that 272,717 out of the

total 357,081 small salmon (principally chums) were taken. It is

considered certain that the operations of the cannei^ in 1919 very
materially added to the scarcity of fish on the river. Had the fish

captured by the cannery been free to enter the river, the run would
still have been below the normal size, but the distress and incon-

venience occasioned to the interior of Alaska by the salmon short-

age would have been largely mitigated.

EFFECT OF CANNERY IN 1920.

The run of 1920 has been universally approved by fishermen as

the most favorable since 1916. Salmon were abundant, of good
average size, and of excellent quality. Some fishermen acclaimed

it the largest run they had ever seen on the river, but the majority

called it a fair average run of the better class of years. Certain it

was there was no necessary lack of dried salmon anywhere on the

main river as far upstream as Dawson. Some complaint was heard

of insufficient fish supply on the Yukon Flats in the vicinity of

Fort Yukon, and it was noted in certain natiA^e villages between
Circle and Forty-Mile that scant provision seemed to have been made
for the winter. But it was not evident that there was any lack of

sahnon. All white fishermen and some natives in these districts made
good catches and reported the fish abundant. At Dawson, where
serious complaints were heard the previous year, sufficient supplies

were secured in 1920. Such slackness as apparently existed in

certain native camps may find its explanation perhaps partly in the

effects of the " flu," which ravaged some of these communities in

the spring of the year, partly in superabundance of money, owing
to high prices received for muskrat pelts, and partly, in some com-
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nuiiiities, to a general shiftlessness, which habitually leads to priva-

tion and siifferin<r in the winter.

A similar condition was observed in certain fish cam])s on the
lower Tanana, in which natives seemed obviously less intellifjent and
less ellicient than in the <;reat majority of camps on the main I'iver.

In a few of these was heard the complaint that there were no fish,

but it is believed that their scant supply was due to other causes. It

is of course true that any scarcity will first declare itself on the
upper river and amon^r the tributaries, after the salmon, which
run in a sin<rle channel in the main river, have distributed them-
selves over a far wider area. It is re<rretted that reliable rei)orts

could not be obtained from the Innoko, the Koyukuk. and the Por-

cupine.
In comparing the effects of the cannery in 1920 with those in 1919

conditions are met in the two years that were the very reverse of

one another.

In 1919 the total run of salmon was far below normal, the condi-

tions for fishino^ at the mouth of the river were favorable, the can-

nery catch Avas very large, and considered in relation to the number
of salmon running it was far larger.

In 1920 there was at least a fair average run of the better class, and
not improbably it was one of the best runs that can be expected in

the Yukon; but the cannery was unsuccessful, owing to adverse fish-

ing conditions. It obtained little more than half as many kings as

in 1919 and less than half as many chums. Had the 58,000 kings and
155,000 chums been permitted to enter the river more salmon un-
doubtedly would have reached the spawning grounds, but the amount
of dried salmon would not have been greatly increased. In the first

place the number released would bear a small ratio to the total num-
ber running in so good a year; and. furthermore, along that section

of the river which put up by far the larger amount of dried salmon,
wheels, if operated more than a few hours each day during the

height of the run, caught more fish than could be cleaned and pre-

pared for drying. It does not then appear that with a large run of
salmon and a relatively small cannery pack the latter has any recog-

nizable effect in lessening the dried salmon supply of the Yukon. We
are not prepared, however, to venture the assertion that such would
have been the case had the cannery pack in 1920 reached as large
proportions as it attained in 1919. I^ut even had the cannery put
up the full 60,000 cases in 1920, for which it made preparations, it

would not have reproduced the severe conditions which existed on
the river in 1919. These, as has been shown, were the result of a

phenomenally poor season, made much worse by a large cannery
pack.

GENERAL DISCUSSION AND RECOMMENDATIONS.

The dependence of the native and white population on the salmon
supply of the Yukon admits of no cfuestion in the minds of any who
have acquaintance with the conditions of life in the great interior

of Alaska. The natives have other sources of food, but the salmon
form their main provision for the winter—their insurance against
starvation when other sources of food fail them, as they not infre-
quently do. No one who inquires into the matter can doubt that if
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the supply of Yukon salmon should become seriously curtailed wide-
spread suffering and death would in many seasons be visited on the

natives.

The question of furnishing food for the whites is less urgent, but
is not without importance. It was brought to our attention that with

the price of all articles of food rapidly rising, while wages in the

interior of Alaska have shown practically no increase during recent

years, the presence of a cheap source of food is of value.

But one of the most important phases of the salmon question,

which concerns whites and natives alike, is in relation to the dog.
The whole scheme of things in the sparsely populated Yukon wilder-

ness is predicated on the dog, and the use of the dog necessitates

dried salmon. The winter is the only time for travel except along
the waterwaj's of Alaska, and winter travel is impossible without the
dog team. Dogs are equally indispensable as draft animals and pack
animals. Transportation of the winter mails over thousands of miles

of the interior of Alaska must be accomplished by dog team. Men
of the Army and the Signal Corps, like all other people in Alaska,
are dependent on the dog whenever business makes it necessary for

them to undertake winter travel. Fort Gibbon alone needs 40 tons
of dried salmon each year to feed the dogs that they find indis-

pensable in their work. Prospectors need them to carry their sup-
plies into the hills. Wood choppers require them to haul in the
wood. Indians must have them on their long hunting and trapping
expeditions, and without them can neither secure meat for their
families nor furs to exchange for the other necessaries of life.

The dog is as essential in Alaska as is the horse in other regions,
and the only acceptable dog feed is dried salmon. Various substi-

tutes have been tried out when salmon could not be procured. They
were used extensively by the " dog-mushers " of 1919, when dried
salmon often could not be had at any price. Fresh meat was used,

and enormous numbers of caribou and moose were slaughtered for

this purpose. But it is impossible to carry sufficient meat for many
days, and the supply is precarious. Furthermore, the dogs do not
thrive and work well on this diet. A diet of cereals and fat in some
form was extensively used. Stocks of rice, flour, corn meal, and bacon
were heavily drawn on. Dogs traveled well on a ration of corn meal
and bacon, but the expense was almost prohibitive, and there was the

labor of cooking up each night in camp a meal for the dogs after the
exhausting travel of the day with the temperature perhaps 50°

below zero and a weary famished team waiting to be fed. Dried
salmon forms a light condensed food which contains all the elements
needed to keep a hard-working team in excellent condition, and it is

always ready to be fed without preparation. There is no acceptable

substitute, and there is not in Alaska any divergence of opinion on
this subject. No single need in the interior of Alaska is more gen-

erally or more urgently felt than dried salmon for its various uses.

It is clear, then, that the Yukon and the Kuskokwim offer salmon
problems which are not pressing on any other Alaskan rivers with
the exception of the Copper River. These streams drain the far

northern interior districts of Alaska with long severe winters and
the briefest of summers. The inhabitants are few in number and
are distributed widely over a wilderness which is largely without
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population. Their lives are subject to the most severe conditions of

existence. Largrely they are dependent on the resources of the

country. To deprive these people of one of their most valued and
most important resources would seem under such circumstances

peculiarly indefensible. The piinciple should be adopted with regard

to the interior rivers of Alaska that no commercial interests should

be permitted to exploit them until it should be demonstrated that a
portion of their salmon run could be spared without detriment to the

run itself and without encroaching on the supply needed by the

populations that inhabit the valleys of these rivers. And if there is

any question whether the salmon run in a given stream is adequate to

supply the demands of commercial operations as well as the needs of

the inhabitants, the doubt should at once be resolved in favor of the

people. The subject should not be one for experiment. Canneries

should not be permitted to establish themselves on these streams

while we calmly await the result. They may create havoc before the

evidence thereof is clearly shown, and in the meantime they will

have secured those highly prized "vested rights" which make their

position difficult of attack.

A floating cannery operated by the Carlisle Packing Co, is already

established at the mouth of the Yukon, and it becomes appropriate

to inquire whether the continued operation of this cannery is com-
patible with the best interests of the Yukon Valley. It is evident

that if the fish required by this company can without question be

safely spared, the cannery should be welcomed, for it provides

much needed freight for a transportation company that supplies

the Yukon and it offers much needed employment for a limited

number of natives and others during a brief period of the summer.
But if the operation of the cannery should threaten encroachment

on the supply of salmon needed in the interior it should be com-
pelled to close, as no advantage to its few employees could possibly

compensate for widespread inconvenience, distress, and suffering.

As a result of the Yukon hearing, given in Seattle, AVash., No-
vember 20, 1918, the Secretary of Commerce promulgated an order

that limited the pack of canned salmon to 30,000 cases in any year

from the Yukon River, embracing all waters of its delta to and in-

cluding the area 500 yards outside each mouth or slough of the

delta at mean high tide. Beyond this area of 500 yards outside the

mouth or mouths of the river the Secretary of Commerce exercises

no jurisdiction, the Congress having failed to confer it upon him.

He is therefore helpless to extend protection to channels between
shoals and islands off the mouth of any river, although such chan-

nels may be regular migration routes of the salmon bound for that

river and as much open to attack as any part of the river channels.

Realizing this deficiency of the laws,"^the Carlisle Packing Co. in

1919 put up approximately the maximum pack inside the river,

and then proceeded nearly to double this with salmon equally bound
for the Yukon which they captured outside the mouth of the river.

In doing this they were wholly within their legal rights, but they

evinced thereby an indifference to the obvious purport of the order,

wdiich was to provide for a strictly limited pack of Yukon fish. In

making this increased pack they happened on a year when the run

was poor and the fishing conditions were excellent. They were
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enabled, therefore, to give a demonstration of the results of such
operations when these two conditions appear in conjunction. The
disastrous year of 1919 resulted.

As to the future, there is no assurance of better protection than in

1919. From our inquiries it appears that the Yukon runs of salmon
are by no means uniform in size. Good years and poor years alter-

nate, and occasional very poor years have always appeared. Mean-
while the Carlisle company continues to operate without check be-

yond the mouth of the river. Should they consider the prospect of

success warranted the expenditure, there is nothing to prevent their

increasing the number of fishermen and preparing for a pack of

100,000 instead of 60,000 cases. Or one or more other companies
may join in the business of catching Yukon salmon off the mouth of

the river if they consider the venture a promising one. The Yukon
run is wholly without adequate protection as long as the approaches

to the river are open to unrestricted fishing and are outside the

jurisdiction of the Secretary of Commerce.
Finally, it is the judgment of the writers that the Yukon Kiver

salmon run is not to be relied on annually to produce a surplus for

export in addition to the supply needed for local requirements and
the further quantity essential for propagation. During good years

a surplus might be spared sufficient to produce a limited pack, but
during poor years the operation of a cannery will have the effect

of making a bad situation very decidedly worse.

It is recommended, therefore, that all commercial fishing for

export be prohibited in the Yukon Eiver and its tributaries, includ-

ing the waters of the delta and an area 500 yards outside the mouth
of each channel or slough of the delta.

Furthermore, it is recommended that immediate steps be taken to

have brought within the jurisdiction of the Secretary of Commerce
all those channels between the shoals and islands which form the

approaches to the Yukon in order that commercial fishing in said

channels for export may be effectively limited or entirely prohibited.

o







DANGER TO FISHERIES FROM OIL AND TAR POLLUTION
OF WATERS.^

iiy J. S. GUTSELL,

Scientijic A.i.sistfmt, U. S. Bureau of Fisheries.

Recently the casting of oil on already sorely troubled waters has
increased at such a rate, has been accused as the source of so many
ills of fishermen and shell fishermen and even of ornithologists, and
has become such an obviolis nuisance, that a considerable realization
of the extent of the contamination and a sense of the possible evil

efi'ects have been aroused. So great is the discharge of oils of various
sorts that in this country it has been proposed to skim off the oil

from some harbor waters and make it available by proper treatment.
In Switzerland a patent has been taken out for the recovery of oils

from backwaters. It is very desirable, therefore, to present a brief

review of the information available regarding the extent and nature
of oil and oil-like pollutions with consideration of the possibilities

of danger therefrom.

SOURCES OF POLLUTION.

Danger of fatal contamination from the poisonous substances seems
to lie chiefly in the gas plants and petroleum distilleries, which on one
occasion or another, if not regularly, find it convenient to let certain
products drain into the nearest l)ody of water; in tankers and oil-

engined craft, which are able to use tar, tar oils, and a great variety
of petroleum distillates; in oil-burning steamships; and in the wash-
ings of oils and tars from roads.

Gas houses and oil refineries are located on all sorts of bodies of

water larger than brooks. In smaller streams, and particularly in

those inhabited by salmonids, discharges are doubtless frequently
fatal to fish life and quite ruinous to the fish value of the water. In
larger bodies the actual destruction of fish is apt to be small or incident
to exceptional discharges, and the chief harm probably will come
from the uninhabitability of the water, especially if this means the
rendering unfit of a spawning ground or the forming of a barrier
thereto as for salmon or shad.

In streams large enough for steamers, and in all larger bodies of

water, there are added to the contributions from gas houses and
refineries those from tankers and other ships, and the dangers to
fishes from poisoning or coating of gills are correspondingly increased.
These larger navigable bodies may be spawning grounds and are
almost sure to be gateways to what should be spawning grounds.
The danger here, therefore, of keeping fish away from the spawning

' Apppndix VII to the Report of the IJ. S. CommLssioner of Fisheries for 1921. B. F. Doc. 910.
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grounds is far greater than the danger of destruction. It has been
charged, but apparently not specifically established, that fish in har-

bors and the lower stretches of rivers have been killed by the dump-
ing of oil from tankers. All of these vessels must clean out their

tanks before they refill them and are prone to do so in harbor or as

near there as may be.

Well out at sea and in the larger bays the only source of consider-

able oil pollution seems to lie in the shipping, which, if it can not
discharge in or near harbors, will do so at sea. Moreover, it seems
clearly established that great oil films do form at sea. Huge patches
have frequently been observed, and Collinge reports that sea birds

have been found dead and dying by hundreds off the English coast,

their feathers saturated with oil. i)eath of sea birds from the same
cause is reported from our Pacific coast.

Tar from freshly tarred roads may be washed bodily into gutters

and thence into streams or other bodies of ivater. Apparently, how-
ever, the greatest danger of direct action from tarred roads is from the

fact that under the various influences at work—presumably heat, the

mechanical action of vehicles, and soluble action of oils—-poisonous

substances are yielded to road washings for a great length of time.

Various people in England, as recorded especially in the (London)
Fishino; Gazette, have described instances or experiments which indi-

cate the continued poisonous action of tarred roads. Richmond
found that although an undisturbed tarred surface became innocuous
in three weeks, washings from material chipped from a road which
had not been tarred for approximately one year were fatal to fish.

Tarred road washings appear to be noticeably destructive of fish and,

largely thi'ough the destruction of food organisms, of fisheries, chiefly

in streams not larger than small rivers and ponds, particularly trout

waters. In well-developed country so fortunate as to possess salmon
streams, tarred roads doubtless constitute a menace to the salmon
fishery.

Oil from motor cars, etc., goes into small as well as large bodies of

water and is of greatest volume at large towns.

EFFECTS OF OIL POLLUTION.

Oil remains in part as a surface film on the water, and is probably
in part emulsified and distributed in intermediate strata, while the

heavier fractions are deposited on the bottom, where they persist

for a long time. All parts are washed ashore to be deposited on the

beaches and vegetation between tide marks.
This pollution may affect the fisheries in various ways: By actu-

ally killing or repelling the fish when they approach the shores in

their migrations, at the only time when they can be caught ; by sick-

ening or killing bottom-dwelling species such as oysters; by killing

floating eggs and the delicate larv« which, swimming at or near the

surface, are suffocated by the deposit of an impervious film on the

gill surface; by destroying the minute surface plants and animals on
which these larvae and some of the adult fishes subsist; by diminish-

ing the aeration of the water at the surface and thereby aggravating

the deoxidizing effects of organic pollutions from municipa,l sewage
and similar sources; by destroying spawning grounds; by killing the
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shallow water vegetation which directly or indirectly furnishes fish

food and shelter; and by impairment of the market value of fish

through imparting to them an offensive taste.

DIRECT TOXIC EFFECTS.

A great variety of tars and tar oils, either from coal or petroleum,

have%een shown to be highly poisonous. Butterfield and writers

in the (London) Fishing Gazette and the Salmon and Trout Maga-

zine, and Shelford and Thomas in this country (see bibliography)

have reported various experiments which show that tar and tar

oils are poisonous in great dilutions. Tars or tar oils result from

distillations of coal, petroleum, woods, etc. These distillation

products are very complex and varying in composition, but all may
be assumed to contain some of the substances which, in very weak

dilutions, have been shown to be highly poisonous to various fishes.

Phenols and cresols (in dilutions of less than 100 parts per million)

have been found quickly fatal by Butterfield and Shelford. Other

constituents which are quickly fatal in the dilutions indicated ace

phenanthene and naphthalene (4 to 5 parts per million); xylene,

toluene, benzem , and ethylene (22 to 65 parts per million) ; sulphur

compounds, as hvdrogen sulphide (5 parts per million), sulphur

dioxide (16 parts" per million); carbon bisulphide (100 parts per

million); thiophene (27 parts per million); ammonia (7 parts per

million); and ammonium salts and other nitrogenized compounds

(some hundred parts per miUion) ;
quinoline and isoquinoline (50 to

€5 parts per million). The strengths given as auickly fatal are those

which have caused death in one hour, or very little more, to sunfish

(American) or gudgeon (European), fish which seem more than ordi-

narily resistant to poisons. It is stated (Seydel) that Russian

investigators find hexahydrobenzoic acid (CeHuCO.CH), to be the

essential poison of Russian petroleum, and that 4 to 16 parts per

miUion were quickly fatal to a cyprinid and a percid.

The experiments of Thomas and others indicate that prolonged

exposure to very much greater dilutions of these substances are

fatal. Dilutions of various tars and crude distillates of petroleum,

which required 66 or more parts per million for quick fatahty, have

proved fatal in strengths of from 13 to 33 parts per million in from

1 to 3 days. A great variety at 13 parts per million proved fatal in

3 days. "One livquid tar waste at 2 parts per million killed sunfish

{Lepomis humilis) in one day.

MECHANICAL EFFECTS.

Certain petroleum products appear to contain no poisonous sub-

stances soluble in water and to have little direct effect when allowed

to form a surface film, but when emulsified by agitation prove deadly.

A high-boiling petroleum distillate and a light Uiel oil were found by
Thomas to be quite harmless, unless as aeration retardcrs, or unless

emulsified, as by continued moderate agitation, when thej; coated

the gill membranes of the fish and caused death by suffocation.

Rusliton found that bv shaking up 1 part of benzine with 40,000 parts

of water, a mixture "was formed which killed fish in five minutes,

apparently entirely from poisonous action.

68637*—21 2
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Doubtless under the agitation of continued wave action manv, if

not all, oils and oily substances will emulsify or mix to a considerable
extent and so coat the gills of fish or other forms, or have a poisonous
effect which their insolubility would otherwise prevent. According
to Weigelt, ulcerations and attacks of disease have been found to

follow the irritating action of petroleum products.
The eggs of sea fishes which do not seek fresh, brackish, or shore

waters in which to spawn differ from the eggs of all these and of

fresh-water species in that they are typicany floating. In many
cases, at least, the larvje for a time are also floating. This fact ren-
ders the possibility of grave danger to the great sea fisheries a very
striking one, Tor it can scarcely be thought that eggs can hatch and
young normally develop in a medium of oil. The eggs and larv?e

of oysters and other shellfish are not surface floating, but are carried

up and doMai hj the current, sometimes to the surface. A special

danger to them lies in the fact that both oil and larvte (and eggs)

are prone to collect in eddies.

PREVENTION OF AERATION OF THE WATER.

The question of aeration prevention by an oil film is a very impor-
tant one. Butterfield and Thomas have questioned considerable
prevention, Butterfield on the supposition that mineral oil is similar
to water m its oxygen absorption, and Thomas apparently on the
theory that incomplete rather than complete films tend to form.
There need be no question that extensive films do form. Further-
more it seems established by Adeney, especially in salt water and
any water of considerable mineral content, that streaming, with the
consequent distribution of the air saturated surface water, is largely
dependent upon evaporation and increased density at the surface.

If this is the case it must follow that an oil film, by preventing
evaporation, greatly checks aeration. Danger from this seems
chiefly to center in harbors where, because of general pollution,

particularly sewage pollution, the oxygen consumption is greatest and
where, because of gas plants and shipping and the great number of

automobiles, the discharge of oil is also extreme. These are the
same harbors which are the gateways to the great natural spawning
areas of the anadromous fishes.

In connection with the prevention of aeration, oxygen loss b}^ the
absorption of dissolved oxygen, by fatty acids and other substances
present in oils and tars, should be taken into consideration.

DESTRUCTION OF FISH FOOD.

Indirect action of oils and tars may consist of poisonous action on
food organisms. Prawns appear very susceptible to tar poisons, and
in English streams it has appeared that tarred road washings are
even more destructive of insect life than of trout directly. It can
scarcely be doubted that the susceptibility of minute forms is at
least of the same order as that of fish. With a number of micro-
scopic forms, particularly diatoms, it is known that their suscepti-
bility to a number of poisons is greater than that of fish (Whipple,
Moore, and Kellerman). Destruction may, of course, be secondary,
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as from lack of oxygen, or from the destruction or spoiling of emergent
or littoral vegetation with an oil coating, particularly in tidal areas
(by which means wild fowls may also greatly suffer) , and the conse-
quent loss of a productive habitat.

From gas houses, tarred roads, and refineries much of the contam-
ination eventually finds its way to the bottom to render it more or
less sterile according to thickness and completeness of the deposit
and the constancy with which the deposit is maintained. Wadham
indicates that he found apparently complete strata for each fresh
tarring of road, and that it took two or more years for a trout brook
to recover proper productivity of fish.

In some waters the basic fish food consists in part of air-breathing
larvjT3 and pupae of insects, which, if a layer of oil is present, as is well
known, will be unable to come to the surface to breathe and so will

be destroyed. Young of food fishes or the small fish on which food
fishes feed will in consequence be deprived of an important source
of food, and the productivity of the region will be correspondingly
decreased. In 1920, through the Gulf States, Mr. Hildebrand found
that Gambusia and Fundulus, which feed largely on such larvse and
pupiie, disappeared from oil-covered water. He took no special notes
in regard to larger species, but believed they disappeared also, pre-

sumably because their food had disappeared.

SUMMARY.

Three main sources of oil and tar pollution have been found : Koad
washings, carrying great quantities of lubricating oil; gas houses and
oil refineries; tankers, oil burners, and oil-engined shipping. Tars,

tar oils, and crude distillery products are found generally to be highly
poisonous, whether in weak or great dilution. Some oils have been
found to emulsify to a sufficient degree, with continued agitation,

to coat the gills of fish and so produce death by suffocation. An oil

film, through prevention or checking of aeration, is dangerous, par-
ticularly in bus}^ harbors. The deleterious effect on spawning, by
rendering spawning grounds unfit or inaccessible, is a grave danger
arising from the pollution of harbors and streams. Another serious

danger is found to lie in the possible effects on the diminution of the
food supply. Through whatever means, it is an observed fact,

according to Weigelt, that in Germany fish have completely disap-

peared from pools and ponds following the discharge of mineral oil

into the water. In the sea a great danger is suggested by the fact

that the eggs of sea fishes are typically floating, and that oil-burning
and oil-engined shipping is greatly increasing.

Remedial measures may (now or in the future) be found: (1) In
the recovery of oils from drainage water, as already has been pro-
posed; (2) in the prevention of gas-house and refinery pollution,

which prevention should be helped by the increased use of "wastes"
in by-products; and (3) in prevention, by international arrange-
ments, of the dumping of oil from ships in harbors or in the region of

spawning grounds or special feeding areas.
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INTRODUCTION.

The fisheries imhistries are ininunliately confronted with such acute

problems of distribution of products tliat it wmdd seem only natural

if attention were temporarily detracted from the underlyiuir and
endurin*r problems of the industry—those relating" to maintenance of

the resources upon which the industries are based. Nevertheless the
discussions amonir representatives of all phases of the industry when
gathered together in such meetings and conferences as have been held

during the recent period of stress have always brought to the front

the problems that have to do with the perpetuation of fishery re-

sources. Such conditions as the depletion of shad, the decline of the

blue-crab tishory, and the deterioration of inshore waters through
pollution, command such earnest consideration on these occasions as

to prove that tishermen and dealers of broad vision are not misled

through immediate ditfictdties in one department of the industry to

minimize the importance of permanent sources of supply.

Upon due thought, of course, it is evident that the problems of

supply must not be forgotten even momentarily: for the ditHctdties

of distribution can be only heightened by continued depletion of re-

sources and an inevitably accompanying increase in costs of produc-
tion relative to the costs in competing industries. Obviously it can
not become easier to market tish when they become less easily obtain-

able relative to other materials of protein food. No economic fact

can be plainer than that diminishing abundance of fish must be
followed by increasing prices and decreasing consumption.

It is. then, a fundamental and emluring principle that the perpetua-

tion of the fisheries and the maintenance of their relative rank among
other food-producing industries are contingent upon the continued
productiveness of the fisheries—in a Avord. tipon conservation. Con-
servation in turn depends upon the exercise of intelligence and re-

straint in the exploitation of fisheries resources, upon sound action

in removing unnecessary causes of depletion, and upon wisdom in

adopting plans for bringing about where possible an increase of
particidar fish or shellfish. The decline of valuable fisheries has been
witnessed too often to admit of continued faith in the inexhaustibility

of fish or shellfish of any kind. Yet the intelligent determination of
what restrictive measures are necessary, what means of exj^loitation

are unreasonable, or what plans of propagation or development are

profitable can be made only upon the foundation of full and correct

knowledge of the life histories, habits, and conditions of life of the
fish that are to be considered.

It seems generally agreed, for example, that the blue crab of the

Chesapeake is in actual course of extermination by unwise fishery

methods, although there may not yet be agreement as to the particular

methods which are unwise. Eecently this very important question

was referred to a conference of representatives of the two States

concerned, together with officers of the Department of Commerce.
The practical results of such a conference depend much, of course,

upon the sound practical jtulgment and the broad spirit of those

bearing the resi^onsibility for determination of action; but the one
indispensable basis of action is an understanding of the life of the

crab. The sole hope of practical results from a conference of any
group of persons having this problem in view rests upon such



PROGRESS IX HIOLOOICAL IXQUIIUKH, 1!)21. 5

knowledfre as we have of the life history of the crab—in short, upon
the lesiilts of scientific work j)reviously done. KnijjhaBis must be

put upon the adverb of time. The si<rnilicant thin^ is that the work
must in <^reat part, at least, have been aheady done; for knowledge
can not be secured immediatel}'; (jne can not produce the life history

of an aquatic animal upon demand ; it is the result of painstaking^

study throu'rh a period of time which can not be fixed in advance,

and by the application of methods which can not be definitely plotted

bei'oi'eliand.

It is work of this kind which must be done, and continu(jusly done,
so that <rradualiy and steadily we learn more and more about our
fishery animals, if we are to be ready at all times to meet the chang-
ing problems of regulation and exploitation as they arise.

'Ihe scientific loKMvledge which is the basis of the future welfare
of the fisheries retjuires not only time and application, but also

skill and special training. Of greatest importance are the services
of men who have not only natural qualifications and the preliminary
training which institutions of learning can give, but also such special

experience, interest, and devotion as can be gained only as the result

of prolonged apjdication to fisheries studies. Something may be done
with inexperienced and changing agents, but the most successful

and ecf)nomical work will be done with a trained and continuing
force.

In the following report will be found not an account of what might
have been done, or what ought to have been done—but rather a state-

ment of the progress which has been attained under the difficult con-
ditions by which the scientific work of the Bureau has been circum-
scribed. It may be added that the Bureau again closes tlie year with
a less effective force than it had at the beginning. Two members of
the already depleted staff have resigned to accept better paying posi-

tions elsewhere, and two (including one rendering largely volunteer
service) have died and not been replaced. Special acknowledgments
are due to those whose interest and loyalty have held them in the
public service.

In reviewing the subject of investigation it must be understood
that while the Bureau has a definite policy of restricting expendi-
tures to investigations of the most direct practical bearing, it is not
entirely untrammeled in the selection of subjects of investigation.-
The (jualifications of the personnel available necessarily determine in
part the character of problems which can be profitably attacked.

STUDIES OF FISHES.

THE PACIFIC SALMON.

When consideration is given to the magnitude of the industries
based upon tlie salmons and their near relatives, to the unrivaled
rank which some of these fishes hold in the realms of sport and
recreation, to the comparative ease with which the more important
species may be brought to virtual extermination, and to the fact

that all important species are the subject of artificial propagation,
it is apparent that no group of fishes demands a greater share of
attention in the way of scientific study.
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For many years investigations have been directed particnlarly
at the Pacific salmon, and the facts of life histories which are easiest
to secure have been acquired, but yet we are far from havino- ])os-

session of the full Imowledge necessary to direct propagation most
efficiently, or to determine correctly the restrictive measures which
may be enforced with least interference with the proper utilization
of the fishes. The problems before us now are those requiring the
closest and most persistent study, and yielding solution only slowly
and by small stages.

IMMATXTEE SALMON IN THE OCEAN.

The investigations of salmon in Pacific Coast States have been
conducted by Willis PI. E-ich, special assistant. The study of salmon
taken by troll and purse seine in the open ocean has practically been
completed. A preliminary report was prepared and, by authority
of this Bureau, was published by the California Fish and Game
Commission. The conclusions reached may be briefly summarized.
The fish taken in the ocean off the mouth of the Columbia River

contain, in the spring and early summer, approximately TO per cent
of individuals which will not become sexually mature for one or two
years, but by the middle of August this condition has changed so

that nearly 90 per cent are fish which will soon enter the river for the
purpose of spawning. The rate at which this change takes place
and the time at which it occurs have not yet been determined, but
will be taken up in a later report. A comparatively^ small per-

centage of the fish found just within the mouth of the Columbia
River are immature. It should be mentioned in this connection that
it is only occasionally, when unusual tidal conditions obtain, that any
immature fish are taken inside the mouth of the stream.
The fish taken by troll in Monterey Bay in June contain a con-

siderable proportion of immature individuals. The data obtained
in 1918 are most reliable and indicate that only about 40 per cent

of the fish taken would have spawned during the same year. The
data for 1915 indicate that 75 per cent were mature, but selection

may well have taken place in making this collection which consisted

of egg samples only.

The fish taken near Drakes Bay and Fort Bragg in July and
August, 1918, contain approximately 30 per cent of immature fish.

It is of interest to note that this is an approach to the conditions

found off the mouth of the Columbia River in August and suggests

that the composition of all the schools found near the coast changes

materially during the summer season.

It is understood that the preliminary report was used to advan-
tage in the recent movement restricting the operations of both troll-

ers and purse seiners off the coasts of Oregon and Washington. Ad-
ditional data will be embodied in a later report.

Incidental to the work with the fish taken in the ocean considerable

data have been collected which will apply to the report dealing with
the general life history of the chinook salmon. Progress has been

made in the identification of races, and additional eviclence from the

scales of returned marked fish has confirmed the work done last year

on the significance of the various tjqDes of nuclear growth.
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RESULTS OF JfAKKINfi KXI'EUIMENTS.

Mr. Eich has also submitted a rc]iort on " Tvctiirns from, the ex-

])eriments on the niai'kini; of young ehinook sahnon on the Columbia
River." The experiments were started in 1916-17 and described in

Economic Circular No. 45.

The percentage of returns of marked salmon was rather low, but the
results obtained are of some significance. Examination of the scales

of the marked fish which have returned after a period of three to

four years corroborates the theory that the arrangement of the con-

centric rings (circuli) provides an accurate record of the previous
history of the fish. A study of the scales of these marked fish will,

moreover, aid very materially in the solution of perplexing problems
which have arisen in interpretation of the scales of the ehinook
salmon.

Facts gathered during the investigation throw some light upon
the rate of spawning migration of adult chinooks, indicating that
the rate is approximately the same as that previously determined for

sockeye salmon passing through Piiget Sound and the Eraser River,
that is, some 10 to 15 miles per day.
Perhaps the most interesting and important contribution which

these experiments have made to our knowledge of the biology of the
salmons relates to the hereditary character of the factors determin-
ing the time of the year at which the adults enter fresh water and
begin their upward migration to the spawning grounds. It is an
important practical question whether or not it is necessary to breed
from fish of the spring run in order to produce the spring-run fish,

which are more desired than the fall-run fisli. The evidence of
the marking experiments gives some indication that spring-run fish

will be derived from spring-run parents and fall-run fish from fall-

run parents.

A comprehensive program of experiment has been planned to ex-

tend over a period of several years. Two new marking experiments
have been started on the Columbia River in cooperation with the
Oregon Fish and (irame Commission, nearly 100,0()0 j'oung chinooks
having been marked at Little White Salmon station and the State
hatchery at Bonneville.

SALMON INVESTIGATION IN YUKON KIVEE.'

During 1920, from May until September, Prof. Charles H. Gilbert,

temporary investigator, and Henry O'Malley, field assistant in

charge of Pacific coast work, conducted an investigation in Yukon
River with reference to the runs of salmon, the commercial packs
in and near the mouths of the rivers, and the requirements of the
natives and others dependent on the runs of salmon in the Yukon
River system. Data were secured for a comparison of conditions
prevailing in 1919 and 1920. The primary object was to determine
whether or not commercial fishing for export should be allowed in
the Yukon River and its tributaries.

While all five of the Pacific coast species of salmon make their

appearance at the mouth of the Yukon, only three species have sub-

^ Cooperative invostiffation by rHvisions of Fish Culture, Alaska Fishories. and Scientific
Inquiry. Only tlic biolojrical data are summarized here. The full report is published on
pp. 128-1.54 in Ala.ska l^'i.sliery and Fur-Seal Industries in 1920, by Ward T. Bower, Ap-
pendix VI, Report of the U. S. Commissioner of Fisheries for 1921, B. F. Doc. No. 909.
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stantial runs in the Yukon Eiver (kincr, chum, and coho), and of
these king and chum are of the greatest importance by far. The
few reds or sockeyes taken near the mouth of the river are perhaps
strays, for no breeding has yet been reported from any part of the

Yukon Basin. Humpbacks appear at the mouth of the river more
numerously than the red salmon, but never in sufficient numbers to

constitute a run even of small dimensions. As they were far ad-

vanced toward spawning in Jul}^, it was evidently impossible that

they could ascend the river far with their spawning period so close

at hand. The coho runs more or less numerously than the king or
chum salmon and in addition is the latest to appear, often not pre-

senting itself in any numbers in the middle and upper reaches of
the river until the ice is forming in the fall.

The king salmon begins running in the last week of May or the

early days of June. The run culminates quicldy and then almost as

quickly deolines. The rate of migration was found to be remarkably
high, the average rate of travel from Tanana to Dawson being
slightly less than 45 miles per day, and from Pilot station to Daw-
son, involving practically the entire length of the river below Daw-
son, the average rate was 57 miles per day. No record of any other

river approaches this in completeness, nor in the high rate of travel

indicated. . This unexampled speed with which salmon ascend the

Yukon is doubtless, associated with the great distances to be travelled

before reaching their upper spawning areas, taken in connection with
the shortness of the summer season.

The most important natural enemies of the king salmon are the

white whales, or belugas, and the lamprey eels, the former being
undoubtedly exceedingly destnietive, while the latter, though caus-

ing scars on the fish in much greater abundance than in any other

river, as observed by investigators, do not appear to effect serious

injury to the fish.

The chum salmon, which is the principal food product of the

Yukon River, made its appaarance but a few days later than the

advent of the king salmon, the rate of migration being approxi-

mately the sam.e as that of the king.

Two phases in the development of the chum salmon are distin-

guished by the natives under the names of " dog salmon " and " silver

salmon," the dog salmon comprising the individuals farthest ad-

vanced toward spawning. In general the " dog salmon " along any
stretch of the river consist of those individuals which will turn into

some adjacent tributary to spawn, while the "silvers" are on their

way to the upper reaches of the river, show relatively little of the

sexual changes they will exhibit on their spawning beds, and are

still richly provided with the oil which serves as fuel and the princi-

pal source of nourishment during the long journey still before them.
" Dogs " and " silvers " were in general keeping apart from each

other and following distinct migration routes, the " dogs " pre-

dominating on the right and the " silvers " on the left side of the

stream. Heavier runs of kings and cohos were found in company
with the " silvers " along the left limit of the river. It appears,

therefore, that there is a prevailing use of the left shore by those fish

which are found in the upper reaches of the river. This may have
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connection with the fact that the majority of the tributaries of the
loAver river enter on the ri^ht bank.
Fishermen re('0<rnize the succession of phases in the run—the

chums whicli accomiJany the kin<; salmon beinf? of rehitively small
size and poor quality, after which there is a run of l)ii«j^ht fish of
<rood quality, but inferior size ("silvers-'), and finally the last run
of " silvers " of a bri<>;lit rich form and of distinctly lar<2:er size.

This last run of " silvers " is ordinarily of short duration and fur-
nishes the most hifjhly prized fish of the season. A further more
detailed study of the characteristics of the chums at different times
and in different localities and the distribution of the various strains

to their respective spaAvnint; areas would offer results of importance
from the biological and equally from the strictly practical points of
view.

The investigators record their opinion that the king salmon of
the Yulcon is the richest in oil of any known king salmon, and ex-

press the same view with even greater emphasis regarding the Yukon
chums. In this connection it is remarked that in other river basins
the chums do not travel far from the sea, but enter late in the
season to seek spawning beds not far inland, w^hile the best of the
Yukon chums travel 1.000 to 2,000 miles up a river known for its con-
sistently rapid current.

Consideration was given to the passage through which the salmon
enter the river, and the investigators considered it not beyond the
bounds of probability that nine-tenths of the salmon run enter by the
Kwikluak Fass and its subsidiary channel, the Kwiguk.

CHEMICAL STUDIES OF SALMON.

Without expense to the Bureau, Prof. C. W. Greene, of the Uni-
versity of Missouri, has continued his chemical studies of material
collected several years ago to determine the changes in salmon ovaries

and tissues during the period of migration from sea to breeding
grounds. The results of such studies can at first be given only
technical expression, but they are none the less likely to yield in the
end data of direct economic value.

The chemistry of the king salmon ovaries during their develop-
ment in the migration period followed in the year 1908 on a series

of samples collected on the Columbia Eiver and its tributaries has
been tabulated and prepared for publication.

These studies show the following major points: First, the growth
of the ovary takes place primarily during the migration while the
salmon is fasting. The average increase in weight is from about 135
to 150 grams at the end of the feeding ])eriod to 2,000 to 2,500 grams
at maturity. In short, about 90 per cent or more of the development
takes place during the prolonged fast of the migration.

Chemical analyses of developing ovaries show that between the
500-gram stage and the mature-egg stage there is a remarkable uni-
formity of chemical composition. The proteins are high, averaging
from 29.38 to 31.16 per cent. This is undoubtedly all stored protein.
The neutral fats decrease with the develoj^ment and migration, from
an average of 14.15 per cent at the mouth of the river to 10.83 per
cent at the spawning, l^hospholipins average 4.78 at the mouth of

69869°—22 2
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the river and 2.85 at the spawning, showing a decrease with develop-

ment. The phospholipins are much lower than in the yolk of bird

eggs, the hen's egg averaging 11 per cent. The water-soluble organic

extractives and the ash are both remarkably uniform, the extractives

averaging 1.87 to 1.65. the ash 0.66 to 0.81 per cent. The organic

extractives and ash are both low in comparison with other salmon
tissues, but compare favorably with their percentages in the yolk

of other eggs.

The salient points in this study are found in the showing of high
protein storage in the salmon-egg yolk, the relatively low percentage

of neutral fats and of phospholipins, and the decrease of neutral fats

and phospholipins during development. Since in other eggs these

fatty contituents are higher and tend to increase with development,

it is probable that in the salmon the decrease is due to the extreme
drain on the fatty deposits for the production of dynamic energy
during the migration.
Determination of carbohydrate content of certain tissues of the king

salmon during the spawning migration was undertaken as an acces-

sory test. The gross samples were preserved in alcohol, and in the

final analysis all glycogen was converted to glucose and the deter-

mination made in that form. The results show a very low glucose

content of all organs and tissues. Glucose was present in all the

tissues of the feeding salmon, Monterey Bay and Bolinus Bay speci-

mens, but was absent or in reduced amount in the migrating and
spawning salmon, with the exception of one tissue, the ovaries. In
the ovaries, the percentage of glucose was practically constant

throughout the migration.

LIFE HISTORIES OF MARINE FISHES.

During July and August, 1920, studies of the life histories of
fishes of the middle Atlantic coast were carried on by W. W. Welsh,
scientific assistant, aided by C. M. Breder, at a temporaiy station on
Young's Pier, Atlantic City, N. J. Through the courtesy of Capt.

J. L. Yoimg, owner of the pier, a serviceable two-room building,

formerly used as a wireless telegraph office, was adapted for use as

a laboratory. A small hatchery, equipped with tidal box and Chester
jars, was set up and supplied with filtered salt water from the pier

aquarium. A great variety of material was obtained from the two
pound nets operated under the pier. Eggs of several species, ob-

tained from fish taken in these nets, were Ratched in Chester jars, and
the fry carried on as long as possible for study. Series of scale

samples for the determination of age and growth were also taken.

Among the species studied were northern and southern king whit-

ing {Menticirrhus saxatEis and M. am^ricamis) ^ squeteague {Cyno-
scion regalis), spot {Leiostomus xanthurus)^ croaker {Micropogo7i
undulafus), silver perch {BairdiclJa chrysura)^ menhaden {Bre-

voortia tyrcmnus)^ and puffer {Spheroides macuJahis)

.

Although the facilities generously furnished by Capt. Young could

hardly have been improved upon, the work was greatly handicapped
by the abnormally cold water which prevailed throughout the sum-
mer. Water temperatures ranged from 53 to 65° F. and averaged
about 57° F. This low temperature is believed to be the cause of the
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scarcity or entire absence of a number of si)ecies which it was hoped
could be obtained and studied.

The same investifxators completed during the year a valuable report

on the life histories of fishes of the family Scia^nidse of the Atlantic

and Gulf coasts. The family includes some of the most important
food fishes, the annual catch on these coasts approximatinjr $3,(X)(),000

in value. No less than 374 per cent of the fish landed at the municipal
fish wharf, Washino;ton, D. C, in 1919 were of this family; the prin-

cipal species wore the sciueteaf^ue, or weakfish, often erroneously called

sea trout, the hi<rhly esteemed kin<>- whiting, the red drum, or channel
bass, the croaker, spot, and silver ])erch.

How can we act intellifrently with reference to the exploitation of
such resources or determine wisely how to preserve them for all time
if we do not know the life histories of the fishes, when and Avhere they
breed, their migrations in summer and in winter, the rate of growth,
and the food they require? The present report not only brings to-

gether the fragmentary data hitherto available but adds materially
to existing knowledge by embodying the results of years of researches,

particularly those of the senior author, whose death unfortunately
preceded the final completion of the paper.
The report also serves the valuable purpose of making evident the

gaps in existing knowledge, revealing the need of additional observa-
tions, and showing plainly the directions which further studies should
follow. As similar work is done for other families of fishes we shall

come nearer to realizing the practical value of applying science to the
study of fishes.

INfr. Welsh also completed descriptions of seven new species of ma-
rine fishes (Malacopterygii) taken during the explorations of the
United States Coast and (leodetic Survey steamer >5«(?A(3, conducted in

1914 under the direction of the United States Bureau of Fisheries.
The fish were taken at various stations in the vicinities, respectively,
of Cape Hatteras, the Bermudas, and Bahama Islands. After Mr.
Welsh's death the descriptions were prepared for publication by
C. M. Breder. The report has been accepted for publication by the
United States National Museum.
Both assistants have been lost to the Bureau during the year, the

one by untimely death, the other by resignation.

FRESH-WATER FISHES.

WHITEFISHES OF THE GREAT LAKES.

There is scarcely a sadder feature of the history of American
fisheries than the progressive depletion of the important resources of
the Great Lakes, notably in respect to the whitefishes. We may
have overestimated the possibilities of exploitation, we may have
been shortsighted in the fishery policies we pursued, or we may not
have propagated them with proper energy or efficiency. But the
simple fact is that no one has had enough knowledge of the distribu-
tion, habits, and requirements of whitefishes to give proper advice.
The best intentions can not save a situation when founded upon igno-
rance. If the whitefish fisheries of the Great Lakes are to be pre-
served to the future or perhaps restored in part to their earlier rank,
we must study the fishes and ascertain the condition of their existence.
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Therefore, for several years the Bureau has had a skilled assistant

devote exclusive attention to the whitefishes and related species.

This investigation, pursued by Walter Koelz, scientific assistant, is

not all that is required, but it will surely provide a fund of informa-
tion for more intelligent guidance in future.

The investigation of the systematic relationships and habits of the
coregonines was conducted in the year 1920 on Lake Michigan.
Forms allied to those which the investigations of the previous 3^ear

disclosed in Lake Huron, and in addition two undescribed species, of
which at least one is now known to occur also in Huron, were ob-

tained. Diagnoses of the species have been prepared from over 2.000

preserved specimens. Data have been collected bearing on the dis-

tribution in the lake and on the spawning habits of the various forms.

To avoid dissemination of premature conclusions a report will not
be published until work is done upon other lakes.

These studies have been supplemented b}^ microscopic examination
of the scales and sj^stematic investigation of the food, conducted,
respectively, by John Van Oosten and Carl L. Hubbs, temporary in-

vestigators, under the direction of Prof. Jacob Reighard.
Mr. Van Oosten first determined that the scale characters of the

lake herring {Coregonus artedi) are so well defined as to permit the

determination from them of the age of individuals and the rate of
growth of the species. The variations in the scales of individuals

were found to be within specific limits. But scales from diiferent

parts of the body of an indi^ddual are so unlike that for comparison
of individuals or species it is necessary to use scales from the same
body region.

The scales of 10 specimens of each of the 10 Lake Huron forms
recognized by Koelz were next compared, and it was found that 8

of them (including the two races) are cliscriminable. Further study

will probably enable discrimination of the two other forms. It

appeared that in one of these forms {('orecjonus artedi) there are

probably two geographic races which differ in rate of growth, but
the matter needs further study.

Through the courtesy of Dr. C. H. Townsend, director of the New
York Aquarium, it was possible to secure specimens of whitefish

{Coregonus elupeaformis) hatched and reared at the aquarium and
therefore of known age (7 years). The 10 specimens studied show
that there is one annulus for each year of age. This, so far as known,
is the first demonstration of this fact and enables the determination

of the age of coregonine fish from scale characters to be undertaken
Avith confidence. Two individuals of the 7-year-old whitefish were
segregated at the New York Aquarium and kept living, while scales

were removed at intervals of a month. A study of these scales shows
that the annuli are formed in winter, fixes the time of formation, and
indicates temperature change as one of the factors. It is believed

that a continuation of these studies will add materially to our knowl-
edge of age and rate of growth of coregonine fishes, aid in their

systematic grouping, and lead to the discovery of local races in some
of the forms.
The food of the whitefish, lake herring, and allied species of Lake

Huron coregonines in the Koelz collection was investigated by a

volumetric method by Carl L. Hubbs, of the Museum of Zoology,
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University of Michi<;an. The deep-water forms, as the bhickfin

{LcucichiJiys n'u/rlpinnis)^ were found to feed almost exchisively

\\\)un the crustacean Mysis relieta^ probal)ly the only available food.

The deep-water race of the bloater {Leucichthys hoyi) feeds chiefly

on Mysis, while a J^O-fathom race eats for the most part another lake

crustacean, Fontopureia hoyi. The food of the shallow-water forms
is much more varied. The pilot or menominee {Prvjsopmni quadri-

latende) is strictly a bottom feeder, subsistin^^ on mollusks, insect

larvje, crayfishes, etc. The whitefish {Coreyonus elupeaformis) is

also a bottom feeder, but its food is, on the avera<>;e, not so coarse as

that of the pilot, consistin"; largely of insect larva% as those of the

mayflies Hexajjenia and Ephemera. The lake herring feeds in part
upon the same animals, in part upon the minute Crustacea of the

plankton. In reference to their available food supply the deep-
water forms are absolutely competitive (more so perhaps than any
other group of fishes), while the shallow-water forms are only in part
competitive. It is })robable. however, in view of the former greater

abundance of these fishes, that sufficient food exists in the lakes to

support a larger population of all the species of whitefishes.

FISITKS OF WISCONSIN LAKES.

The food and distribution of the fishes in certain Wisconsin lakes
have been studied by Dr. A. S. Pearse.* The results indicate that
in summer fishes are generally more abundant as conditions ap-
proach those in swamps and are fewest when the environment is

most like that in rivers. When food is present in quantity and when
other conditions are favorable, there are more fishes per unit area
in certain inland lakes than in the Mississippi Eiver or in Lake
Michigan. Lakes produce considerable food supplies within them-
selves, while rivers are more dependent on swamps, ponds, and other
tributaries. The factors of importance in limiting the distribution
of fishes are discussed (shores, turbidity, depth, bottom, height of
water, currents, etc.). An abundant supply of food and vegetation
permits many fishes to exist in a lake, but other favorable conditions
must be present in order that they may grow to large size.

A statistical study of tlie infection of fishes by parasites has been
made, the Mississippi and St. Lawrence drainage sj^stems being
compared, and various types of lakes studied. The results are now
being tabulated and will soon be ready for publication. A short
paper on the habits of the mud puppy, in which its relations to fishes
are discussed, has been published.^

In order to secure information on the rate of growth of cold-
blooded animals in natural conditions, attempts are being made to
recover the fishes and turtles tao;ged and released in Lake Mendota
during the summer of 1919. Some specimens have already been
secured.

Studies on the metabolism of fishes are being continued. In this
connection quantitative analyses are being made to show the water,
ash, nitrogen, and ether extractives of fishes at various stages of
growth.

* Pearse, A. S. : The Distribution and Food of the Fishes of Three Wisconsin Lakes in
Summer. University of Wisconsin Stndies in Science. No. 8, Tune, 1021. 60 p. Madison.

5 Pearse, A. S. : Habits of the Mnd-Pnppy Necturus, an Enomv of Food Fishes. Bureau
of Fisheries, Economic Circular No. 40, issued Mav Ifi. 1021, 8 p. Washington.
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THE PADDLEFISH.

The study of the natural history and artificial propagation of the
paddlefish in Bayou Pierre at Westdale, La., was continued by
Dr. A. D, Howard, scientific assistant, with the cooperation of the
Louisiana Conservation Commission. During March good catches
of egg-bearing females and sufficiently ripe males were obtained,
but no females were ripe enough to allow of fertilization of eggs.
Late in the month heavy rains flooded the Eed Eiver and Bayou
Pierre and j^revented the capture of fish in sufficient numbers to
continue the investigation.

There are few added data regarding the breeding grounds of the
fish and the time and manner of spawning. Some information of
minor importance was obtained regarding certain habits of the
species. Bottoms suspected of being the breeding grounds of the
paddlefish were dredged for the purpose of obtaining eggs, but
without success.

POISONOUS ACTION OF GAR EOE.

In a previous year experimental attempts to produce caviar of gar
roe were made by Prof. C. W. Greene, temporary investigator. Out
of this work it developed that the pigment in the gar roe is not a

melanin as in the sturgeon roe, but a form of pigment that changes
color under various chemical treatments of the roe. The pigment
color is changed to an orange red on boiling the gar eggs, on treat-

ment with alcohol or ether, and on salting. This changes the com-
mercial quality of the product and gives easy methods for detecting
the adulteration of sturgeon roe by gar roe.

The important observation, however, was the demonstration of an
active physiological principle of a toxic nature present in gar roe.

It is apparently this principle that gives the unpleasant acrid taste

to gar-roe caviar. When tested biologically by the method of feeding
the natural product the following points were made: (1) Gar roe is

poisonous to the chicken and to the rat
; (2) it paralyzes the neuro-

muscular mechanism of the chicken crop; (3) it produces in the rat

an intestinal irritation with active diarrhea.
During the summer of 1920 a series of experiments were made to

chemically separate and biologically test the unknown toxic sub-
stance. It was shown that (1) extracts in boiling water free from
coagulable protein and (2) similar alcoholic extracts contained an
active principle toxic to the heart of the frog; (3) globulin fractions
made by the method of salting out, centrifuging, and purif;\dng by
dialysis were sharply toxic to the heart : (4) the globulin fractions fed
to a young rat produced extreme diarrhea and death in about 20
hours, effects comparable to feeding the entire fresh ovary: (5) the
effect on the chicken's crop was positively toxic; (6) not only was the
crop paralyzed but an acute diarrhea occurred in the chicken through
some alimentary canal poisoning: (7) these effects also occurred after

feeding the purified globulin.

Attempts to isolate and identify the individual chemicals, of which
at least two classes are present, have thus far not been brought to a
successful issue. Further experiments are planned.
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FISHES OF THE PANAMA REGION.

The Bureau of Fisheries, late in 1910, entered into an anjreement

with the Smithsonian Institution and the Field Museum of Natural
History for a cooperative study of the fishes of the Panama Canal
Zone. The work was carried on under the auspices of the Smith-
sonian Biological Survey of the Panama Canal Zone. The field work
was done b}^ Dr. Seth E. Meek, of tlie Field Museum, and Samuel F.

Hildebrand, of the Bureau of Fisheries, durin<2^ two expeditions made
to the Canal Zone, from January to June, 1911, and January to

March, 1912, respectively. The study of the collections which Avere

sent to the National Museum was be<2:un durinoj the interval between
the two expeditions and continued after the second visit to Panama
by the collectors. After two small preliminary papers containing
descriptions of new species of fresh-water fishes had been written,

and a majority of the forms had been rou<?hly identified and sepa-

rated. Dr. Meek w\as obliged to withdraw from the work because of
an illness from Avhich he never recovered. The completion of the work
was then left to Mr. Hildebrand. As other duties were necessarily

assigned to Mr. Plildebrand from time to time, the completion of the
study of the collections was greatly delayed. The final report on the
fresh-water fislies, however, was completed and published in 1916, but
the study of the marine forms was not completed until the spring of
1921. In the last months of the work the author was assisted by
W. C. Schroeder.
The total number of species recorded from the coasts of Panama,

either taken by Messrs. Meek and Hildebrand, or previous collectors,

or both, is 640. The remainder of the species included in the paper
were discussed because their known range of distribution is such
that they may be expected on the coasts of the Isthmus. The fishes

on the Pacific coast run larger than those on the Atlantic and are
more numerous both as to species and individuals. Much jnore col-

lecting, however, has been done on the Pacific side than on the At-
lantic, which undoubtedh^ accounts in part for the large difference

in the number of species recorded. The total number of species listed

as common to both coasts of Panama is 72, but of these 48 are more
or less cosmopolitan in their distribution, that is, they are not con-
fined to American waters. A very large number of species consid-

ered distinct are, however, very closely related, differing only slightly

but in apparently constant characters.

It was pointed out in the report on the fresh-water species that the
fishes of the 0]:)posite slopes of Panama are very closely related, some
of them remaining identical. This close relationship indicates that
the fishes of the two slopes had not long been separated. Since the
opening of the Canal they, of course, can again freely intermingle
in those streams which are connected with the Canal. The close

])arallelism of the marine species of the opposite coasts is evidence
of a comparatively recent passageway from ocean to ocean, even for

salt-water forms. The genera of many families have representatives

on both coasts, and if they do not include identical species they at

least have very closely related forms on the opposite coasts. A few
families, how^ever, deviate from this general rule in having many
more representatives on one coast than on the other. The reasons
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for this may be found by consideration of the habits of the species

of those families which do not conform to the usual rule. The
Siluriclse (includinfj the catfishes), for example, are very much more
numerous on the Pacific coast than on the Atlantic. The Scaridse

(including the parrot fishes and viejas), on the other hand, are much
more numerous on the Atlantic than on the Pacific. It is well known
that most catfishes frequent water with soft or muddy bottom. The
Pacific coast of Panama has many large mud flats partly or wholly

exposed at low tide but flooded during high water. The Scaridse

prefer rocky bottom, and especially coral reefs, which are large and
extensive on the Atlantic side. These conditions undoubtedly pre-

vailed, in part at least, before the last passageway between the two
oceans was closed, and it is probable that these families had already

sought out regions best suited to their particular needs.

The commercial fisheries of Panama are still largely undeveloped.

The possibilities for profitable fisheries appear to be especially good
on the Pacific coast, but apparently less promising on the Atlantic

side of the Isthmus. The people of the Isthmus are less wasteful of

fishes than the people of the United States, as nearly all species of

fish taken, including sharks and skates, are utilized as food.

PACIFIC HERRING.

During the year the Bureau issued a memorandum dealing with

the distribution, migrations, sizes, and spawning times and places of

the Pacific herring in southeast Alaska and British Columbia, based

upon the observations of D. R. Crawford, scientific assistant.^

There are apparently two races of herring {Clupea pallasii), one

of which resides in the bays and inner waterways along the coast

from Puget Sound northward to British Columbia and southeast

Alaska. The other, which is composed of larger individuals, passes

along thsbouter coasts where it is taken off Vancouver Island in June,

July, and August.
The smaller race of herring is found to be sexually mature in the

summer, but no milt or roe is found during the winter. Sexually

mature individuals vary in size from 6 to 10 inches. The probable

spawning time is late summer or early fall. The larger race of her-

ring reaches sexual maturity in the fall and winter, the individuals

varying in size from 9 to 12 inches or longer. The probable spawn-

ing time is winter or early spring.

USE OF FISH IN COMBATING MALARIA.

COOPERATION IN ANTIMALARIA CAMPAIGN.

Investigations of fishes in relation to mosquito control were con-

ducted during the mosquito-breeding season of 1920 by Samuel F.

Hilclebrand, scientific assistant, working in cooperation with the

United States Public Health Service. In the spring and early part

of the summer Mr. Hildebrand inspected various localities in 12

Southern States where malaria-control work was to be undertaken.

Suggestions ^vere offered concerning the employment of fish for the

control of the mosquito, and the waters suitable for fish control were

pointed out to the officers in charge. The result of these inspections
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was that the top minnow. Gamhufiin affinis, was very Avidcly employ^'*!

as an ajrent in tlie control of niahiria. A report of obserxations made
by ^Ir. Ilildobi'and during tliis campaijrn has been i)ublished by the
l^iblic Ileahli Service.**

The hitter part of the season was devoted to i n vest i<_Mt ions at Sa-
vannali, (Ja., Avhere a sjiecial elfort was made to determine the rehitive
vahic as eradicators of m()S(iiiito larva? of two other American vivipa-
rous species of fishes, Ileteramlna fonnosa and MoUienhid latipinna^

both of which are abundant at Savannah. It was demonstrated that
Heterandrla formosa is of real value and is well worth careful con-
sideration wherever it occurs. MoUienisia latipinna^ on the other
hand, appeared to be practically worthless.

The antimalaria campaigns in the various States were brought to

a close early in November, in which month the annual meeting of the
National Malaria Committee and the conference of sanitary engi-

neers engaged in antimalaria work took place in LouisviUe, Ky.,.

where the outcome of the past season's campaign was reported and
discussed. The subject of mosquito control by the use of top min-
nows received extended discussion, and the fact was brought out that
nearly every sanitary engineer had made use of (ramhusia affinis as

an agent in malaria control with excellent results. The saving of
large sums of money Avas reported, because fish control replaced other
methods at much less expense.

Similar advisory work was done by Mr. Hildebrancl in the spring
of 1921 before establishing headquarters at Augusta, Ga., for further
investigations to determine more fully the conditions of eifectiveness

in the employment of fish for destruction of disease-bearing mos-
quitoes.

CONDITIONS GOVERNING AHFNDANCE OF :MOSQriT()-DESTROYTNG FISH.

R. L. Barnc}' and Barry Anson have continued the organization
and summarizing of data collected at Mound. La., where investiga-

tions of the use of fish for control of mosquito breeding were pre-

viously conducted in cooperation with the Bureau of Entomology.
Reports^ printed outside the Bureau's publications demonstrate

the varying seasonal frequency of Gambusia. the mosquito-eating
fish.; the seasonal variation in the proportions of the sexes and its

bearing on the abundance of the species in nature: the effect of en-

vironment on the abundance of the species: and the relation of plants

of varying habits of growth to oxygen supply and to the capacity of
small ponds to support the top-minnow Gambusia. Further obser-
vations have been made on the seasonal abundance of Gambusia, es-

pecially in relation to the fecundity of the species. Appropriate con-
sideiation has been given certain points concerning the anatomy of

the female reproductive organs of this fish.

" Hlldebrand, Samuel F. : Top Minnows in Relation to Malaria Control. With Notes on
Their Habits and Distrihution. Treasury Department, Public Health Bulletin No. 114,
May. lOiil, .S4 p. Wasbinston.

" Barnpy, R. L., and Anson. B. .1. : Relation of Certain Aquatic Plants to Oxygen Supply
and to Capacity of Small I'onds to Support the Top-minnow (Oambttsia affinis). Trans-
actions, American Fisheries Society. 19ii0, pp. 268-278.

. Abundance of thr Mosquito Destroying Top-minnow Oamhiinia afflni^.
Especially in Relation to Male Frequency. Ecology, Vol. II, No. 1, January, 1921, pp.
53-69.
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The study of the natural history and ecology of the pigmy sunfish,

Elassoma zonatwm^ has been concluded and given publication.- It

appears that this fish, under certain conditions, may have some value
in eradicating immature mosquitoes.

'

MOSQUITO CONTROL IX NORTHERX WATERS.

While in northern States mosquitoes have a less acute relation

to public health than in regions where malaria is prevalent, they
nevertheless constitute there a distinct menace to health and efficiency,

besides being effective in causing a material reduction of property
values, especially in regions which are normally resorted to for pur-
poses of recreation and recuperation of vigor. During the year Prof.
J. P. Moore, temporary investigator, has completed a report upon his

observations of the use of fish and other aquatic animals for the con-
trol of mosquito breeding in northeastern States. His conclusions
and suggestions may be summarized.

Altliough no fish to which mosquitoes are more than an incidental

item of the diet has been foimd in the fresh waters of the northeastern
States, nevertheless several species of small fishes and the young of
some large ones native to these waters eat mosquito larvae, piq)a3, and
eggs more or less habitually. The most important of these mosquito
repressors are the common sunfish, the mud minnow, and the common
killifish.

Fishes are found to be far more detrimental to culicine than to

anophelene mosquitoes. Wliile in the aggregate they destroy vast

numl)ers of eggs, larvae, and pupse, and (along with other enemies)
probably prevent mosquitoes from becoming everywhere an intoler-

able nuisance, the destruction is never complete. Some breeding of
mosquitoes continues in nearly all bodies of fresh water even when
well stocked with mosquito-eating fishes. This imperfect suppression
arises through conditions limiting the efficacy of the fishes, most im-
portant of which are (1) the barriers that almost all natural bodies
of water afford and which prevent t'he fishes from finding the young
mosquitoes, and (2) the abundance of other food for the fishes. Most
native mosquito-eating fishes will not thrive in water contaminated
by excess of decaying vegetation or otherwise.

The most prevalent of the barriers is the shallow water and mar-
ginal vegetation. In ponds formed by dams provided with head
gates a simple, effective, and economical method of controlling and
reducing marginal vegetation is by lowering and raising the water
level periodically, thus alternately drying and drowning the plants.

In ponds and lakes of fixed level mechanical means of clearing the

margins must be emj^loyed.

The most practical method of keeping the per capita food supply
low is by overstocking with a variety of small fishes. Reduction of

the vegetation also diminishes the supply of fish food.

The common simfish {Eupovioth glhhosiis) is the most useful

species for ponds and lakes generally. With it may be associated

the long-eared sunfish {Lepomis auritus), roach {Ahrainis chrysoleu-

cus), some of the smaller minnows, black bass, etc. If there is much

* Barney, R. L., and Anson. B. .7.: Liff' History and Ecology of the Pigmy Sunfish
(Elat:soina zonatum). Ecology, Vol. I, No. 4, October, 1920, pp. 241-256.
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aquatic vefjetation the blue-spotted sunfisli will prove a valuable
addition, and it' very shallow oi' swampy areas occur, the mud min-
now. The common killitish is very effective in fresh and brackish

tidal n^arshes, and the translucent killitish is useful in upland creeks

;ind dams. Kapid multiplication of small lishes should l)e encoura<red

by j)rovidin<; suitable nestiufj sites and protection for the fry.

(Jambusia, the favored top minnow of southern waters, has not
survived the northern winters but multiplies so rapidly that it may
be used efl'ectively ajrainst both Culex and Anopheles in small ponds
and water oardens by i)lantinir a small nu.mber each sprin<r. Small
•roldfishes are useful in fountain basins and small ponds with clean
sides, and, for use in rain barrels and tanks, are i)refei-able to Gam-
busia.

FISH-CULTURAL EXPERIMENT WORK.

EXPERIMENTS IN rRol'ACJATlNc; AND KEAKlNCi FISH IN TONDS.

The Fairport station has continued its valuable ex[)erimental work
in reference to the propa<2:ati<)n and rearing of Kshes in ponds. Cer-
tain observations were made on the value of fertilizing ponds with
chemicals and manure, but data obtained to date are inconclusive.

Further study will be directed toAvard this problem.
The small pond, which for several years has been handled as a fanii

pond with minimum care and exj)ense. has yielded valuable informa-
tion. Originally it was stocked with bluegill sunfish. Occasionally,

when necessary, the pond has been Avintered out. There has been no
manipulation of the pond in any respect other than the cimtrol of the
numl)er of bluegills of various ages in it. During the past year the
actual production of fish meat in the ponds has been 333 pounds per
acre. Of this, hoAveA'er, fishes of edible size represented about 33 per
cent of the total fish-meat production. In this connection it may be
well to note that the average annual production of beef per acre on
untilled meadowland is said to be 125 pounds: that for hogs is 225
l>ounds. ^_^

Buffalofish, Ict'whus cijininelhu artificially reared in the station

ponds, reached maturity and ]:)roduced young for the first time at the
age of 4 years. They averaged 13.6 inches in length and approxi-
mately 2 pounds in weight. The small-mouth butfalofish, lctl(>}>uii

IniJxduH^ Avhich in previous years had failed to spaAvn in the experi-
mental ponds unless an artificial rise in the level of the pond was
produced, spawned this year in a pond in which the rise did not
occur. While the production of fry of this species does not ai)pear
to be as numerous as for those fish held in the pond Avith artificial

rise, the occurrence indicates that the rise is not entirely necessary,
though it may be advantageous.
The channel catfish. Ictaluriis puncfatus^ for which this station

shoAved the feasibility of pond culture, has continued to spaAvn in the
exi)erimental ponds. Certain 4-year-old offspring of Avild stock came
to sexual maturity during the year and produced the first l^rood of
truly domestic fish. The adaptability of this species to pond culture
is suggested by the fact that the catfish has spaAvned in certain of the
smallest ponds on the reservation, one of Avhich has a Avater-surface
area. Avhen completeh' full, of only 3,485 square feet (less than one-
twelfth of an acre).
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WATER BEETLES IN RELATION TO POND CULTURE.

The home fishpond is a subject of continued interest among farm-

ers and others who value the additional table food made available

or the means of recreation provided. There must be a great deal in

a pond besides fish ; otherwise the fish would starve. There must be

small animals which serve as food to fish and still smaller animals

and plants which serve as food for them. Some things in a pond are

desirable, others objectionable in varying degree. The fishpond is,

indeed, not a simple thing, but a very elaborate complex, the scien-

tific unraveling of which is necessary before the best plans of pond
management can be known. The unraveling of the complex can be

accomplished eventually only by tracing particular threads, that is,

by centering attention at one time upon a particular group or species

of the inhabitants of the water. An instance of such special studies

carried through to a point where helpful practical conclusions are

derived is afforded by the investigation of water beetles conducted at

the Fairport station.

Dr. C. B. Wilson has made a comprehensive study of the role beetles

play in pondfish culture. He has found that larvse and adults of

the three beetle genera, Hydrophilus. Dytiscus, and Cybister, destroy

small fish under normal conditions. The larva; of Dineutes are

known to have killed and eaten fish fry under certain abnormal con-

ditions. The larvae of three other genera (Acilius, Graphoderes, and
Hydrocharis) are suspected of being capable of committing similar

depredation.

On the other hand, both beetle larvae and adults are eaten freely

by the young of nearly all our common food and game fishes after

the latter attain a length of 25 to 40 millimeters. This is just as true

of the seven genera mentioned above as of the others that are

harmless.
Practically speaking, only the young fish of the j^ear are menaced

by beetles. Fish a year or more old are large enough to feed on the

beetles and are almost never attacked by the latter. Consequently

beetles are really harmful only in breeding ponds, and even in those

places, as everywhere else, they contribute materially to the available

food supply for the fish.

Adult beetles migrate and travel so constantly that every fishpond

is sure to be stocked with them as soon as it is completed, and yet

the beetles of two ponds side by side are likely to differ radically in

numbers and variety. If they occasion trouble in one pond, the

temporary removal of the fish to another pond will usually prove an
effectual remedy. Beetles may also be kept in check by abruptly

raising and lowering the water in the pond at intervals of a week
or 10 days during their breeding season in July and August.

STUDIES OF SALIMONID.U IN RELATION TO FISH CULTURE.

In a previous report reference in detail was made to the investi-

gations by Dr. W. C. Kendall of rainbow and steelhead trout and
. of some hitherto unrecognized anatomical characters of trout which
seemed to have a direct bearing upon fish-cultural practices. It is

worthy of note that the results of the latter investigation were deemed
of such value by independent persons that the report upon them was
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awariled a prize by the American Fisheries Society as the most
imi)ortaiit contribution in the application of b";oh3<^ical science to the
advancement of fish culture. A series of practical experiments based
upon these results was conducted during the winter at one of the
iisli-cultural stations of the Bureau. Just before the close of the
year they were transferred to another station wh'^re more adecjuate
facilities were available, and it is })lanned to continue them during
the coming fiscal year tiuit defiuiJe results may be obtained.

i\IINX()WS IX ItKL.VTIOX TO FISH CULTURE.

The smaller members of the minnow famil}' are imi)ortant to fish

culture since they represent a i)rimary source of food for more than
20 of the larger food and game fishes. The success of the introduc-
tion of game fish into streams or ponds necessarily depends to no
small extent upon the suitability of the stream or pond for the sup-
port of minnows. Hence the budget of knowledge requisite for
efficient fish culture includes information regarding the food and
other requirements of minnows. Therefore, while the study of min-
nows by C. M. Brcder and D. R. Crawford, scientific assistants, was
conducted almost entirely outside of office hours and represents a by-
product as it were, the results gained are of practical value.
They studied six common species in the vicinity of the District of

Columbia ; chub minnow. Semotilus hull(ins; red-bellied dace, Leucis-
eus vandorsalis; N^otropis prooie; shiner or red fin, Notropis cor-
nutus; black-nosed dace, Rhinichthys atranasus; cutlip, Exoglossum
'niaocilUngua. All were found to be predominantly carnivorous, in-

sects forming the bulk of the food taken, although two species,
Notropis procHc and Ftvoglossum maTiWviuiua^ consumed much vege-
table matter. Various worms, filamentous alga^, and diatoms entered
into the food in consideral)le (juantities. These minnows are, there-
fore, in direct competition with the young of important game fish

and may even prey upon the fry of them. It is suggested, therefore,
that if minnows are introduced into ponds as food for game fish,

discretion should be exercised regarding the use of larger and more
rapidly growing minnows, such as the chub minnow and red fin, which
may outstrip young trout in growth and under some circumstances
become a menace rather than a benefit.

In all cases the suitability of the introduction depends both upon
the species of minnow and upon the species of fish wliich is to be
fostered, as. well as upon other conditions i)reyailing in the water and
upon the degree to which the various factors are under the control
of the fish culturist. Minnows seem to thrive best in streams or
ponds where the banks bear overhanging vegetation that supports
an abundance of insect life. "Where this condition prevails there is

prol)ably less likelihood that the minnows will prey upon tlie eggs
or young of other fishes.

A NEW FOR:iI or I'OND OUTLET.

Practical success in fish culture depends in no little measure upon
economy in construction and operation of the pond and upon the
convenience with which it can be drained for removal of brood stock
or 3^oung, elimination of enemies, cleaning the bottom, or removing
obnoxious plants. The concrete-box outlets commonly used are not
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only expensive, but they are also frequently a subsequent source of
annoyance, expense, and loss of fish, when damaged as the result of
freezing and thawing. It is worthy of special comment, therefore,

that H. L. Canfield, superintendent of fish culture at the Fisheries
biological station, Fairport, Iowa, has devised a type of pond outlet
which has been found, after long trial, to be both relatively inex-
pensive of installation and convenient and enduring in operation.
The Canfield L outlet, here described and illustrated, provides both
for all ordinaiy overflow and for draining the pond as easily and
quickly as with the concrete outlet.

The outlet consists of two pieces of threaded pipe of required length screwed
hand-tight into an elbow. AMien connected for service one pipe is joine'd to the
dranage line, and the other, the elbow acting as a hinge, becomes a movable
standpipe, the raising and lowering of which controls the depth of the water
in the pond. A pipe stop about 2 feet high is arranged back of the elbow to stay
the standpipe from passing the center.
Two or three cement blocks about 2 l).v 2 by 2 feet ore set about the drainage

line to anchor it and to give protection to the embankment against animals
and water seepage leading into it along the line. These blocks serve also as
couplings for the joining of the pipe to the drainage line and for other con-
nections in the line as desired. When a kettle is used one block joins a side
of it, anchoring the pipe connection with the drainage line and serving as a
base for a walk support. A second block is placed about the (h-ainage line
approximately beneath the top and inside edge of tlie embankment. This is
usually a drainage line connection block. If the drainage line passes entirely
through the embankment a third block should be placed around it several feet
into the embankment from the outside.
The outlet screen consists of a half coupling (whole coupling if desired) with

a quarter-inch groove around it 2 inches below its top, to which is attached,
by means of galvanized wire, a covered cylindrical screen of desired mesh, 1
foot high. Tills is screwed to the outlet pipe. A cylindrical or square screen
of large proportion may be installed about the standpipe if maximum screen
area is needed, although for general use this will not be required.
A cement kettle 12 by 6 by 1 feet set parallel to the embankment, and within

this kettle a small kettle about 15 inches wide, 3 inclies deep, and about 7
feet long (long enough and wide enough to admit the standpipe with screen,
when down level) are used at Fairport with the L outlet. The drainpipe
enters the side of the main kettle about 6 inches from the elbow and 1 foot
from the end. The bottom of the inner kettle is made level Avith the base
of the outlet pipe when it is down level in position to drain, and provision is

made for the removal of the elbow by cupping out the cement Ijeneath it and
filling the space with clay, to prevent the trapping of fish when the pond is

drained. The main kettle has a slight rise from the inner kettle to the sides
to provide drainage.
A walk of 2-inch plank supported by 2 by 4 inch stringers is made to extend

from the embankment to within a foot of the outlet screen, the stringers
resting about 6 inches above the top of the outlet pipe when ei-ect. This walk
rests on two pipe supports which extend from the cement blocks 'in the drain-
age line.

The standpipe is chained to the sides of the outer walk support by a piece
of galvanized pump chain the length of the distance the pipe travels. This
chain passes through a loop eye in the post and is provided with a ring larger
than the eye, so that the end of the chain can not be drawn througli. By means
of this chain the standpipe may be raised and lowered and the level of the
water in the ponds adjusted and held as desired. An ordinary lock, or an iron
bolt may be used to secure the chain in the loop.

IMalleable iron pipe is excellent material for the outlet, but ordinary black
steel pipe is cheaper and gives good service. One piece of pipe of required
length for the standpipe, thivaded both ends, an elbow, and about 2 to 2*
feet of pipe threaded one end, to serve as connecting pipe with the drainage
line, are all the materials required for the outlet. It is reconnnended, how-
ever, that metal pipe be provided from the elbow well into the embankment
for the better protection of the drainage line, l^light-inch pipe is recommended
for ponds of 1 acre in area and proportionately smaller pipe for smaller ponds.
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Fig. 1.—The Canfield pond oirtlet, side view.

Fig. 2.—The Canfield pond outlet, end view.
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It is well to paint the pipes with waterproof paint, and a mixture of graphite
and oil is recommended for use in the elbow nnd conplins threads. Pipe
threads should penetrate elbow 1 inch, hand screwed. When the drainage line
is to be of terra cotta its joints should be sealed with cement throughout the
line rather than laid partly open, as is sometimes done.
The elbow and two pieces of threaded pipe comprising the outlet proper and

modihcatlons as to size and detail of tlie L outlet and appurtenances may
be made to suit requirements and material available. If it is necessary to
reduce expense, the kettles may be reduced or omitted entirel.V. but the installa-

tion of a kettle, even though of small size, is recommended liecause of its use-
fulness when drawing the pond and sorting the tish. The cement blocks, the
chief use of wlm.-h is to protect the outlet drainage line against water working
an opening about it, and which also prevents animals such as crayttsli and
muskrats following it through the embankment, must not be omitted because
without the blocks to protect and stay the drainage line leakage is certain to
occur. The depth of these blocks should not be reduced, but in unfavorable
soil may be increased to advantage.

All sui'faces over which embankments are to be laid should be plowed before
the fill is commenced, so that the eartli will bind satisfactorily, and all foreign
matter such as brush, rock, etc.. should be excluded from the fill dirt.

Tile outlet is i)laced at the drain point and stayed as described, after which
the fill is laid over it, the outlet being ready for service as soon as the fill is

started. Pipe 4 to 6 inches in diameter is sufficiently large for ponds of less

than 1 acre in area. It is always better to have the outlet pipe too large
rather than too small.
Many of the spillways and outlets in general use give more or less trouble

through leakage, and those of cement construction often freeze and crack, or
settle and crack, causing serious trouble and considerable expense. Many of
the outlets in use are built into the emltankment, thereby weakening and sub-
jecting the embankment to the danger of washouts. Loss of fishes often ailses
from screens below the water surface becoming damaged, and many outlets,
when the pond is being drawn, have too much suction for the good of the little

fish. These and other troubles have been eliminated in the L outlet, some
favorable features of which are enumerated below

:

The action of the outlet is quick and easy.

Leakage and freezing difficulties have been overcome.
The outlet operating from the surface provides minimum suction, which

works to tlie benefit of small fish.

The screen is visible, therefore safe, and easily cleaned.
The outlet does not weaken the pond embankment.
Thfe outlet may be assembled, installed, and maintained at low cost, and

is so simple of construction that any " handy man " can build and install it.

ERADICATION OF SOME OBJECTIONABLE PLANTS.

The rank growth of cat-tails in ponds and lakes, particularly at

fish-cultural stations, has often become a serious nuisance, causing a

substantial reduction in the effective area of the pontl. Hitherto
there has been no inexpensive or practicable method of combating
them, since removal by cutting alone is quite ineffectual. Superin-
tendent Canfield has devised and demonstrated the efficacy of a

method of elimination of these plants, based upon the necessity of

areation through contact of the plant or its landward roots wath
the air.

The water level in the pond is lowered below the limit of growth
of the cat-tails, which should then be mowed as low as practicable.

With spade or plow a ditch is made below the normal Avater line and
between the cat-tails and the shore. The ditch must be sufficiently

deep to sever the roots that connect the plants in the pond with the

shore or with any plants that are allowed to remain above the ditch.

In this way the air supply from the land roots is completely cut

off. The pond should then be immediately flooded and the Avater
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level continuously maintained above the stubble for a week or 10

days, Avlien the cat-tails will have been killed out. It is essential to

flood the stubble innnedia(ely after mowin<ij in order to fjct ahead ol'

the rapid fj^rowth of the cat-tails. If in conseciuence of stored oxygen
in the severed roots a few weakling shoots should appear above the

water surface, they should be pulled out; when this is done a few
times the plants will not reappear.

STUDIES OF FISH DISEASE.

The position of fish pathologist in the Bureau was vacant during

the last half x)i the fiscal year, the last incumbent having left the

service at the end of December after a year's service. Some studies

of diseases and parasites were also conducted by other investigators

principally in temporary employ.

MORTALITY IN PIKE-PERCH EGGS.

The great losses in the hatching of pike-perch eggs have made this

phase of fish culture a ground of repeated inquiry, although as yet

no investigation has been carried to a conclusion revealing the exact

causes of the high death rate. Further observations during the past

fiscal year were made by Dr. Franz Schrader, who inquired into the

practices of handling fish and eggs and investigated the actual

changes taking place wnthin the abnormally developing eggs. His
observations point to the conclusion that the original cause of ab-

normal development and mortality of eggs is to be sought in physio-

logical injuries sustained by the parent fish while held in captivity

before spawn can be taken. The penning of fishes prior to spawning
is a practice of long standing in the artificial propagation of pike

perch and other species of fish. Some species withstand the confine-

ment xerj w^ell, while others manifest such ill-effects as hardening
of ovaries, wateriness of milt, and low percentage of hatched fry

—

in short, degeneration of eggs and sperms. The general inference of

the investigator finds some confirmation in the investigations re-

ported in the next paragraph and also in the experiences of several

superintendents who have observed that the mortality of pike-perch

eggs is proportional to the length of time the fish have been retained

in pens, and conversely, that the percentage of hatch is greater in

the case of eggs from fish stripi)ed as taken from the nets than in the

case of eggs taken from fish that have been held in pens.

ABNORMAL CONDITIONS OF FISH OVARIES.

Dr. Schrader also conducted inquiries into ovarial conditions in

fishes with the purpose of throwing light upon various difficulties

arising in hatcheries, including the loss of spawning fishes, ovarian

diseases, and failure of fertilized eggs to hatch, troubles which
possibly have some relation to abnormal conditions of confinement,

handling, or stripping. Observations were made upon developing

immature eggs of the scup, the retention of eggs beyond the normal
period of spawning, the reabsorption of retained eggs, and the

hardening of ovaries. Abnormally retained eggs show signs of

degeneration in course of one or two weeks. Keabsorption takes
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place through invading cells, but is not always successfully accom-
plished; it apparently makes a demand upon the body of the fish,

which, if excessive, may lead to death.

DISEASE or RESCUED FISH.

Dr. H. S. Davis, temporary investigator at the Fairport biological

station, has found that a high mortality may occur among rescued
fishes immediately after the handling incident to rescue operations.

This heavy death rate is especially characteristic of the crappies,

buffalofish, and bluegills, when taken in warm weather, the fij'st-

named species being the weakest. Wliile the mortality may be
founded in part upon " shock " sustained during the seining and
handling operations, it is due more directly to bacterial infection
following slight injuries and gaining headway from the weakened
condition of the fish. Immersion for one minute in a solution of
copper sulphate in 1 to 1,000 dilution reduces the loss among rescued
fishes to a minimum.
In certain experiments 75 to 100 per cent of the crappies rescued

from inland sloughs and untreated were lost through death. Under
similar conditions, except for a one-minute treatment with 1/1,000
copper-sulphate solution after the fish were allowed to remain a

short time in fresh clean water, this experimental loss was reduced
to 30 or 40 per cent. The necessity and practicability of the treat-

ment depend upon the conditions attending work in particular fields

and at particular times. It is believed that frequent tests should be
made in connection with rescue operations and the prophylactic
measures taken wherever a substantial mortality rate is to be ex-

pected. Dipping in a simple disinfectant can not be very expensive
and will be worth while if it will increase appreciably the percent-

age of survivors.

Dr. Davis's experiments not only point out the possibilities of loss

and the means of prevention, but they also emphasize the necessity

for great care in handling rescued fish. Kough methods, including
the throwing of fishes into receptacles and the abrasion of the fishes'

bodies by seines, hands, or debris are the main causes of a high
death rate.

PARASITIC FLATWORMS OF FRESH-WATER FISHES.

The parasitic flatworms which infest the body surface and gills of

fishes (ectoparasites) may be more of a nuisance to fish culture in

ponds, tanks, or aquaria than those which live within the body of the

fish. The endoparasites generally can not complete the life cycle

without passing different stages in two or more hosts, which are

likely to be animals of widely different gi'oups. Therefore, as re-

gards these parasites, fish can not directly infect fish. With external

parasites it is otherwise; there being no alternation of hosts, infec-

tion may proceed from fish to fish and thus multiply in such abun-
dance as to cause extreme weakness or death of the fish. Such a

parasite is Gyrodactylu^ fairporti^ a new species described by Dr.
H. J. Van Cleave from bullhead and carp of certain ponds at the
Fairport (Iowa) station. These flatworms are very small, usually
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less than half a millimeter in length, and so translucent that one
may easily overlook tliom.

Some bullheads removed from a (juarry ])ond near the Mississippi
River died within 24 hours after bein*; ])laced in an aquarium of
runninji" water. The early death of these usually most hardy fisji

could be explained only on the suj^position that their vitality had
been <rreatly diminished by the small and abundant trematodes
((Tyrodactybis) scattered over the entire surface of the body. Pos-
sibly many fish in the river are unfavorably affected by these worms.
Dr Van Cleave found a species of another genus of parasitic flat-

worms upon the <jills of sunfish, black bass, and channel catfish, but
it is believed that worms of this genus (Ancyr()cei)halus) do not
cause dangerous infestations.

Very little study has been devoted to the ectoparasitic flatworms
on this continent, and ])reviously but four species have been reported
from fresh-water fishes. Much attention has been given them in

connection with fish culture in Europe. Treatments which European
writers have recommended are: (1) A one-fourth of 1 per cent solu-

tion of salicylic acid, in which the fish remains half an hour (Hiibner)
;

and (2) a solution of 1 part of potassium ))ermanganate to 100,000

parts of water. The treatments may require modification for our
species of fish and of parasites.

Dr. Van Cleave has also described a new genus of trematodes based
upon specimens taken from the white bass. Hoecus chrysops^ collected

in Iowa, Illinois, and Minnesota. The parasites w^ere found only in

the digestive tract and at present are ascribed no economic signifi-

cance. The parasites are not found in Morone inten'upta^ although
that species is a close relative of the wdiite bass. He finds, indeed,

that the trematode parasites of the yellow bass are entirely distinct

from those of the white bass, although the two related species display

marked similarity in range, local preference, feeding habits, and
food.

TREATMENT OF ICHTHYOPHTHIRnJS DISEASE.

One of the most troublesome external parasitic affections of fresh-

water fishes in aquaria and ponds is due to a microscopic protozoan
(Ichthyophthirius), which becomes embedded in the skin and sets

up a violent irritation. H. L. Canfield, superintendent of fish culture

at the Fairport station, who has conducted experiments in the treat-

ment of channel catfish heavily infected wdth the protozoan parasite,

reports that commercial carbonate of soda in the form of sal soda
(washing soda) is effective in alleviating the trouble.

Using a receptacle other than metal to hold the solution, 150 g. of
sal soda are placed in 4,000 c. c. of water, in which solution the affected

fish are dipped. The diseased fish are held in troughs of lively run-
ning water, which aids in the treatment and facilitates handling.
Before each treatment the fish are forced to the lower half of the
trough, where they are separated from the upper half by means of a

cross screen. The diseased fish are caught in a hand net, immersed in

the solution until they show signs of discomfort (darting about), and
then placed in the fresh water at the upper end of the trough. This
process is continued until a material reduction in parasites is noticed
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(usually about six days), after which the treatment is given once a
day for about 10 days, which is usually sufficient to rid the fish of the
parasites.

The effect of the sal-soda solution is to cause the parasites to shrink
ajid wrinkle as thej die. It is apparent that the solution kills

the free swimmers, the young just attached to the fish, and all but the
larger and more thoroughly embedded parasites. These last leave the
fish in the natural process of de^'elopment, and their offspring are

killed with others after they attack the fish and before they attain

their maturity. Thus in time the parasites are entirely exterminated.
The channel catfish were fed, as usual, ground liver three times a

day while the treatment was in progress, and the usual care was given
the fish and troughs as to cleanliness.

OCEANOGRAPHIC AND LIMNOLOGICAL STUDIES.

INVESTIGATIONS IN THE ATLANTIC.

Because of deficiency in funds and personnel the Aloatross has not
been at sea during the year.

Some brief cruises to complete the field work of the hydrographic
and biological survey of the Gulf of Maine were made by the small

Fisheries steamer Halcyon under the direction of Dr. H. B. Bigelow.
The preparation of the report upon all the data gathered at different

times during a period of years is now in progress, although its com-
pletion has been delayed by the death of William W. Welsh, who was
giving special attention to the portion of the report dealing with the

occurrence, distribution, and life histories of the fishes.

By joint action of the Governments of the United States, Canada,
and Newfoundland there has been formed during the year an Interna-

tional Committee on Marine Fishery Investigations, with the object

of bringing about a better correlation of the activities of the several

Governments in fishery investigations m which two or more of the
countries are directly interested. Knowledge of the cod and the con-

ditions of its perpetual conservation, for example, possesses the same
interest to Canada and Newfoundland as to the United States. No
formal cooperative effort is contemplated, but it is believed that

progress will be attained more rapidly and economically by regular
interchange of data and counsel than by entirely detached endeavor
on the part of each nation. The members of the committee are as

follows: For Canada, Mr. William A, Found, Assistant Deputy
Minister of Fisheries; Dr. A. G. Huntsman, member of the Biological

Board of Canada, and Mr. Loring C. Christie, legal adviser, Depart-
ment of External Affairs, OttaAva ; for Newfoundland, Mr. D. James
Davies. chemist to the Newfoundland Government ; for the United
States, Dr. H. F. Moore, Deputy Commissioner of Fisheries, Dr. E. E.
Coker, assistant in charge, scientific inquiry. Bureau of Fisheries, and
Dr. H. B. Bigelow, consulting oceanographer. Bureau of Fisheries.

The first meeting of the committee was held in Montreal, June 23,

1920, when, after full discussion, agreement was reached as to corre-

lation and interchange of statistical data with regard to particular

fishes, uniformity in methods of plankton stiid}^, and concentration

of attention upon certain species.
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SUKVKY OF CHESAPEAKE I'.AY.

The biological and hydrographic survey of Chesapeake Bay has

been continued bv Df. R. P. Cov.'les, tenii)()riirv investigator, during
the [)ast year, and a large series of data on salinity, teni|)erature, cur-

rent velocity, and current direction has been accumulated, together

"with qualitative and quantitative collections of plankton, bottom
sanqdes, and many specimens of the larger animals and plants. The
observations made and sanq)les collected have not been confined

merely to the surface nor to the bottom but have been obtained at

definite depths, equal intervals apart, from the surface to the bottom.
Probably the most valuabk^ characteristic of the work is the fact that

the observations have been made about every sixth week during the

year at fixed stations arranged in lines across the bay, these lines be-

ing so placed as to adequately cover the bay from the region of Bal-

timore to tlie Capes. The Fisheries steamer Fish Hawk has been
employed in the work on the ba3^
During the 3'ear preliminary work has been undertaken to deter-

mine the hydrogen ion concentration of the sea water by colorimetry.

This method has now been perfected, and the tests made on the so-

called 2-t-hour stations, where observations are taken every 1^ hours
at definite intervals from the surface to the bottom for a period of

24 hours, have shown some very interesting conditions.

The coming year will be devoted to working over the data and
material, with possibly an occasional cruise on the ba}^ to collect in-

formation that may be lacking. The general purpose of the inves-

tigation is to gather and record the data that are necessary for the

interpretaticm of the seasonal and irregular movements of fishes, for

the solution of ]:)ractical problems that arise from time to time
regarding fish and shellfish, and for the conservation and development

of the important fisheries of the l)ay.

This general survey is being supplemented by a special investiga-

tion of fishes of the Chesa]:>eake Bay, conducted by S. F. Hildebrand
and W. C. Schroecler. While many fishes, especially the younger
examples of several species, have been collected in connection with
the general survey, the supplemental field work on fishes was under-

taken only in the last months of the fiscal year.

sur\t:y or selecteq areas in Mississippi ri\t2r.

In an investigation to determine the distribution of fresh-water

mussels. Dr. A. D. Howard made a somewhat detailed study of the

entire bottom in a portion of the Mississippi River, the area selected

being 3 miles in length and situated in Andalusia Chute, one of the

channels of the riA^er in the vicinity of Fairport, Iowa. The river in

this section is comparatively straight and of rather uniform char-

acter as to gradient and depth, passing over soil of clay, sand, and
sedimentary rock (mostly limestone).

The life on the bottom was found to have a rather definite dis-

tribution with reference to physiographic features of the river. In
general it was restricted to a zone 200 feet wide along each shore.

Where islands occurred a narrower zone was found along the shores

of the islands. The distribution had apparently no particular rela-

tion to depth of water, for the middle area of the stream (about 500
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feet wide) was not deeper than the 200-foot strips alongshore. The
zones near shore are by no means eqnally productive throughout, the
more densely populated portions manifesting definite relations to the
position of the channel and to other features of the stream, especially
those that aifect the stability of the bottom. Productive areas usually
occur in parts of the shore strips that are bathed by the current, or
Avhere the channel approaches the shore. Character of bottom soil is

a significant feature, but this is often "controlled by current, topog-
raphy, and other conditions.

Keokuk Lake, formed in the Mississippi River above the dam at

Keokuk, has been examined some years after its formation to de-
termine some of the effects of the changed conditions. A report of
the observations is in process of jdreparation.

STUDIES OF INLAND LAKES.

The Bureau has continued to cooperate with the Geological and
Natural History Survey of Wisconsin in biological and chemical in-

vestigations directed at the fundamental problems of the capacity of
inclosed waters for support of fish life. As has hitherto been stated,

the Bureau bears only a relatively small proportion of the expense of
the investigation. Substantial progress has been made, as is indicated
by the following outline submitted by President Edward A. Birge
and Chancey Juday representing the State Survey

:

1. The bulletin dealing with the quantity and chemical composition of the
plankton of the lakes situated in the vicinity of Madison is now ready for the
press. During this investigation 481 observations liave been made on the net
plankton and 182 on the nannoplankton of these lakes, making a total of 663
catches. Tliese catches were combined into ?>14 samples for the chemical
analyses. About 2,.500 separate chemical and asli detei'minations have been
made on these samples and 52 samples of special material obtained during the
progress of this work.
The quantity of dry organic matter in the total plankton of Lake Mendota

(net plankton plus nannoplankton) varied from a mininmm of 230 pounds per
acre in February to a maximum of 521 pounds per acre in December in the area
situated within the 20-meter contour line. When the surface of the entire lake
and the volume are taken into account the range is from 126 pounds per acre
in February to 256 pounds in December. The live weight of the organic matter
is 10 times as much as the dry weight.

Of the dry organic matter an average of 44.5 per cent consisted of crude
protein, 7.5 per cent ether extract, and 5.3 per cent crude fiber, leaving 42.7 per
cent to be designated as nitrogen free extract (chiefly carbohydrates). The
pentosans were the only carbohydrates studied, and they constituted an average
of 4.6 per cent of the organic matter.
Lakes Monona and Waubesa yielded larger quantities of total plankton. The

amount in the former varied from a mininmm of 276 pounds per acre in July to
a maximum of 1,063 pounds of dry organic matter in October in the area
bounded by the 20-meter contour. For the entire lake the range was from 111
pounds to 426 pounds per acre of surface. The maximum crop of plankton in
Lake Waubesa yielded 862 pounds of dry organic matter per acre in the area
bounded by the 10-meter contour, or 415 pounds per acre for the entire lake;
the average for 16 samples is 216 pounds of dry organic matter per acre.
The dry organic matter in the total plankton of Lake Monona contained 57.5

per cent of crude protein, 4.8 per cent of ether extract. 4.7 per cent of pen-
tosans, and 4.4 per cent of crude fiber. The total plankton of Lake Waubesa
yielded an average of 48.6 per cent of crude protein, 4.6 per cent of ether ex-
tract, 5.8 per cent of pentosans, and 4.4 per cent of crude fiber.

2. Mr. Wilson's numerical results for the bacteria of Lake Mendota show
that the average nun)ber from surface to bottom in 23.5 meters of water was
3,000 per c. c. of water in July and August, 1919 ; in the following autumn and
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winter the number fell to 1,500 per c. c. In the spring and early summer of
1920 the number rose stOMclily to a niaxiinuiii average of al)out 80,000 per o. c.

from tlio latter part of .hme to (lie end of Auuust. Dui-Jng the auliimn and
early winter the number gradually declined to an average of 2,000 bacteria per
c. c. of water.
Many of the bacteria represent chroraogenic forms, and various colors are

found in the plate cultures. There seem to be .some denitrifying individuals
present, but conclusive evidence of the presence of lime-precipitating forms
has not been obtained yet. The average size of these bacteria has been obtained
so that it will be possible to estimate their live weight and dry weight as well
as the organic matter in them.

3. Several reports arc now in press in tlie Transactions of the Wisconsin
Academy which deal with investigations in which the Bureau of Fisheries has
cooperated. The following may be listed here: "A suiwey of the larger aquatic
plants of Lake Mendota." by K. H. Denniston ; "A quantitative study of the
larger aquatic plants of Lalie IMendota," by H. W. Rickett; "A quantitative
study of tlie l)ottom fauna in the deeper water of Lake IMendota," by C. Juday.
Some chemical analyses of the larger aquatic plants from Lake Mendota

have also been made, but this has been done independently by the Wisconsin
Survey.

4. Various analyses have shown that the quantity of organic nitrogen in the
lake water itself amounts to five or six times as much as that in the total
plankton, and Dr. Schuette has been trying to work out a method for the
determination of this dis.solved organic nitrogen which will give results that
are more satisfactory than the present methods of nitrogen determination.
The quantities are so small that the methods now used by chemists do not
always give consistent results. So far no other method has been found which
will give better results tlian the standard methods.

AGAR-AGAR AND OTHER GELATINS FROM SEAWEED.

It is obviously unfortunate that the United States should be de-
pendent upon other countries for its supply of a vital necessity.

A^ar-agar is the commercial name applied to a gelatinous product
which has been imported from Japan, China, and other places, the
importations in 1919 amounting to nearly half a million dollars.

The importance of the material is not, however, measured by its

strictly commercial value. While it is used in making food and
confections, agar-agar is primarily important because it is a necessary
medium for bacteriological work, and is therefore c^5scntial to medi-
cal laboratories and hospitals. It is a requisite for certain industries,

for the maintenance of health, and for national security.

Marine algae or seaweed have long been used in this country for
the preparation of gelatins for particular purposes, but only the
recent investigations, conducted for the Bureau by Dr. Irving A.
Field,^ have revealed the fact that we have possible sources of supply
for the most valuable gelatin of all in certain species of seaweed on
the west coast. In the report for the preceding year reference was
made to Dr. Field's preparation of a gelatin suitable for use in pre-
serving fish, and to experiments in producing a substitute for agar
from Atlantic coast §eaweed. These experiments were not successful,
but it was later ascertained that at least one species of the west coast
yields agar of the best quality. Agar prepared by Dr. Field and
tested at the Army Medical School in Washington was pronoimced
equal or superior to the imported agar. Another species yielded a
product apparently of like quality. The investigation should be
followed by a field survey for the purpose of definitely locating the

" Field, I. A. : Sources, Preparation, and Prop+>rtie.s of Some Algal Gelatines. Bureau
of Fisheries, EcoLomic Circular No. 51, issued Oct 10. 1921, 7 p. Washington.
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sources of supply. It was a serious misfortune that Dr. Field died
shortly after completing and reporting upon his laborator\^ in-

vestigations.

THE OYSTER.

INVESTIGATIONS OF OYSTER CULTDBE.

The investigation of oyster problems of Great South Bay and
Long Island Sound was continued according to the general plan of
the year before. The work was begun b}- Dr. E. P. Churchill, as-

sisted by J. S. Gutsell, but Dr. Churchill left the service in August
and thereafter Mr. Gutsell continued it alone. Quantitative collec-

tions and studies were made with the aid of the pumping equipment
and selective screens developed b}^ the Bureau investigators.

At Great South Bay the plan comprised chiefly an intensive study
of the distribution, life, and setting of the oj^ster larvse. At fixed

stations located over a considerable area of the best oyster grounds
in the bay quantitative collections were made as in 1919. In that

year it had been found that certain of these stations were almost uni-

formly superior to others in their yield of larvse, and that the set

at these stations was correspondingly more abundant. The work in

1920 was planned to check up and enlarge on this evidence, to see if

the general distribution of larvae was much the same 3^ear after year.

Addition to our knowledge in other aspects was, of course, to be in-

cluded.
Unfortunately the season was a poor one. Oyster larvae until

after mid-July occurred scatteringly, at best in small numbers. The
conditions indicated a very light set indeed. The one station which
showed decided superiority was not located over oyster beds and
offered no opportunity of determining a set. A return visit with
inadequate apparatus late in August showed young oyster larvae in

apparently fair abundance and indicated an unusually late spawning
and a possible late set.

In accordance with the scarcity of larvae, a very light set was
found in the fall; and corresponding apparently to the late spawn-
ing, a set was found in the spring which had not attained sufficient

size in the fall to be noticeable. In general these sets were so light

as to be commercial only to the extent of having sufficient value to

repay shifting.

Thus support was given the hypothesis that a relation can be
found between the observable abundance of larvae and the amount
of set, and that consequently a scarcity of larvae indicates that the

great expense of " shelling " should be avoided.
In Long Island Sound, where the oysters spawn later than in

Great South Bay, the work was curtailed by tlie reduced personnel
and was limited chiefly to the region between Milford and Bridge-
port. Collecting was poor indeed except for a time in August,
when moderate numbers of larvae were obtained, particularly about
Bridgeport. Something of a set was later reported there. Thus in the
Sound, as in Great South Bay, there w^as little opportunity that season
to obtain other than negative evidence as to the relation of the occur-
rence of oyster larvae and the abundance and location of set.
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The study, made in cooperation with the Bureau of Chemistry,
of the trade-waste prol)lem in its rehition to oyster culture was
continued. Before he left the Bureau Dr. Churchill perfonned
experiments with various dilutions of standard solutions of chemi-
cals known to occur in or to be dischar<2;cd into water near oj-ster

beds. lie found the larvae very sensitive, certain chemicals being
fatal even in great dilutions. In Bridgeport Harbor late in the

season samples were collected for the determination of the distribu-

tion of injurious wastes, particularly the heavy metals. As a result

of the study of this harbor and of the efforts of the two bureaus,

the company, which discharged much the greatest amounts of copper,
was persuaded to install an electrol3'tic recovery process, which has
given gieat promise both as a money saver and as a means of im-
proving harbor conditions.

In June, 1921, the spawning of oysters in Great South Bay has
been found to begin in earnest almost a month earlier than in pre-

vious years of our experience and to occur at decidedly lower tem-
peratures. The work is being so carried on as to check up the data
obtained in 1919, and alread}^ the larvae have been found to be much
more widely distributed in good numbers. In addition, as oppor-
tunity permits, data are being gathered to test out the hypothesis
advanced by Dr. T. C. Nelson that oyster larva? of the larger sizes

keep from being washed to sea by sinldng with the ebb tide and
rising M-ith the flood.

The study of the development and distribution of the larva? is

of interest to local oystermen and has, it is believed, influenced
them in determining the times, places, and extent of planting shells

for set. The immediate purpose of the Bureau, it must be under-
stood, is to determine the possibilities of the method of lan-se survey
in obtaining best results and effecting economies in planting and in
the prevention of costly wastes from planting in seasons when a set

is not obtainable. Once a satisfactory demonstration is obtained,
the method can be applied in other localities as well as at the places
where the experiments have been conducted.

EFFECT OF POLLUTIONS I'I'OX PROrAGATIOX OF OYSTERS.

Pollutions may affect oyster eggs and larvss, either directly, by the
toxic effect of certain chemicals upon the young 03'sters, or indirectly,
through the exhaustion of the oxygen supply and partial or com-
plete suffocation of the larvse. The latter aspect of the problem was
given attention by Dr. P. H. Mitchell, director of the Woods Hole
(Mass.) P'isheries laboratory.
In experiments on the effect of oxygen deprivation on oyster larvae

Dr. Mitchell found that while the embryos are sensitive to dimin-
ished oxygen supplj^ a number of factors affect the lower limit of the
oxygen content of water compatible with life of the larvae. The
factors noted were : (a) The previous history of the eggs from which
the larvae were hatched, for example, ripeness at the time of artificial

fertilization and previous exposure to pollution; (5) the age of the
larvae; (c) the carbon-dioxide content of the water; (d) the hydro-
gen ion concentration of the water; and (<?) the temperature.
Development of a satisfactory technique for handling such un-

usually sensitive and perishable material as oyster larvae, in the
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manipulations required for this experiment, consumed much time.

Consequentl,Y the end of the breeding season for oysters came before

there ^vas opportunity to work out the relations of all these factors

in an entirely quantitative manner.
Results may be summarized as follows

:

With regard to the condition of the eggs, it was observed that

embryos from eggs of which 50 per cent or more developed quickly

to a free swimming stage withstood deprivation of oxygen better

than those from eggs of which only a small proportion developed.

With respect to age, it appeared that younger larvae endured com-

parative oxygen deprivation slightly longer than older ones, but the

experiments were not conclusive.

It was found that embryos show some effect of oxygen lack in

water containing 25 per cent of saturation of oxygen at 24° C. and a

markedly increased mortality in 10 per cent of saturation. Killing

time varied from 12 to 30 hours according to extent of oxygen de-

pletion. At 28 to 30° C. embryos die much more rapidly from oxygen
starvation than at 22 to 24° C.

Carbon dioxide seems to have a toxic effect other than that due to

hydrogen ion concentration. Embryos died earlier in water con-

taining sufficient oxygen but excessive COo than in water of the same
oxygen content and with the same Ph obtained by adding lactic acid.

Investigation of the effect of pollution on satisfactory development
of eggs in gonads was also conducted. Results showed that from
oysters, kept 7 to 10 days in water polluted so as to markedly lower
its oxygen content, only an abnormally small proportion of eggs
could be made to develop after artificial fertilization, conducted ac-

cording to standardized technique, and that the embryos so obtained

did not develop as far as controls.

An incidental observation proved of considerable interest. Oysters

which had been in cold storage 24 days for the purpose of studying

greening were found to have very full gonads. Eggs fertilized with

sperm from some of the same lot of oysters developed satisfactorily,

and many of the embryos reached the primitive shell stage. Some
of them, indeed, were used in oxygen-requirement tests.

Observations on the cause of copper greening confirmed previous

conclusions by showing that not only the amount of copper obtain-

able by the oysters, but also conditions of habitat determine whether
or not visible green spots occur. Marked appearance of greenness

after one or more weeks in cold storage was observed. It has been
twice noted that with gonads filled a smaller proportion of oj^sters

become green during storage than in other conditions. Two-year-
old spent oysters, set and reared in Wareham River, did not become
green during four weeks in cold storage. This is in contrast to

oysters which at some time during their previous history have been

in waters known to produce greenness (near Bridgeport and New
Haven).

Experiments both in the laboratory and in the field indicated a

positive influence of diminished oxygen supply in causing the ap-

pearance of green spots. Repeated observations of marked greening

of oysters in polluted tanks of sea water were also made, thus con-

firming the similar results obtained during the previous summer in

the Seekonk River.
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FRESH-WATER MUSSELS.

PROPAGATION OF MUSSELS.

The Fisheries biolofjical station at Fairport, Iowa, continued its

practicnl ])ropn«j:ation of fresh-water mussels in the Mississippi drain-

a<re at Lake rei)iu and Lake Poke<iania. Minn.; at New lioston. ()(\n-

awk:i, and Dallas Cit3^ 111.; at Fairport, Iowa; at Hannibal and
Clarksville, Mo.: and in cooperation with rescue crews alon<ii: the

Mississii)pi in "Wisconsin and Minnesota. The total number of <_do-

chidia infected upon fish and bbcrated in public waters durin<r the

year was approximately 648,445,000. includinfr 478,705,000 infected

upon rescued fish by cooperative agents working in connection, with
rescue crews of the division of fi.sh culture.

With a view to demonstrating the possibilities of mussel propaga-
tion in connection with the res^cuing of food fishes, the National Asso-
ciation of Button Manufacturers offered to cooperate witli the Bureau
by providing men to accompany each rescue crew on the ui)per river

and to inoculate all lishes with the glochidia of the Lake Pepin
mucket, the most impoi'tant of the local mussels. Seven agents of

the button manufacturers cooperated with seven crews working under
the direction of Supt. Culler, of the Homer (Minn.) station, and dur-

ing October and November inoculated nearly 6,000,000 fish with
glochidia.

The localities in whicli the work was done and the number of fish

subjected to infection in each locality were as follows:

Lynxville, Wis 2.025. 200
rxPiioa. Wis 1, 214, 900
Ft'iT.vville. Wis 907, .340

Fountain City, Wis 86, .510

North IMcGregor, Iowa 676,100
Belle-ue, Iowa 931, 500

Total .5, 841, .550

Material cooperation of this nature by an association of business
men is a source of gratification to the Bureau, not only as evidence of
a cordial spirit, but as evidence of faith in the practical value of the
service rendered in.the propagation of river mussels.

PROTECTION OF ]MUSSELS.

A prominent feature of the work of the Fairport station for sev-

eral years has been the part which it has played in bringing about
a strong sentiment for the protection of fresh-water mussels and
the cooperation it has extended to the several States in giving aid,

when solicited, in selecting the areas for closure to mussel fishing.

Additional closures of streams or parts of streams has followed the
beginning made in the past by Minnesota and Wisconsin. ]Minne-
sota in April closed for a period of five years parts of the Minnesota
Eiver, and the entire Cannon and Straight Rivers. Iowa, in the
same month, closed for a similar period parts of the Iowa, Cedar,
and Des Moines Kivers, and the entire Shellrock River.
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MUSSEL SUR\'EY IN UPPER MISSISSIPPI RI\T:R,

During the months of July and August, 1920, the Bureau of

Fisheries made a study and appraisal of the mussel resources in a

portion of the upper Mississippi River, beginning at a point about

5 miles above Red Wing, Minn., and extending down through Lake
Pepin, a distance of about 80 miles, to Lamoille, Minn, The work
was undertaken with reference to recent administrative action on
the part of the States of Wisconsin and Minnesota providing for

the closure of certain areas for the protection of the fresh-water

mussels while permitting the fishery to continue in alternate open
areas. The data acquired in this investigation are expected to estab-

lish a basis for comparison of conditions before and after a period

of protection. The investigation was conducted under the Fair-

port biological station by Dr. N. M. Grier, with two assistants. Ob-
servations were made in five open and five closed areas.

Many data were secured regarding the depletion of formerly pro-

ductive areas of mussel fishery, the diminution in abundance of

mussels in different beds being attributed variously to the indirect

effects of the construction of wing dams as aids to navigation, to

excessive fishery, and perhaps in some cases to the dumping of rub-

bish in the river in the vicinity of cities.

The information gained wall serve also as a^ aid to the Bureau
in the conduct of mussel propagation for the rehabilitation of de-

pleted and protected areas.

experi:\ients relating to mussel propagation.

Experiments in retaining in inclosures fish artificially infected

with glochidia of the Lake Pepin mucket, LampsUis luteola, have

been continued in Lake Pepin by Roy S. Corwin, scientific assistant.

It was found in certain experiments that pike perch infected as late

as August 19 carried glochidia until the following May, and that

mussels during the second year of growth will thrive in an inclosure

with a density of 18 mussels to the'square foot. Third-year mussels

with eight to the square foot flourished and showed an average in-

crease in length of more than 100 per cent in one year.

Artificial infections of the Lake Pepin mucket on pike perch re-

tained in a fine-meshed inclosure in the lake yielded an average of

833 juvenile mussels per fish. Assuming that these fish bore the

usual infection of about 3,000 glochidia per fish, the yield of young
mussels was 2T.4 per cent. This is a much higher percentage than

has ever been assumed to result from practical operations in artifi-

cial propagation of mussels.

Dr. L. B. Arey continued his study of the encystment of the

glochidia of the fresh-water mussel. It has been established that

the tactile response of the glochidium alone is adequate to insure

attachment. The view that glochidia regularly attached to the host

through a chemical activation by blood, derived from gill hemor-

rhages, appears to be untenable. Cyst formation is not initiated or

controlled by any vital influence of the glochidium. It has been

induced by the application of tiny metallic clips to a gill filament.
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IN\'ESTIGATIONS IN THE KENTUCKY RIVER.

Prior to 1919 the Kentucky Kiver was an unworked an«l practically

unknown mussel stream. In the summer and autumn of 1919 and the

summer of 1920 the upper part of the river was investigated by

Ernest Dantrlade, temporary assistant. Preliminary tests were made

in the summer of 1919 which indicated that ffood marketable shells

were to be found in the headwaters, and encoura<rement was ottered

to various people v.ho had expressed a desire to enjjcage in mussel

fishing-. As a result, by the middle of July, 1919, two mussel camps

were established in the up}:)er courses.

The river was examined from near its source down to Beattyvdle,

Ky., below which place the stream contains many locks and dams and

is unsuitable for mussel fishing. In the upper parts of the stream,

in the north and middle forks, numerous but small beds were en-

countered. Fourteen were investigated and are described in some

detail in a report on file with the Bureau. Forty species of mussels

were obtained, of which 22 have commercial value, the mucket being

the most important. Upper Twin Shoals is remarkable for the

abundance of young muckets.

THE BIOLOGICAL LABORATORIES.

The AYoods Hole (^Mass.) laboratory. Dr. P. H. Mitchell, director,

was in operation Avith a limited staff during the summer of 1920.

Previous mention has been made of the investigation relating to

oysters and the preparation of commercial gelatins from seaweeds.

Prof. Edwin Linton continued investigations of the food and para-

sites of fishes, and Prof. William W. Browne was engaged in com-

pleting his report upon the nature and causes of the reddening of

salt fish. Because of the unavoidable limitation of the Bureau's ac-

tivities, it was found impracticable to open the laboratory for the

summer of 1921.

Beaufort (X. C.) laboratory has been virtually closed during nearly

the entire fiscal year. Since the director, R. L. Barney, VN\as neces-

sarily transferred early in the year to another station, the laboratory

has been without scientific direction. Mr. Barney has, however, com-

pleted a general report on the natural history and culture of the dia-

mond-back terrapin, embodying the information available from ob-

servations and experiments as relating to growth and reproduction

of wild and domestic stock, care of young and adults, feeding, hous-

ing, anci hybridization. Further attention has been given to the

study of the bacterial disease which has been the only serious disease

affecting winter-fed terrapin. Under the superintendence of Charles

Hatsel, terrapin experiments have been continued, the grounds of the

station have been kept in good condition, and the buildings in such

repair as was possible with the available funds.

At the Fairport (Iowa) biological station the new laboratory

building was completed and occupied early in September, and shortly

thereafter R. L. Barney was appointed director of the station. In

response to an outside demand, the laboratory building was formally

dedicated October 7. A large num])er of prominent persons, includ-

ing scientists representing the leading universities of the country,
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participated both in the exercises of dedication and in the conference
on the following day, which gave consideration to the natural re-

sources of interior waters and the possibilities of their utilization

and conservation.

The interest manifested in that conference and the demonstration
it afforded of the possibility of bringing about better cooperation in

the consen^ation of aquatic resources led to a call by the Secretary of
Commerce of a conference of more extended duration to meet at the
station June 8 to 10, 1921. On this occasion there were in attendance
about 125 persons, including biologists, chemists, sanitarians, fisher-

men, manufacturers, fish-culturists, game wardens, engineers, and
others. During the three days of the conference there was free and
informal discussion related to the three major topics suggested in the
call for the gathering, viz: The depletion of aquatic resources,

causes, and remedial measures; the value of swamj) and shore areas
and their best utilization ; and a constructive program of conserva-
tion. Interest was sustained throughout, and the conference ad-
journed only after recording a request that a similar meeting be
called the following year.

The special activities of the Fairport station have been treated
under several preceding heads; investigation of the paddlefish, fish-

cultural experiment work, studies of fish disease, survey of selected
areas in the Mississippi River, and fresh-water mussels. The station
frequently also performs services of value to fishing clubs, private
hatcheries, and individual owners of lakes and ponds, furnishing
advice regarding the stocking and control of ponds and aiding in
the solution of such troublesome conditions as may arise. The value of
these advisory services is founded upon the scientific research con-
ducted at the station and the experience gained in propagating and
rearing fish under conditions of control.

The Key West (Fla.) biological station has been without a director
from the beginning of the fiscal year until within a few days of
the close of the year, when the services of a competent scientist

were secured for a temporary period. During the greater part
of the year the station has been in the hands of a caretaker. No
further constructions have been undertaken, but the grounds have
been suitably fenced for protection, and some plantings of appro-
priate vegetation have been made.

o
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INTRODUCTION.

In considering the value of any branch of governmental work it is

clearly just to take cognizance of the progress made, as evidenced
by an increased volume of work, but improved methods and lower
costs of producing and distributing the output are, in the case of
fish culture, of more importance, as indicating efficiency and sus-

tained interest in the work.
For a number of years there has been no increase in the funds pro-

vided for the propagation and distribution of food fishes, and only
the very inadequate increase in compensation of faithful employees
as provided by the so-called bonus of $240 per annum. In the face
of this condition and the fact that the cost of all commodities, labor,
and railroad rates increased many fold during the period of the
World War, it is particularly gratifying to note that the bureau
maintained its fish-cultural establishment, if not intact, still at a
point of efficiency where it handled an increased volume of w^ork
without material increase in the cost of production or distribution.

The value of modern fish culture is so generally accepted by those
having knowledge of the facts as to need no defense and is shown
by the action of many States in providing funds for such work, by
the numbers of fish-cultural plants financed by commercial interests,

and by individuals who are interested only in maintaining the fish

supply in a given locality.

The bureau's fish-cultural division is probabl}^ more completely
organized and equipped than any similar institution in the world.
It has been built up through a long period of years and represents
the thoughtful and painstaking effort of many persons. It has
reached a point in its history where its movement must either ad-

vance or retrograde. To longer maintain the present magnitude of
the work with the funds provided is manifestly impracticable. On
the other hand, the opportunities for its continued enlargement and
extension are restricted only by the facilities available.
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Duriiifr the fiscal year ended June 30, 1021, 62 per cent of the

appro|)riation provided by Confj^ress for the propagation and dis-

tril)ution of food fishes was expended in the maintenance and develop-
ment of tlie commercial fisheries.^ The remainin<^ ])ortion of the
fund was devoted to the equally important, though less extensive,

work of producing and disseminating in the interior waters of the
country various si)ccics of trout and the so-called warm-water fishes,

including the black basses, crappies, and sunfish. The widely ex-

tended and rapidly increasing use of the automobile has opened
to tourists and sportsmen numerous trout and bass waters which
were formerly inaccessible, with the result that interior streams and
lakes in all parts of the country have been heavily overfished. Of
all fishermen concerned automobilists as a class are perhaps the
most law-abiding, but their rapidly increasing numbers and their

habit of camping near a promising body of water and fishing it for
an extended period—sometimes for several days—has constituted
a drain which it will not be easy to make good. A most serious aspect
of the situation is that it threatens the resources of waters which
have never heretofore required any appreciable effort on the part
of either Federal or State agencies to maintain. The greatest danger
in this respect lies in the Western mountain States, in New England,
and in other parts of the country which abound in natural scenic

beauty.
The situation is a grave one, and if not given proper and imme-

diate attention by the States concerned and by the Federal Govern-
ment there is imminent danger of the total depletion of fish life in

many valuable waters which have heretofore yielded an abundant
supply. The advantages of keeping the interior waters of the coun-
try well stocked Avith the game and food fishes adapted to them are
many and obvious. By such means a cheap and very desirable food
supply is afforded to a certain class of i)eople who would otherwise
be unable to enjoy it. Vast numbers of people are inspired by the
lure of good fishing to seek the great out-of-doors, with very bene-
ficial results to their health, aside from the recreation afforded.

Certain of the State authorities who are not able to cope with the
difficulty have applied to the Bureau of Fisheries for aid, but in most
instances it could not be given, the bureau's resources having been
already greatly overtaxed in the effort to maintain the scope of its

work along previously established lines.

The bureau's efforts in fish culture are directed chiefly toward the
maintenance of the existing fisheries of the country and toward the
development of new and profitable sources of fish supply by extend-
ing its operations over a wider territory in fields contiguous to the

present stations. Five important functions are involved in this work,
namely, the collections of eggs from various species of fish of
economic value, the incubation of the eggs in properly equipped
hatcheries, the rearing and feeding of the young of certain species,

the rescue of stranded fishes from overflow waters in the Mississippi

Valley, and the distribution of fish and fish eggs in suitable waters.

2 The exppnditiirps involv«'(l in distributing the output of th(> hatcheries represents
approximately 17 per cent of the total appropriation, and .'50 per cent of this amount
represents the expenditures in connection with the commercial species.
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Part I.—FISH PROPAGATION AND RESCUE.

Summary of Operations.

SPECIES OF FISHES HANDLED.

During the fiscal year ended June 30, 1921, the bureau propagated
and distributed some 48 species of fishes, as shown in the following
list. Fishes rescued from overflowed lands in the Mississippi Basin
and restored to original waters or distributed in other sections of the
United States are included.

list of species handled.

The catfishes (Silurid^) :

Horned pout, bullhead (Ameiurus nebulosus).
Marbled catfish (Ameiurus iiebulosus mnrmoratus).
Mississippi catfish (Ameiitrus lacustris).

. Spotted catfish, channel catfish (Ictalurus punctalvs).
Yellow catfish [Leptops olivaris).

The suckers (Catostomid.^) :

Mongrel bulTalofish iIctiobi(s urns).
Common buffalofish (Ictiohtis cyprinella)

.

Smallmouth buffalofish {Ictiobn^ biibalus).

The carps (Cypeinidsi) :

Asiatic carp {Cyprinus carpio).
The shads and herrings (Clupeid^) :

Shad (Alosa sapid issirn'O).

Glut herring (Pomolobus aestivaUs)

.

Skipjack ( Pom olu bus chrysochloris )

.

The salmons, trouts, whitefishes, etc. (Salmonid^) :

Common whitefishes (Coregonus albus and C. elupeaform is).

Cisco (chiefly Lcvcichthys artedi).

Chinook salmon, king salmon, quinnat salmon {Oneorhynehvs iseha-
wytscha )

.

Chum salmon, dog salmon (Oncorhynchus keta).

Humpback salmon, pink salmon (OneoHiynehu.s fioilniseha).

Silver salmon, coho salmon {Oneorhynrhus kifiiitrh).

Sookeye salmon, blueback salmon, redfish (Orieorhynehus nerka).
Steelhead salmon (Salmo gairdneri).
Atlantic salmon (Sahno salar).

Landlocked salmon {^almo sebago).
Rainbow trout (Salmo shasta).
Blackspotted trout, redthroat trout (Salmo leirisi).

Loch Leven trout (Sahno levenensis)

.

Lake trout, Mackinaw trout (Cristivomer namaycush).
Brook trout (Salvelinus fontinalis).

The graylings (Thymallid^) :

Montana grayling (Thymallug montanus).
The smelts (Osmeeid.e) :

Smelt (Osmerus mordax).
The pikes (Luciid.^5) :

Little pickerel (Lvcius vermiculatus)

.

Common pickerel (Lucius lucius).

The sltnftshes. black rasses. and crappies (Centrarchid^) :

Grapples (Pomoxis annularis and P. sparoides).

Largemouth black bass (Micropterns salmoides)

.

Smallmouth black bass (Micropterus dolomieu).
Rock bass ( Ambloplites rupestris)

.

Warmouth bass, goggle-eye (Chcenobryttus gulosus).
Bluegill sunfish (Lepomis pallidus).

Common sunfish (Eupomotis gibbosus).
The perches (Percid^e) :

Pike perch (Stizostedion mtrmim).
Yellow percii (Perca flavescens).
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The hassks (Skkkanid.'e) :

Striped ha.ss, rocklish {h'occMs li)i((ilu.'<) .

White hiiss (Rocciin clirysops).
Wliite i>er<'h (Morone americana).

The DRiMs (Sciaknii).'k) :

Freshwater drum, lake sheepshead ( Aiilodinotiis (iriivnicna).

The cods ((jadid.e) :

Cod ( 11(1 (I H.v rd Ihi rUt.'i )

.

Haddock ( Mihinof/niinnius afilefniua)

.

Pollock { I'olldchiKs riroix).
The Kl.OlNDKK.S ( I'l.KT I!(I.\E('T1I).K) :

Winter tlounder, Aiuerican flatfish { rseinloiilcurinicrtrs nmcrkanus)

.

Pole flounder (Glyptoccithtilus ciniogloHHus)

.

SUMMARY OF OUTPUT.

During the fiscal year 1921 the bureairs efforts in fish propagation
and rescue of stranded fishes resulted in a gross output of 4.9G2.-

583,555 fish and fish eggs for distribution, 93 per cent of which was
made up of the important commercial species and 7 per cent of the

species used in stocking interior waters. Losses due to transporta-
tion amounted to 94,150, making a net product of fish and fish eggs
actually distributed of 4,962,489,405. A summary of this net output,
shown by species, is given in the following table

:

Summary, by Species, of Net Output of Fish and Fish Eggs, Fiscal

Year 1921.

Species. Eggs. Fry. Fingerlings. Total.

Catfish
Buftalofish.
Carp.
Shad
Glut herring
Whitcfish
Cisco
Chinook salmon
Chum salmon
Silver salmon
Sockeye salmon
Steelhead salmon
Atlantic salmon
Landlocked salmon
Rainbow trout
Blackspotted trout
Loch Levcn trout ,

Lake trout
Brook trout
Grayling
Smelt
Pike and pickerel
Grapple
Largemouth black bass.
Smahmouth black bass.
Rock bass
Warmouth bass ,

Sunfish
Pike perch ,

Yellow perch
Striped bass
White bass
Freshwater drum
Cod
Haddock
PoUock
Winter flounder ,

Pole flounder
Miscellaneous flshes

181,650,000
186,510,000

6, 7S0, 000

350,000
493,000

575,000
2,553,240

820,000

2, 824, 000
856,890

600,000

296, 475, 000
12, 000, 000

208, 800, 000
188,940,000

Total 1, 109, 637, 130

19, 410, 000

108, 307, 000
106, (M3, 000
32, 792, 275
43, 815, 000

238, 800, 000
89, 800, 000

7, 000, (X)0

600,000
38, 778, ,•00

3H, 810
1,387,000
208,115
414, 100

3, 899, 100

16, 563, 300
3, 642, .330

1,400,000
7,000,000

585, 050
303,700

57, 385, 000
176, 369, 450
20,184,000

17.5, .341, 000
271,K80,000

• 455, 066, 000
1, 768, 660, 000

3,626,262,730

35, 257, 070
1,64.5,835

3,918,580

32, 780, 765

19, 436, 400
6, 486, 150

30, 434, .500

2,928,915
280

124,250
3, 872, 225
1,000,300

64,000
208,500

7, 559, 625

540, 510
37,303,900
1,221,905

54,590
108, 305

100

30, .371, 475
108, 515

6, 166, 435

27, 170

34, 0.80

4, 935, 165

226, 589, 545

35,

109,

109,

32,

43,

420,

276,

39,

26,

7,

69,

3,

1,

6,

5,

19,

12,

1,

30,

353,

194,

20,

384,

460,

455,
1,76S,

19,

4,

257, 070
952, 835
%1,580
792, 275
815,000
450,000
310,000
.560, 765
436, 400
086, 150

563,000
460, 725
387, 280
907,365
839, .565

719, 400
64,000
595,800
058, 845
400,000
600,000
540,510
303, 900
806, 955
358, 290
108, 305

100
371, 475
968, 515
535,885
184,000
27,170
34,080
141,000
820, 000
066,000
660,000
410,000
935, 165

4,962,489,405

SUMMARY OF EGG COLLECTIONS.

Eggs are obtained by several methods, but the principal source of
supply is the commercial fisheries, where, were it not for the bureau's
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activities, vast numbers of eggs would be sent to market in the fish

and become a total loss. In the case of certain species, notably but
not exclusively the salmons of the Pacific coast, where commercial
fishing does not extend to or is not permitted on the spawning
areas, employees of the bureau capture the spawning fish either in

seines or in traps and artificially incubate in its hatcheries the eggs
thus obtained. The object of this work is to bring about a higher
percentage of fertility in the eggs than is possible in natural repro-

duction and to afford the eggs and the resulting young fish protection

from their natural enemies. Eggs in appreciable numbers are also

obtained from domesticated fish, which are maintained in ponds at

fish-cultural stations from year to year under more or less artificial

conditions.

A decrease of approximately 121,000,000 in the aggregate egg
collections occurred this season as compared with last year, as is indi-

cated by the accompanying table, and the same causes that were
operative to the detriment of the work then were again in evidence.

However, in any line of enterprise where results are dependent to a

large extent upon weather conditions, as is the case in all of our egg-
collecting fields, a comparison of one season's work with that of

another will indicate a considerable fluctuation in total results, and
it is only by comparing the results over a period of years that the

actual trend of the work may be traced with any degree of accuracy.

The most noticeable variations in the egg collections of 1921 as

compared with 1920 are increased collections of eggs of chum salmon,
Cisco, rainbow trout, blackspotted trout, whitefish, pike perch, yellow
perch, striped bass, carp, haddock, and glut herring, and decreased

collections of eggs of the chinook, silver, sockeye, humpback, and
steelhead salmon, landlocked salmon, lake and brook trout, shad,

buffalofish, cod, pollock, and other species of less importance. It is

to be noted that while a decrease occurred in the number of eggs
collected during 1921, as compared with the previous year, there was
an increase of approximately 179,000.000 in the aggregate ovitput of

the stations in eggs, fry, and fingerlings. This apparent dis-

crepancy in figures is accounted for by the better quality of the eggs
handled during the year and the higher percentage of fry produced;
also to an increase in the numbers of eggs fertilized and planted on
the spawning grounds.

Comparison of Egg Collections, 1920 and 1921.

Species.
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SUMMARY OF FISH-RESCUE WORK.

That part of the net output for the fiscal year 1921 derived from
the rescue of stranded fishes is shown in the foUovviiifj; tahle, which
gives foi- eacli point from which the rescue work was conducted the

total number of each si)ecics salvaged, the jwrtion of that total

restored to the original waters and the portion deliverd to appli-

cants: and for each species the total number rescued, the portion of

that total restored to the original waters, and the portion delivered

to applicants.

For a discussion of the rescue operations and suggestions for the

enlargement of their scope, see page 78.

NUMUKK AND DISPOSITION OF FiSH ReSCITEd FROM OVERFLOWED L.VNDS, FISCAL
Year 1921.

station.
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Number and Disposition of Fish Rescued from Overflowed Lands, Etc.—Con.

Station.
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where the shipments consist of e^ps iind give advantageous distri-
bution centers in the case of young fish.

Stations and Substations Operatkd, and Output of Each, Fiscal Year 1921.

[Asterisk (*) denotes transfer of eggs. See table, p. IS.]

Station and period of
operation. Species.

Afognalf, Alaska: *

Kntircyear
Baird, Caliir.:

Entire year
Battle Creek, Calif.*—

Kntiro year
Mill Crook, Calif.—
Kntirc year

Baker Lako, Wash.:
I'^utiro year

Birdsview, Wash.*—
Entire year

Brinnon, Wash.

—

Novomlier-June.

.

Duckabush, Wash.-
Kiiliro year

Quilceiic, Wash.-
Entire year

Qninault, Wash.-
Entire year

Sultan, Wash.
Entire year..

Berksliire, Mass.:
Entire year...

Boothbay Harbor, Me.:
Entire j'ear

Bozeman, Mont.:*
Entire year

Glacier Park, Mont.-
March-June

Yellowstone, Wyo.*—
Julj^-September

Cape \ nicent, M. Y.:*
Entire year

Central Station, Wash-
ington, I». C:

Entire year

Bryans Point, Md.-
Febniary-May.

Sockeye salmon

.

Chinook salmon.

do

do

Sockeye salmon

.

Blackspottcd trout.
Chinook salmon
Chum salmon
Silver salmon
Sockeye salmon
Steelhead salmon. .

.

Chum salmon
Steelhead salmon.

Chum salmon
Silver salmon
Steelliead salmon.

Chum salmon
Silversalmon
Steelhead salmon.

Chinook salmon...
Silversalmon
Sockeye salmon . .

.

Chinook salmon ..

Silversalmon
Steelheadsalmon..

Brook trout
Rainbow trout.

Flounder.
Pollock...

Blackspottcd trout.
Brook trout
Rainbow trout

Blackspottcd trout.
Brook trout
GrayUng
Rainbow trout

Blackspottcd trout.

Brook trout
Cisco
Lake trout
Pike perch
Rainbow trout.
Whitefish
Yellow perch. .

.

Brook trout
Chinook saimou.
Cisco
Pike perch
Rainbow trout..
Shad
Whitefish
Yellow perch

Eggs.

(*)

(*)

3,000,000

(*)
* 85, 000

100,000

Fry.

30,211,000

Fingerlings,
yearlings,
and adults.

7, 050, 000

23.700

600,000

1,500,000

85,000

5, 500, 000

950,000

* 325, 000

* 820, 000

* 186, 510, 000
39,000

* 89, 650, 000

841,235,000
11,906,000

912,500

' '256,'666

1,400,000

2,012,400

397,000
89,400,000

450,000
7,970,000

66,100
40, 300, 000
11,000,000

Shad '..

Yellow perch

' Fry produced at Meadow Creek auxiliary station.

400,000
1,500,000

800,000
800,000
500,000

13,639,175
158, 819, 450

17,597,000

1,40.';, 000

1,781,000

1, 347, 400

973, 865
1,5.36,000

2, 176, (XX)

9,000
128, 250

575,000

5, 682, 000
50,000

1, 095, 0(X)

6,575,500
470,800
303,500

24,800
1,398, (XX)

3, 44S, 000

303,300
1,974,300

76,800

296,825
41,900

152,500
546,950
798,000

420,000
30,000

185,000

2,150

36,200
12,500

Total.

47,808,000

1, 465, 000

1,781,000

4, 347, 400

7, 050, 000

23,700
973, 865

1,.5.36, 000
2, 776, 000

9,000
213, 250

2,075,000
100,000

11,182,000
50,000

1, 095, 000

6, 575, 500
470,800
388,500

21,800
1, 398, 000
4,398,000

303,300
1,974,300

76,800

296,825
41,900

841^235,000
11,906,000

1,065,000
546,950

1,373,000

420,000
30,000

1,400,000
185,000

2,832,400

397,000
275, 910, 000

489,000
7, 970, 000

66,100
129,950,000
11,002,150

36,200
12,500

400, (XX)

1,500,000
20,400
800,000
800,000
500,000

13,639,175
158,819,450
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Stations and Stjbstations Opkrated, and Outpitt of Each, Fiscal Yeab
1921—Coutiniied.

[Asterisk (*) denotes transfer of eggs. See table, p. 15.]

Station and period of

operation.
Species. Eggs. Fry.

Fingerlings,
yearlings,
and adults.

Total.

Clackamas, Oreg.:
Entire year. .

.

Applegate, Oreg.-
Entire year

Big White Salmon,
Wash.—

Entire year
Little White Salmon,

Wash.—
Entire year

Rogue River, Oreg.-
Entire year

Salmon, Idaho

—

July-September
Upper Clackamas,

Oreg.

—

Entire year
Washougal, Wash.

—

April-June
Willamette, Oreg.

—

July-June
Cold Springs, Ga.:

Entire year

Craig Brook, Me.:
Entire year..

Duluth, Mmn.: *

Entire year. ..

Edenton, N.C.:
Entire year.

Weldon, N. C.
April-May..

Erwin, Tenn.:
Entire year.

Fairpoit, Iowa, and sub-
stations:

Entire year

Blackspotted trout.
Brook trout
Chinook sahnon 130,000

do
Silver salmon. ...

SteeUiead salmon.

Chinook salmon.

do
Chum salmon

.

950,000

Blackspotted trout.
Chinook salmon
Rainbow trout
Silver salmon
Steelhead salmon.

.

Chinook salmon. 2, 700, 000

-do.

Steelhead salmon.

Shad

223,000

Catfish
Crappie
Largemouth black bass
Sunflsh
Warmouth bass

Atlantic salmon
Brook trout
Landlocked salmon.
Sockeye sobnon

Brook trout
Lake trout
Pike perch
Rainbow trout.
Whitefish

» 100, 000

Glut herring
Largemouth black

bass.
Shad
Sunfish

Striped bass.

Brook trout
Crappie
Largemouth black

bass.
Rainbow trout
Rock bass
Smallmouth black

bass.
Sunfish

55,000

Buflalofish
Carp
Catfish
Crappie
Drum
Largemouth b 1 a
bass.

Pike and pickerel.
Sunfish
White bass
Miscellaneous

15,000

2, 347, 100

144,750

1,387,000
1, 0S5, 000

8,395
17,500

6, 057, 000
S, 500, 000

9,600,000

43, 815, 000

16,006,000

20,184,000

33,000

95,000
4,000

4,362,000

77,400
35, 150
450,000

4,000,000

12,190,000
5, 067, 900

47,500
4, 308, 000

189,500
381, 900
866,000

1,935,500

4,120
1,550

67, 805
61,350

100

280
23, 625
35,150

110,000
147,500
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Stations and Substations Operatkd, and Outpit ok Each, Fiscal Year

1921—Continued.

[Asterisk (*) denotes transfer of eggs. See table, p. 16.]

Station and period of
operation.

Gloucester, Mas.s.;

Entire year..

Green Lake, Me.;
Entire year.

.

Grand Lake
Me.*—

Eiitiro year.

Homer, Minn.:
Entire year.

Atchafalaya, La.

—

Fpbniary-April.

.

Bolle\ue, Iowa

—

July-N^ovember.

.

La Crosse, Wis.-
Entire year...

Marquette, Iowa—July-
November

Meredosia, 111.-

July-November

.

Species.

Cod
Flounder (pole)...
Flounder (winter).
Haddock
Pollock

Brook trout
Landlocked salmon.
Rainbow trout
Smelt

Brook trout
Landlocked salmon

.

Buffalofish
Carp
Catfish
Grapple
Drum
Largemouth black bass
Pike and pickerel
Pike perch
Rock bass
Sunflsh
White bass
Yellow perch
Miscellaneous

Eggs.

>20S,800,n00
19,410,000

18S,940,000

(*)

495.000

600,000

* 80, 000

Fry.

50,900,000

132,070,000
271,SS0,000
443, 160, 000

60S, 0.50

144.720
26,000

7,000,000

47, 8,S0

55,000

Buffalofish.

Buffalofish
Carp
Catfish
Crappie
Drum
Largemouth black bass
Pike and pickerel.

.

Pike perch
Sunflsh
White ba.^s

Yellow perch
MisceUaneous

Brook trout
Buffalofiih
Carp
Catfish
Crappie
Drum
Largemouth black bass
Pike and pickerel .

.

Rainbow trout
Sunflsh
White bass
Yellow perch
Miscellaneous

Buffalofish
Carp
Catfish
Crappie
Largemouth black bass
Pike and pickerel
Rock bass
Sunflsh
Yellow perch
Miscellaneous

40, 040, 000

68, 267, 000
42, 718, 000

107,000

30,000

Buffalofish
Carp
Catfish
Crappie
Largemouth black bassj
Sunflsh
Yellow perch I

Miscellaneous '

Fingerlings,

yearlings
and adults.

79,100

30, 165
1,190, .{60

10,769,828
15, 959, 460

19, 40.->

169.815
175, 040
108, 265

3, .300

11,75.5,715

6,990
4,992,822

527, 080

' Represents eggs fertilized and planted on spawning grounds.

314,015
138,759

2,211,740
4, 788, .500

2,295
57,910
19,595

2.50

3,630>,7.50

9, 585
11,000

2, 698, 605

316, 0.50

800, 530
2,059,189

18,594, 100
14, 472, 165

11, %0
236, 165

322, 1.30

23, 690
12,693,710

6,620
1,012,805
904,110

243, 0(X)

340, 600
1,118,000
1,62,5,900

39, 930
18, 375

75
1,638,900

217, 425
788,500

46,300
91,200

800,175
93,300
37, 590

145, .300

200
11,000

Total.

259,700,000
19,410,000

132, 070, 000
460, 820, 000
443, IGO, (XK)

608,050
639, 720
26,000

7, 600, 000

47,880
214, 100

30, 165

1,190, .360

10,769,828
15, 9.59, 460

19, 405

169, 815
175, 010
108, 265
3,300

11,75.5,715

6,990
4, 992, S22

527, 080

40, 010, 000

68,581,015
42, 856, 759
2,211.740

4, 788, 500
2,295

57, 910
19, 595

250
3,630,7.50

9,585
11,000

2, 698, 605

423, 0.50

800,530
2, 059, 189
18,594,100
14, 472, 165

11,960
2,36, 165

322, 130
,53,690

12,693,710
6, 620

1,012,805
904,110

24.3, 000
3 10, 600

1,118,000
1, 625, 900

39,930
18, 375

75
1, 638, 900

217, 425
788,500

46,300
91,200

800, 175

93, 300
37, ,590

145, 300
200

11,000



12 U. S. BUREAU OF FISHERIES.

Stations and Substations Operated, and Output of Each, Fiscal Year
1921—Continued.

[Asterisk (*) denotes transfer of eggs. See table, p. 15.]

Station and period of
operation.

Leadville, Colo.:*
Entire year. .

.

Louisville, Ky.:
Entire year.

.

Cairo, 111 —
July-October.

Mammoth Spring, Ark.
Entire year

Manchester, Iowa:*
Entire year

Nashua, N. H.:
Entire year.

Neosho, Mo.:*
Entire year.

Northville, Mich.:
Entire year

Bay City, Mich.—
April-May

Charlevoix, Mich.*-
Entire year

Orangeburg, S. C:
Entire year

Put in Bay, Ohio:*
Entire year

St. Johnsbury, Vt.:
Entire year

Holden, Vt.—
Entire year.

Swanton, Vt.*-
March-May.

.

Species.

Blackspotted trout.
Brook trout
Lake trout
Loch Leven trout..
Rainbow trout

Largemouth black bass
Rock bass
Smalknouth black bass
Sunflsh
Yellow perch

Buflalofi.sh
Carp
Catfish
Crappie
Largemouth black bass
Pike and pickerel
Sunflsh
White bass

Largemouth black bass
Rock bass
Smallmouth black bass

Brook trout
Rainbow trout
Rock bass
Smallmouth black bass

Brook trout
Pike perch
Rainbow trout
SmaUmouth black bass

Catfish
Crappie
Largemouth black bass
Rainbow trout
Rock bass
Smallmouth black bass
Sunfish
Yellow perch

Eggs.

*500,000

*65,500

*100, 000

Brook trout
Rainbow trout
Smallmouth black bass

Pikeperch 277,250,000

Laketrout *2,685,000
SteeUiead salmon I

Whitefish 15,000,000

Crappie
Largemouth black bass
Rock bass
Sunflsh

Carp
Pike perch

.

Whitefish .

.

Brook trout
Lake trout
Landlocked salmon

.

SteeUiead salmon

Brook trout
Lake trout
Rainbow trout
Steelhead salmon.

Pike perch . .

.

Yellow perch.

* 77, 000, 000

256, 890

* 19,225,000
12,000,000

Fry.

950,500

32,000

"i46,'666'

'750,' 666'

24,000

1, 175, 000

'""3i,'766'

1,500

321,000
42,000

7,040,000

10,000,000
23, 810

20,000,000

63,325,000
12,600,000

167, 500, 000

931,900
37,000

144,600
19,300

18,100,000
5,300,000

Flngerlings,
yearUngs,
and adults.

2, 706, 000
24,000
34,000
99,500

1,100
4,500
10,700
76, 150

107, 350
44,715

670, 800
170, 800
2,600
4,900

55, 250

1,400
4,725
2,200

466, 225
155, 950
53,910
2,500

735,600

42,000

3,000
13, 222
20, 175

167, 965
10,040
2,701

31, 680
58

148, 225
51,575
31,200

300
204,675

500
14,200

85,800

10,000
5,875

29,200
12,350

400
3,490
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Stations and Substations Operated, and Output of Each, Fiscal Yeab
1921—Continued.

[Asterisk (*) denotes transter of eggs. See table, p. 15.]

Station and period of

operation.

San Marcos, Tex.:
Entire year

—

Saratoga, Wyo.:*
Entire year...

Spearfish, S. Dak.
Entire year. .

.

Springville, Utah:*
Entire year

ParLs, Idaho—
March-April.

Tupelo, Miss.:
Entire year.

.

White Sulphur Springs,

W. Va.:*
Entire year

Woods Hole, Mass.:*
Entire year

Wytheville, Va.:*
Entire year

—

Species.

Yes Bay, Alaska:
Entire year. .

.

Gross output
Loss in transit.

Net output

Black bass.
Catfish
Crappic . . .

.

Rock bass..
Sunflsh

Blackspotted trout.

Brook trout
Rainbow trout

Brook trout
Lake trout
Loch Levon trout

.

Rainbow trout

Blackspotted trout.

Brook trout
Catfish
Rainbow trout

Whiteflsh

.

Crappie
Largemouth black
bass.

Sunfish

Brook trout
Crappie
Largemouth black
bass.

Rainbow trout
Rock bass
Smallmouth black

bass.

Cod
Flounder.

Brook trout
Crappie
Largemouth black
bass.

Pike perch
Rainbow trout
Rock bass
Smallmouth black

bass.
Sunfish

Eggs.

100,000
* 1,297, 740

(*)

* 350, 000

* 250, 000

Fry.

600,000

351,000

25,800

(*)

* 110, 000

Sockeye salmon

.

350,000

1,109,637,130

1,109,637,130

100,500

124,441,000
795,355,000

Fingerlings,
yearhncs,
and adults.

500,000

550,000

3,626,264,230
1,500

3,626,262,730

257,716
70,000
5,904
320

74, 872

194,000
129,000
145,000

530,000
29,900
34,000
126,945

91,300
200,300
2,000

172,000

1,280
54,500

73,005

857,400
550
600

663, 151
175
125

40,900
160

9,423

315,550
14,060

100

10,325

9,380,500

226,682,195
92,650

226, 589, 545

Total.

257,715
70,000
5,904
320

74, 872

194,000
229,000

1,442,740

530,000
29,900
34,000
126,945

91,300
200,300
2,000

522,000

600,000

1,280
405,500

73,005

857,400
550

26,400

913, 151
175

100,625

124,441,000
795,355,000

40,900
160

9,423

500,000
425,550
14,060

100

10,325

10, 280, 500

4,962,583,555
94,150

4,962,489,405

EGG-COLLECTING OR AUXILIARY STATIONS.

The eggs hatched at the main stations and substations listed in

the foregoing table are in many cases obtained from auxiliary

sources, usually temporary stations occupied during the season

only or, in some instances, mere camps, which are shifted from year
to year. In the Great Lakes and off the New England coast col-

lections are made by the bureau's vessels or boats in favorable lo-

calities. The following stations and egg-collecting points, operative

for the periods indicated, furnishetl eggs of the given species for the

main hatcheries during 1921.
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Egg-Collecting Stations and Species Handled, Fiscal Year 1921.

stations.

Bozeman, Mont.:
Meadow Creek, Mont
Yellowstone Park, Wyo

Clear Creek
Columbine Creek
Cub Creek
Thumb Creek

Cape Vincent, N. Y.:
Bygotts Point, N. Y

- Chaiunont Bay, N. Y
Deseronte, Canada
Fair Haven Bay, N. Y
Grass Bay, N. Y
Pigeon Island, Canada
SodusBay.N. Y
South Bay, Canada
Stony Island, N. Y

Duluth, Minn.

:

Boy River, Minn
Bricsburg, Minn
Grand Marais, Mich
Keystone, Mich
Lac La Belle, Mich
Manitou Island. Mich
Marquette, Mien
Mumsing, Mich
OntonagoUj Mich ,

Portage, Mich ,.•!*.

Washington Harbor, Mich
Green Lake, Me.: Fish River Lake, Me.
Leadville, Colo.

:

Carroll Lake, Colo
Crystal Lake, Colo
Engelbrocht Lake, Colo
Evergreen Lake, Colo
Hen and Ford Lakes, Colo
Musgrovo Lake, Colo
Northfleld, Colo
Turquoise Lake, Colo ,

Northville, Mich:
Alpena, Mich ,

Cheboygan, Mich
Detour, Mich

Frankfort, Mich
Leland^ M.ich
Manistique, Mich
Northport, Mich
St. Ignace, Mich
St. James, Mich
St. Joseph, Mich
Scotts Point, Mich

Putin Bay, Ohio:
Catawba Island, Ohio
Isle St. George, Ohio
Port Clinton, Ohio

Toledo, Ohio.

St. Johnsbury, Vt.:
Darling Pond, Vt
Lake Mitchell, Vt
Margalloway River, Me

Saratoga, Wyo.:
Canon Creek, Wyo
Lost Creek, Wyo
Sage Creek, Wyo

Spearfish, S. Dak.:
Crow Creek, S . Dak
Schmid Ponds, S. Dak

Springville, Utah: Fish Lake, Utah.

Woods Hole, Mass.:
Quissett, Mass..
Waquoit. Mass.

.

Wickford, R. I..

Period of operation.

April to June
July to September.

do
do
do
do

November
November and December

.

do
do

May
October and November . .

.

November and December

.

do
October and November . .

.

April
....do
October and November

.

....do

....do

....do

....do
do

....do
do
do

November

October and November

.

....do
.do.
.do.

-do.

.do.

.do.

.do.

November

.

do
do
do
do
do
do
do
do
do
do

November and December .

.

do
November and December,

April to June.
November and December,

April.

September to December.

.

September to November.
do

Species handled.

April to June.
do

.....do

October to December
do

October and November,
April and May.

February and March.
do....

March

Rainbow trout.
Blackspotted trout.

Do.
Do.
Do.
Do.

Cisco, whitefish.
Do.
Do.
Do.

Yellow perch.
Lake trout.
Cisco.
Whitefish.
Lake trout.

Pike perch.
Do.

Lake trout.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Landlocked salmon.

Brook trout.
Do.
Do.
Do.
Do.
Do.
Do.

Brook and Loch Leventrouts.

Ivake trout, white fish.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Whitefish.

Do.
Do.

Whitefish, carp, pike perch.

Whitefish, pike, perch.

Brook trout.

Do.
Do.

Rainbow trout.

Do.
Do.

Brook and Loch Lcven trouts.

Do.
Brook and rainbow trouts.

Winter flounder.
Do.
Do.
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TRANSFERS OF EGGS.

For the convenient reference of persons interested in the results

of tlie frequent interchange of fish e^^s between tlie various stations

of the bureau this table is prepared, indicating; all such transfers of

e<r<rs durin«r the fiscal year 1921. It is the intention to include a

similar table in all future reports.

Transfers of Eggs, Fiscal Year 1921.

Species.
Number
of eggs.

From- To- Fiiial disposition of fry or finger-
lings.

Blacksp o 1 1 ed
trout.2

Brook trout 2...

Chinook salmon

Cisco
Cod
Lake trout .

.

L a n d 1 c k ed
salmon.-

Pike perch

.

PoUock.

Rainbow trout

50,000
25,000

1,000,000
200,000
800,000

350,000
200,000
452, SOO
200,000
' 20, 000

1,000,000
8, 700, 000

25,000
25,000

25,000

10,000

25, 000

8, 000, 0(K)

2, 025, 000

2, 000, 000

500,000
24,350,000

2 25,000
-50,000

3 60, 000

3 98, 991

2 105,000

2 100,000

2 .JO, 000
2 25, 000

2 100,000

3 50,000

3 25,000

357,000

3.50,000
3 150,000

3 20,000

350,000

350,000
3 100,000

100267°—22-

Yellowstone Park
do
do
do

Leadville, Colo

Springville, Utah.
do
do
do

Battle Creek, Calif.

Cape Vincent,N.Y,
Woods Hole, Mass.
Charlevoi.x, .Mich..

do

Duluth, Minn.

Grand Lake
Stream, Mc.
do

Swanton, Vt.
do

.do.

do
Gloucester, Mass..

Bozcman: Meadow-
Creek, Mont.
do
do

Manchester, Iowa.

Neosho, Mo.

Saratoga: Sage
Creek, Wyo.

SpringviUe: Fish
Lake, Utah.
do
do

do ,

White Sul ph ur
Sjirings, W. Va.
do

.do.

do
WythevUle, Va.

.

.do.

.do.

.do....

.do....

Birdsview, Wash.
Clackamas, Oreg.
Leadville, Colo. .

.

Saratoga, Wyo...
Bozeman, Mont..

do
Clackamas, Oreg
Saratoga, Wyo
Spea rfish, S.'Dak . .

.

Central stalio 11,

Washington, D.C.
do

Gloucester, Mass
LcadViUe, Colo ,

St. Jotmsbury, Vt...

Spearfish, S. Dak. .

.

Craig Brook, Me.. .

.

St. Johusbury, Vt..

,

Cape Vincent, N. Y
Central station,
Washington, D. C

Nashua, N. H ,

WythevLUe, Va
Boothbay Harbor,
Me.

Duluth, Minn ,

Manchester, Iowa. .,

Spearfish, S. Dak. .

,

La Crosse, Wis ,

Erwiu, Tenn

Leadville, Colo

Clackamas, Oreg

Duluth, Minn
LeadvUie, Colo

Spearfish, S. Dak. .

.

Berkshire: Harts-
vUle, Mass.

Central station,
Washington, D. C

Northville, Mich

St. Johnsbury, Vt...
Cape Vincent, N. Y.

Central station,
Washington, D. C.

Green Lake, Me

Nashua, N. H
White Sulphur
Springs, W. Va.

Washington waters.
Oregon waters.
C()lora<io waters.
Wyoming waters.
Two Me<iicine l^akeand Grinnel
Creek, (ilacier Park, and other
Montana waters.
Do.

Oregon waters.
Wyoming waters.
South Dakota waters.
Pennsylvania waters.

Cavuga Lake, N. Y.
.Vtlanlic Ocean.
Twin l^akes, Colo.
AveriU Lakes and Lowell Lake,

Vt.; .'Silver Lake, Taylors Pond,
and Winnesquara Lake, N. H.

Reclamation Reservoir, S. Dak.;
Big Wind River. Wyo.

Pleasant Lake and Toddy Pond,
Me.

Lake St. Catherine, Vt.; Lake
George, N. Y.

Lake Ontario, N. Y.
Pcrkiomcn Creek, Lake Sheri-
dan, Paupack River, and
other Pennsylvania waters.

Merrimack River and tributaries,
N.H.

New River, Va.
Boothbay Harbor, Me.

Clearwater River, tributary of,

Mum.
Reserved for brood stock.
Spearfish Creek and tributaries,

S. Dak.
Spring Valley Creek and tribu-

taries, and other Wisconsin
waters.

Pigeon River and North Indian
Creek, Tenn.

Platte River, Rifle Creek, and
other Colorado waters.

Alder Creek and Clackamas and
Molalla Rivers, Oreg.

French and Sucker Rivers. Minn.
Platte Kiver, Rifle Creek, and
other Colorado waters.

Bear Butte, Horse, and Castle
Creeks, S. Dak.

Housatouie and Westfield
Rivers, .Mass.

Potomac and Beaverdam Rivers,
Md.

Au Sablo and Pcre Marquette
Rivers, Mich.

Crescent Pond, N. Y.
Horseshoe Pond, Salmon Creek,
and Neversink River, N. Y.

Potomac and Beaverdam Rivers,
Md.

Great Brook and Beaver Pond,
Me.

Cold and Nashua Rivers, N. H.
Cheat and Cranberry Rivers and

tributaries and other West
Virginia waters.
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Tbansfers of Eggs, Fiscal Year 1921—Continued.

Species.

Sockeye salmon

Steelhead sal-

mon.'

Whitefish-

Number
of eggs.

3,000,000
5,000,000

30,000
< 20, 000
25,000

10,000
25,500
58,000

750,000

750,000
59, 120, 000
10,000,000

From—

Afognak, Alaska.

.

do
Birdsview, Wash .

do
do

.do.,

.do.,

.do..

Cape Vincent,
N. Y.

Put in Bay, Ohio

.

do
do

To-

Quinault, Wash..
Yes Bay, Alaska.
Clackamas, Oreg.
Craig Brook, Me

.

Charlevoix, Mich.

Erwin, Tenn
Manchester, Iowa.
St. Johnsbury, Vt.

Central station,
Washington, D . C.
do

Charlevoix, Mich
Duluth, Minn

Final disposition of fry or finger-
lings.

Qiiinault Lake, Wash.
McDonald Lake, Alaska.
Columbia River, Oreg.
Pleasant River, Me.
Hortons Creek, Mich.

Reserved for brood stock.
Do.

Lake Tarleton, N. H.; Cayuga
Lake, N. Y.; and Peacham
Pond, Vt.

Cayuga Lake, N. Y

Do.
Lake Michigan.
Lake Superior.

* For exhibit—fingerlings deUvered to Pennsylvania Fish and Game Commission.
' Eggs from wild stock.
' Eggs from domesticated stock.
< This transfer was due to a misunderstanding of orders.

Propagation of Commercial Fishes.

The more important commercial fishes propa^jated by the bureau
are the salmons of the Pacific coast, the whitefish, cisco (lake her-

ring), lake trout, pike perch, and yellow perch of the Great Lakes,
the yellow perch of the Potomac, the carp in the Portage River sec-

tion of Ohio, the marine species—including the cod, haddock, pol-

lock, winter and pole flounders—the buffalofish in Louisiana, and
the anadromous fishes of the Atlantic coast—the shad, glut herring,

alewife, striped bass, and Atlantic salmon. A discussion of the
propagation of tliese fishes at the various stations during the fiscal

year 1921 follows. Data concerning the spawning seasons for the
species at the different stations are assembled in the table on page 72,

and the amount and cost of fish food used at the Pacific salmon sta-

tions are given in the table on page 75.

PACIFIC SALMON CULTURE.

With the recent increase in the cost of all labor and materials
the bureau has found it impossible to maintain the former magni-
tude of its Pacific salmon operations or to keep pace with the work
done along that' line by the various State commissions. The Yes
Bay (Alaska) station was temporarily closed in order that its

allotment of funds might be used to rebuild the water-supply line

and make repairs to the hatcherj^ and its equipment, such action

being essential to prevent complete deterioration of valuable Govern-
ment property. In the following pages is given a brief review of
the work of the hatcheries on the Pacific coast.

AFOGNAK ( ALASKA ) STATION.

[Edwin Wentworth, Superintendent.]

There was another excellent run of sockeye salmon in Letnik Lake,
and during the active spa^wning season, extending from July 31 to

September 24, 62,300,000 eggs were laid down in the hatchery. This
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is the fourth consecutive year that the eg^g collections have exceeded
50,000,000, and it would seem to indicate the permanency of the
reestablished run, ^Yllich was practically destroyed by the volcanic
eruption of 1912. In none of these years do the egg collections
afl'ord an accurate index to the numbers of fish entering the lake, as
it is the exceptional season when conditions are such as to permit
active iishing throughout the spawning season. Thus, many of the
lish annually escape to perform the spawning function under nat-
ural conditions. During the fiscal year 1920 upward of 79,000.000
eggs were taken, after which the packs were removed from the
spawning streams. It was estimated that not more than 50 |)cr cent
of the spawning salmon entering the lake were used. During the
season of 1921 the e^fi: collections did not fill the hatchery, as floods
during August prevented successful fishing.

Of the eggs collected 10,000,000 were transferred to other points,

5,000,000 going to the Yes Bay (Alaska) station, 2,000,000 to

Quinault, Wash., and 3,000,000 to the State fish hatchery at Bonne-
ville, Oreg^ in continuance of an effort to restock the Columbia
Kiver with the species. The eggs retained at the station Avere in-

cubated with a loss of G^ per cent. In view of the excellent run
of sockeye salmon that has entered Letnik Kiver during the past
four years, it may not be amiss to consider the opening of Letnik
Bay to commercial fishing for the species after it has been ascer-

tained that a sufficient number of fish has entered the lake to insure
a satisfactory number of eggs for artificial incubation. Tliis would
involve the installation of a rack, making it possible to count the
salmon passing through. It is believed the same rack would be
useful in excluding Dolly Varden trout and silver salmon from the
lake should this be considered advisable. The water temperature
at the beginning of the spawning period registered 52° F.; at its

close, 40°.

YES BAY (ALASKA) STATION.

[C. H. Van Atta, Superintendent.]

Fish-cultural work at this station was confined to the incubation
of the sockeye-salmon eggs transferred from the Afognak station,

4,025.000 fingerlings resulting from the 5,000,000 eggs received. Dur-
ing December 350,000 of the eyed eggs were planted in three local

lakes, which have been designated as Cannery Lake, Round Lake,
and Lake No. 2. These bodies of water do not at present support
a run of salmon, though they appear to be suited to the purpose.
A rather casual inspection of the lakes on May 17 disclosecl several

schools of sockeye-salmon fingerlings from 1 to H inches long.

Each school was estimated to contain from 25 to 75 fish.

In view of the extensive repair work in hand it was not possible

to take up fish-cultural operations on the usual scale. The repairs

were essential to prevent complete deterioration of valuable prop-
erty and were made from the funds usually allotted for propagation,
the special appropriation requested by Congress for the purpose
having been refused. The main features of the work consisted in

the installation of a new water supply and extensive repairs to the

hatchery building, including new foundation piling, new floors, and
a complete set of 240 hatching troughs. The water supply required
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approximately 4,000 feet of 18-inch and IG-inch wood stave pipe,

which was carried on a trestle from 1 foot to 2-i feet high, and 1,250
feet of 6-inch pipe to provide water for domestic use and for fire

protection. The trestle is made to accommodate a tramcar and
makes available for station use an excellent supply of firewood and
lumber, also, after the station has been equipped with a sawmill.
The work also included repairs to other station buildings and the
construction of a new launch. The station is now on an operating
basis again, and fish-cultural work will be resumed during 1922.

During the fiscal year 1920. a system of feeding young salmon
that had been in successful operation in the Washington field for

some time was tried at the Yes Bay station. An arm of McDonald
Lake, locally known as McDonald Slough, was temporarily screened,

and a considerable number of young sockeye salmon were placed

therein. The fish were fed regularly on salted salmon and made a

very excellent growth. The results of the experiment were so satis-

factory that piling has been driven to make the feeding inclosure

a permanent feature of the station's work.

BAKER LAKE (WASH.) STATION AND SUBSTATIONS.

[J. R. Russell, Superintendent.]

Necessity for economy has compelled the suspension of fish-cul-

tural operations at three of the field stations in the Washington
group in the past two years, and this has tended to reduce the output
in that region. The combined output of the Washington stations for

the fiscal year 1921, exclusive of Quinault, is 36,873,015, against

33.086,750 for the preceding year, 20,393,315 of the 1921 figures rep-

resenting fingerlings, as opposed to a production of 9,842,350 finger-

lings in 1921.

BAKER LAKE (WASH.) STATION.

Of particular interest in connection with the fish-cultural work in

this field was the excellent run of sockeye salmon at Baker Lake. The
run began on July 1, when 115 adult fish were taken, and continued
to August 13, the peak of the run occurring between July 20 and 24.

A total of 7,850 spawning fish were taken. The spawning period ex-

tended from October 10 to November 30. About 46 per cent of the

total brood stock, or 3,645 fish, proved to be gravid females and
yielded 11,750,000 eggs. This is the largest collection of sockeye-

salmon eggs obtained at Baker Lake, exceeding last year's record
collection by 600,000. The incubation period was unusually pro-

tracted, the first fry appearing on April 1, nearly three months later

than in the preceding year, and hatching operations were not com-
pleted until May 31. The long incubation season was attributable to

low water temperatures, brought about by cold spring weather and
late snowstorms in the mountains. Apparently there were no ill

effects to either eggs or fry. as the loss of eggs amounted to only 3.6

per cent, while the fry hatched seemed to possess the usual vigor.

Though it has not been possible to replace all equipment destroyed
by the fire of last year, all of the fry produced were retained in the
hatchery troughs to the end of the sac stage, this being effected

through the use of the stacked-tray system. There remained on hand
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at the close of the fiscal year 4 ,( )(»(),( )<)() of these youn<jj sahnoii, which
will he reared to a lar<^er size before liV)eratiiifj. In connection with
its rearinp: oj^erations the hiireaii is indebted to the fish and <iame
authorities of the State of ^^'ashin<J:ton, which furnished without
char<Te 1,000 cases of canned salmon '" do-overs" to be utilized as food
for the fish.

The improved run of sockeye salmon in B;dcer Lake seems espe-
cially noteworthy from the fact that for more than 2i) years the main-
tenance of the run of this species has depended almost exclusively on
artificial pro))a*ration. It has been the custom at this point to trap
all fish as they enter Haker Lake from the river and transfer them to
an inclosure near the head of the lake, where they are held until

ready to spawn. Thus, only the comparatively few fish which occa-
sionally escape the trap during high-water periods spawn naturally
in the lake.

In addition to the sockeye-salmon operations 700,000 silver-salmon
eggs Avere taken between November 17 and December 15. In i)ursu-
ance of the adopted policy of reserving Baker Lake so far as possil)le

for the propagation of sockeye salmon, these eggs were transferred
to the Birdsview hatchery immediately after being eyed.

HII:I)SVIEW (WASH.) SI'BSTATION.

The work of the Birdsview sul)Station, on tlie Skagit River, was
also successful. Its output of chinook salmon was larger than in any
previous year, and the collections of silver and steelhead salmon
eggs were above the average. This sulistation is now dependent
on the fish that enter Grandy Creek for its egg collections. The
trap in Phinney Ci-eek, formerly a valuable egg-producing stream,
was destroyed by floods two years ago, and since that time funds for

its replacement have not been a\'ailable. The success of the work at

this point is attril)uted largely to the favorable Avater stages which
prevailed throughout the s])awning season. The streams in this

locality are subject to sudden and violent fluctuation, and not in-

frequently at the spawning season the water is at such a low stage

as to make the ascent of fish difficult, if not impossible. Of ])assing

interest is the collection of 13.500 sockeye-salmon eggs from fish

taken in Grandy Creek, the result, apparently, of plants of that
species made by the bureau in Grandy Lake.

BRINNON. nrCKABUSH, AND QUILCENE (WASH.) SUBSTATIONS.

The propagation of chum salmon at the three substations on Hood
Canal—Brinnon, Duckabush, and Quilcene—was unusually successfid

from the standpoint of egg collections and numbers of fry pro-

duced. Thirteen million eggs of this species, taken in Walcotts
Slough, at the Brinnon substation, represented the largest number
of eggs taken in that region. The e<i*^ collections do not accurately

represent the numl)ers of sjiawning fish in the streams, since many
escaped during the high-water stages, which were frequent during
the spawning period and adversely affected the work at all points

on the canal.

There are two distinct runs of chum salmon in the tributaries of

Hood Canal. The spawning of the first, or summer run, occurs
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in September, while the late or winter run spawns from early
November to well into January, A peculiarity of this species is

that the fish in most instances are in spawning condition when they
leave salt water to enter the streams, and most of the eo^gs collected

in the Washington field are obtained in tidewaters. The increased
collections of chum-salmon eggs within the j^ast two years may be
attributed to the lessened activity of commercial fishermen, the low
prices prevailing offering but little inducement to fish.

There was a satisfactory run of silver salmon at the Hood Canal
substations, though e<^or collections fell below those of the preceding
year because the run occurred at a time when floods prevented the
successful operation of traps or seines, a condition that continued
to prevail throughout the spring spawning season of the steelhead
salmon.

QUINAULT (WASH.) SUBSTATION.

[Philo B. Hawley, Foreman in Charge.]

The fish-cultural w^ork at this substation during the year was less

successful than usual, the aggregate output amounting to only
5,820,800 as compared with 15,908,600 in 1920. Eggs at this point
are obtained from fish taken in traps or by other means in- the tribu-

taries of Quinault Lake, w^hich, like most streams in a mountainous
country, react quickly to climatic conditions, a heavy rain producing
flood conditions almost immediately. The waters rapidly subside
on the cessation of rain, while even a short period of dry weather
causes low water stages at all points. Fishing operations are con-
ducted in the streams at some distance from the hatchery, the eggs
being transported by canoe. Every season there are times when the
water stages in the upper Quinault and Big Creek, the principal
spawning streams, are so low that it is difficult to operate a canoe,

while at other times the water is so high that all traps are submerged
to a depth of 1 to 5 feet.

As it is characteristic of salmon to ascend the streams in the
greatest numbers during high-water stages, it is not surprising that
the egg collections should be subject to material fluctuation from
year to year. Thus, the number of eggs of any species taken is not
necessarily a just criterion of the number of salmon available at

spawning time. The remedy for this situation, from a fish-cultural

standpoint, is the construction of a trap at the lake outlet similar to

the one used at the Baker Lake station, whereby all the fish are taken
as they enter and are held in an inclosure until they are ready to

sjDawn.

The first sockeye-salmon eggs were taken November 3, and be-

tween that date and November 20 the entire egg collections for the

season, amounting to 1,750,000, were obtained. From November 20

to the time that efforts at spawn taking were abandoned, on Decem-
ber 15, high-water stages precluded all possibility of seining or fish-

ing by other methods. Local collections of this species were
augmented by the receipt of 2,000,000 eggs from the Afognak sta-

tion. The run of silver salmon appeared to be larger than usual,

and during the spawning season of that species, which is coincident

Avith that of the sockeye, 1,565,000 eggs were secured. A small num-
ber of chinook-salmon eggs was also taken. The run of chinooks,

which was apparently not large, was earlier than usual.
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The output consisted of 950,000 fry and 3,448,000 finjrerlin^rs of
tlie sockeye salmon, includinn; 1,500,000 fingerlings carried over from
the precedin<^ y«'ii% 1,398,000 silver salmon, and 24,800 chinook finger-
lings, with 1,()00,000 sockeyes remaining on hand at the close of the
fiscal year.

From time to time there has been some criticism regarding the
bureau's work at Qninault, particularly on the part of the Quinault
Indians. The substation is located on the Quinault Indian Reserva-
tion, and salmon fisiiing is the principal means of supjjort for the
Indians. P'ollowing the passage of regulations that had the effect

of restricting salmon fishing to some extent in the Quinault River, a
petition was submitted to the Commissioner of Indian Affairs, ex-
pressing the belief of the petitioners that the work of the hatchery
had been detrimental rather than beneficial to the fishery of the
river. The statement appeared to be founded on prejudice rather
than on fact. The results of artificial propagation at other points
do not bear out the contention, and in Quinault waters the fish taken
for ai-tificial ])ropagation represent but a small part of the fish reach-
ing the spawning grounds, probably not more than 10 per cent in any
season. Furthermore, for several years considerable numbers of
sockeye-salmon eggs transferred from the Alaska stations have been
incubated in the Quinault hatchery and the resulting fingerlings
planted in Quinault Lake or its tributaries.

Notwithstanding these facts, it was decided to try an experiment,
which it was hoped would furnish reasonably reliable data on the
results of artificial proj)agation as compared with natural reproduc-
tion. The plan suggesting itself was to take an accurate census
of tlie sockeye salmon entering Quinault River and Quinault Lake
for a period of years and by checking the returns from each year
involved to secure at the proper time the desired figures for com-
parison. During the first two years of this period no artificial

propagation of the sockeye salmon was to be conducted, and all fish

of that species entering the lake were to be permitted to seek their
natural spawning grounds for natural reproduction, this period to
be folloM'ed by two years of artificial propagation.
Conditions in Quinault Lake and Quinault River are particularly

favorable for the conduct of an experiment of this character. A
fairly accurate record of the number of fish taken by the Indians
as a commercial venture each season is available, and it remained
onl}'^ to obtain a count of the fish escaping the fishing operations in
the river as the}^ entered the lake on their way to the spawning
grounds. To accomplish this a row of piling was driven across the
outlet of the lake, approximately 700 feet at the site selected. Four-
inch mesh cotton webbing was attached to the piling in such a
manner as to prevent the fish from entering the lake except by way
of a IC-foot entrance provided in the weir at the point of deepest
water. This entrance was so arranged that the fish were forced to
pass near the surface of the water over a strip of white canvas, mak-
ing them plainly visible to the attendant located in a small building
on the i)iling above. Provison was also made for closing the en-
trance at times when the observer was not present. The first count
was made on April 14, when three sockeyes passed over the counting
entrance, and was continued to June 10. The results of the census
are indicated in the following table:
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Date."
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CLACIiAMAS (OREO.) STATION ANI> SUBSTATIONS,

[H. C. Mitchell, Superintendent.]

Under this heading are included the four Federal fish-cultural
stations in the State of ()re<j^on, two located on the Wasliin<rton side
of the Columbia Kiver, with one e<!:<j:-col lectin*^ station on the
Washougal Kiver, also in the State of Waslun<;ton, and another on
the Snake River, near Salmon, Idaho. The a<^^regate egg collec-

tions during the fiscal year 1921 were 42,912,320, and though the
chinook salmon predominates in the work all species of the Pacific
salmons excepting the sockeye and including the steelhead are repre-
sented. The shad is also propagated at Willamette Falls, Oreg.,
and the output is further augmented by the incubation of eggs of
other species obtained by transfer from vaiious points, and the
distribution of the resulting fish in Oregon, Washington, and Idaho
waters. The species thus transferred consist of brook trout, rainbow
trout, blackspotted trout, and sockeye salmon.
In line with the very general belief, which appears to be well sub-

stantiated by reliable investigators, that much greater returns may
be expected from the planting of larger-sized fingerling fish, particu-
larly in the case of the chinook salmon, it has been the policy to

develop facilities as rapidly as possible for this purpose. The
stations in the Oregon field have an excellent record in this resi)ect.

During the fiscal years 1919-20 and 1920-21, an aggregate of approxi-
mately 83,500,000 fish from 2 to 3^ inches long have been planted in

suitable waters of the State. These consist largely of the chinook
salmon, though, as mentioned before, smaller numbers of brook, rain-

bow, and blackspotted trouts and steelhead salmon are included.
In contrast with the conditions that obtained during the previous

spaw^ning season of the salmon, when low-water stages at all points
handicapped the work, floods prevailed in most of the streams dur-
ing the season covered by this report. While it was not possible
to state with accuracy to what extent the operations were curtailed

by the floods, there is reason to believe that w^ith more nearly normal
weather conditions the aggregate collection of eggs would have ex-

ceeded that of any preceding year and that at some points the eggs
available would have been in excess of hatcher}^ capacity.

CLACKAMAS (OREG.) STATION.

Though the racks installed in the Clackamas River in connection
with operations at Clackamas station were of unusuallj^ substantial
construction and remained intact through two severe freshets they
were carried away on October 3, and the egg-collecting season ended
on that date. Though a very fair number of chinook and silver

salmon had collected between the racks prior to their destruc-
tion, conditions in the river w^ere such as to render the laying out
and operation of a seine impossible. Consequently, the egg collec-

tions were reduced very considerably, totaling only 360,000 of the
chinook salmon. Shad culture at Willamette Falls during July re-

sulted in the collection of 2.119.000 eggs of that species. Transfers
of eggs from other points were made as follows : 8.166.000 chinook
salmon from Snake River (Idaho) station, 100,000 chinook salmon
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from Little White Salmon (Wash.) station, 100,000 blackspotted
trout from Montana Fish and Game Commission, 25,000 black-
spotted trout from Yellowstone Park, and 197,000 brook trout and
96,000 rainbow trout from Springville (Utah) station.

UPPER CLACKAMAS (OREG.) SUBSTATION.

The spring run of chinook salmon in the Clackamas River was the
largest for a number of years, and egg collections of that species at

the Upper Clackamas substation exceeded the previous season's
record collection by nearly 800,000. Racks were installed early in

July and fishing operations continued until September 16, when
high water permitted the escape of all remaining tish, probably two-
thirds of all the fish intercepted by the racks getting away at this

time. There has been a most decided improvement in the annual run
of spring chinooks in this stream, and the station, though small, is

of importance to the fisheries of the Clackamas River. Because of
its exceptionally attractive and convenient location and its well-kept
condition it is a point much favored by visitors. Unfortunately,
the Clackamas River is difficult to protect against the poacher, and
illegal fishing is prevalent.

LITTLE WHITE SALMON AND BIG WHITE SALMON (WASH.) SUBSTATIONS.

There was a lighter fall run of chinook salmon in the Columbia
River in the fall of 1920 than has occurred for several previous
years. To offset tliis there were not the intensive fishing operations
witnessed throughout the period of the war, and the demand for

chum and silver salmon was particularly light. As at all points
in the Oregon field, the persistent high-water stages throughout
the spawning period rendered the work of the spawn-taking crews
difficult and hazardous, and at times the streams were quite beyond
control. The run of chum salmon was of fair proportions, but it

occurred at a time when it was possible to obtain only a limited
number of eggs, and only a small proportion of the fish were ob-

tained for propagation. During the run of silver salmon the floods

were so severe as to make fishing impossible; therefore no eggs of
this species were recorded.

The collections of fish eggs at the Little White Salmon substation

for the year consisted of 16,950,000 chinook salmon (of which
2,000.000 were sent to the Big White Salmon substation and 1,100,000

to the Clackamas station) and 5,162,000 chum-salmon eggs. This
substation also handled 30,000 sockeve-salmon eggs transferred from
the Washington field. At the Big White Salmon substation 5,005,000

chinook-salmon eggs represent the total egg collections.

ROGUE RIVER (OREG.) SUBSTATION.

Operations at the Rogue River substation suffered less from the
prevalent floods than at any other point in the field, and 4,438.000

chinook sahnon, 506,000 silver salmon, and 121,500 steelhead salmon
eggs were secured. There were on hand at the beginning of the year
49,500 blackspotted trout, 886,000 steelhead salmon, and 197,000 rain-

bow trout fry, all of which entered into the distribution from the

station later in the year.
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APP1.KGATE (OHEG.) SUBSTATION.

At the other substation in southern Oregon, on Apple^rate Crwik,

the rainfall was excessive, and while higher water stages are fre-

quently witnessed in the stream than occurred at any time during

the season of 1921 still the amount of water carried during the year

was unusually large. Placer mining at points on the creek above tlie

station has resulted in large deposits of gravel at the fish barrier

which will necessitate some changes before the next spawning season.

Egg collections were unusually light, as most of the spawning fish

escaped over the racks. The results of the season's egg collections

were 8(),()0{) chinook salmon, 3G,()00 silver salmon, and 55,000 steel-

head salmon.
WASHOUGAL BIVKR (WASH.) SUBSTATION.

The substation on Washougal River was opened on April 15, and
359.000 eggs of the steelhead salmon were obtained. High water and
the lumber work on the rivei- were both sources of trouble and in-

terfered with tiie egg-collecting work. From the collections ship-

ments of eyed eggs were made to the New York Conservation Com-
mission, to the Clarke County Game Commission at Vancouver,

Wash., and to the Montana Fish and Game Commisison in exchange

for blackspotted trout eggs.

Some unusual features have been observed in connection with the

work at this point. Last season it was noted that the fish remained

quietly in the pools below the dam, showing but little inclination

to ascend the river. Furthermore, the eggs secured were of poor

quality, only 29 per cent of them producing fry. It is doubted if

eggs of first qtuility were obtained from any of the female fish

handled. The cause of this unsatisfactory condition was not ascer-

tained, but the theory was advanced that the newly erected dam wdiich

stops the fish many miles below their wonted spawning grounds was
responsible. In view of the excellent quality of the steelhead eggs

taken at other points under very similar conditions, this theory is

not altogether tenable. During the season of 1921 the quality of the

eggs olitained was much better, though a considerable number of

fish were taken in which small undeveloped eggs were distinguishable-

There was nothing in the appearance of the fish to lead one to

suppose they would spawn during that season. It is a condition not

pre\ iously observed at any point, and it is more or less perplexing.

It may be analogous to recorded instances of Atlantic salmon seeking

their spaw^ning grounds in fresh-water streams a full year in advance

of the time they were ready to perform the spawning function and
remaining there until that purpose was accomplished.

SALMON (IDAHO) SUBSTATION.

The results of the season's work on the Snake River were very

satisfactory. The racks were installed in Lemhi Creek before the

end of the' fiscal year 1920, and a good run of fish appeared early in

July. Spawning began on August 14, and between that date and

September 1, G.000.000 eggs were secured, filling all available space

in the eyeing station troughs. Immediately after this the racks

were removed, and the fish remaining in the stream were permitted
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to ascend to their natural spawning grounds. It is probable that
the numbers of fish thus released for natural spawning exceeded
those involved in the egg collections. This substation is located

within 10 miles of the " top " of the Rocky Mountains, in the State

of Idaho, and to reach this mountain stream for the accomplishment
of their supreme mission in life the sahnon travel approximately
1,500 miles without food after entering the Columbia River at

Astoria, Oreg. The conditions which w-ere observed here in regard
to the splendid spring run of chinook salmon were not confined to

the Snake River. Similar conditions w^ere observed in all tributaries

of the Columbia River frequented by the so-called spring-run fish.

Very excellent results in the rearing of young salmon have been
obtained from the use of a comparatively new^ article of fish food.

This is the immature spawn of the salmon taken by the commercial
fishermen. The spawn is purchased at a comparatively low cost

and held in cold storage until needed. In commenting on its value
in his annual report for 1920 the superintendent of the station states:

The salmon fry fed on salmon spawn and beef spleen produced remarkably
fine fingerlings. It is by far the most satisfactory food that lias ever been
used in this field. No trouble was experienced with the fish at any point
where its use was adopted. They were uniformly sturdy and readily accepted
it throughout the year.

While the expense involved in feeding fish on an extensive scale

is considerable, in view of the quite general belief that the future

supply of salmon in the Columbia and other rivers of the State is

dependent very largely on the numbers of fingerling fish released

from the hatcheries, the work is considered of first importance.

Because of the long period during which so little is known of the

life of the salmon—from the time of the seaward migration as a

fingerling or yearling until its return for the reproduction of its

kind—it is difficult to effect any positive check on the ai^tual results

of hatchery work. Nevertheless, the evidence in favor of the work
at certain points, notably in the Columbia, Clackamas, and Rogue
Rivers, is of a convincing nature, and it appears to fully warrant
the expense necessary to continue the feeding and intelligent plant-

ing of fingerlings. Upward of 68,000 pounds of fish food was used

at the stations in the Oregon field during the fiscal year 1921. The
details are given in the table of fish food on page 75.

BAIRD ( CALIF. ) STATION AND SUBSTATIONS.

[W. K. Hancock, Superintendent.]

In this field are to be recorded a number of untoward circum-

stances resulting in a serious curtailment of the fish-cultural work.

From the fall run of fish the aggregate egg collections for the entire

field amounted to 7.910,000, as^compared with 11,785,000 the preced-

ing year, which included 1,349,700 eggs of the spring run chinook

salmon taken in the McCloud River at Baird.

Racks were again installed in the McCloud River in time to inter-

cept the spring run of chinooks, but no fish appeared. This is di-

rectly attributable to the dam erected in the Sacramento River at

Redding for irrigation purposes. This dam had the effect of divert-

ing into the irrigation ditches most of the water in the river during

periods of low-water stages, and though an opening was left in the



PROPAGATION AND DISTRIBUTION OF FOOD FISHES, 11)21. 27

(lam to permit the passage of fish it was never effective. The matter
of i)i-ovi(lin<!: a suitablo lishway was taken up with the California
Fish and (Jame C'onnnission, and at the close of the year the case was
pendinji; in the courts.

There was a very lar<2;e run of fall chinooks in the Sacramento
River, and while the early fall was marked by low-water stages it

was estimated on November 15 that there were enough fish imjjounded
at the Battle Creek substiUion to yield not less than 15,( )()(),()()() eggs.

At Mill Creek the run was even larger, and the egg collections for

that substation were estimated at not less than 3(),()00.()()0. Beginning
November 20 several days of heavy rains occurred, bringing about
flood conditions of unusual severity. Many miles of territory, in-

cluding j-ailroads and highways, were under water. The retaining

racks at all points were destroyed and spawning operations abruptly
brought to a close.

At the Battle Creek substation 2,450,000 eggs were taken, of which
504,000 were transferred to Baird for incubation and 20.000 shii)|)e(l-

to central station, Washington, D. C, for exhibition. The remainder
were hatched successfully, and 1.781,000 fingerling fish were planted
in Battle Creek. At the Mill Creek substation r).4()0,000 eggs were
secured, of which 1,000,000 were shipped to Baird and 3,000,000 to

the State hatchery at Sisson. From the remainder 1,347,400 finger-

ling fish were produced at the station.

INVESTIGATIONS AND EX1'ER13IENTS.

FERTILIZATION OF SALMON EGGS IN NATtJBAX SPAWNING.

At many points on the Pacific coast certain species of salmon,
notably the humpback and chum, spawn at or near the mouths of
streams in tidcAvater. A rather general belief has existed that the

results of such natural spaAvning were negative, and in order to ob-

tain information on the subject the field superintendent in charge of
the Pacific coast stations and the superintendent of the Baker Lake
(Wash.) station w^ere detailed to investigate these conditions in

Puget Sound. The report of their findings follows

:

In conforniity with instructions relative to securinij: information on tlie per-
centage of fertilization of salmon eggs in natural spawning, with special refer-

ence to the eggs deposited in places over which the tide ehhs and flows, an
investigation was made of Walcott Slough, at Brinnon, Wash., on March 5,

1920.
Walcott Slough runs through extensive tide flats, which at flood tide are

completely covered with salt water. During ebb tide a good flow of fresh
water, estimated at about 3,000 gallons per minute, passes through the slough,
its^ source being spring seepage at the slougli head. The flsh—chum salmon
with a few silver salmon—enter this slougli to spawn, the entire slough bottom
being composed of gravel suitable for the purpose. The bureau has a rack and
trap installed at a favorable point in the slough, about .WO yards from salt

water, where tlsli ai-e captured for propagati<tn. Kelow the rack some natural
spawning occurs, and this occupied our attention. Several nests were in-

vestigated, all but two of which contained eggs. These two might possibly
have been made last year, though they had the appearance of being used quite
recently. Eight nests were examined, beginning with No. 1 (.see table, p. 28)
just below the trap, about .500 yards from salt water at low tide, and ending
with No. 8, about 200 yards from the same water stage. During flood-tide

periods SJilt water covered the nests from three to six and three-fom-fhs hours
to a depth of 1^ to 5^ feet. This will vary somewhat with higher or lower
runs of tide.

The condition and character of the bottom wherever nests were found would
indicate that the flsh chose points where spring seepage occurs through
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gravel from 1 to 4 inches in diameter. Here the eggs were buried from ap-

proximately 8 to 16 inches deep. When the eggs were reached, the gravel was
found to be absolutely clean, more especially where the good eggs were secured,

with a coating of fine sediujent on top, indicating a circulation of fresh spring

seepage water at all times. Anticipating this condition, a common trough

was installed in the slough, with a circulation of fresh water assured at a low
tide, but which at flood periods would be covered from 1* to 4 feet with salt

water without any circulation. The trough was filled with gravel, through
which about 25,000 eggs were carefully mixed. A tight cover was then

fastened on the top. with sutficient space left at both ends for proper circula-

tion. The eggs were placed in the gravel on December 18, 1919, inunediately

after being fertilized, and on examination, on March 5, 1920, they were found
to have hatched with an estimated loss of about 30 per cent. The fry appeared
to be extremely active and healthy. The bad eggs were nearly all decayed
and broken but had the appearance of having been fertilized and the embryo
partially developed.
This would lead us to believe that an entire salt-water supply, with as low

a density as 1.010 for an extended period, is injurious but not absolutely fatal,

and it strengthened our belief that where fish spawn naturally within tidewater

area the eggs are deposited where they receive a circulation of fresh water, as

before stated. Samples of eggs were taken from each nest, and, contrary to

Mr. Robertson's theory and observations in hatching eggs in gravel, the infertile

eggs were chalky white when first observed in the gravel. The alternating

salt and fresh water may be a contributing cause, though where a continuous
circulation of fresh water seeps through the gravel it would appear difficult

for salt water to penetrate sufficiently to have much influence on the eggs.

Our observations led us to believe that the infertile eggs might be accounted
for largely by a scarcity of male salmon. However, there is a possibility that

spawning might have occurred wholly in salt water, which may prevent the

action of the eggs necessary to proper fecundation. As all but a few of the

fish entering the slough were taken in the trap, and as the males are usually

the first to ascend, it is not improbable that most of the males entered the

trap, thus reducing the possibility of successful natural spawning at the points

where observations were made. The table would indicate enormous losses

through natural spawning, but as conditions were not absolutely normal, we
would not care to be too emphatic from this meager survey.

To obtain full information relative to the foregoing it would be necessary

to extend observations over the entire spawning season. Each nest should be
marked and accurate data produced as to the number of fish depositing in each
nest, together with all natural and unusual occurrences noted.

Results of Examinations or Fish Nests, Walcott Slough, Brinnon, Wash.,
March 5, 1920.

Nests.
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HATCHING EGOS IN GRAVEL.

At the Afognak (Alaska) station an experiment in hatching eg^s
in gravel after the so-called Robertson method was undertaken dur-
ing the season of 1020. Eggs to the number of 5,5( )().()()() were placed
in two old liatcliing troughs, mixed thoroughly with gravel, and
bedded in the bottom of the creek. The trouglis were fitted with
a cover antl water was introduced through a 1-inch pipe leading
from a small dam, so that there would be a gradual (low through each
trough. The intake of this pipe was carefully protected by a screen.

On opening the troughs in the spring it was found that very few
of the eggs had hatched. Though the winter was a mild one it is

probable that the eggs had been frozen, as there had been a very
light fall of snow, leaving the creek unprotected, and frost may have
penetrated to a greater depth than in seasons of lower temperature.
Eggs placed in gravel boxes patterned after the Robertson plan and
held in the hatchery developed nicely, and the majority of the fry
remained in the gravel until the yolk sac was absorbed.

SUGGESTIONS FOR POSSIBLE IMPROVEMENT AND ENLARGEMENT OF WORK.

Further extension of the feeding operations at all stations where
chinook, sockej^e, and silver salmons are handled is desirable. This
would necessitate an increased allotment for the Pacific coast work,
since at the present time there is not sufficient capacity or funds to

feed all stock resulting from the eggs collected. In fact, it has
been necessary to close certain substations and cuHail expansion in

all fields. The extension of operations in other fields is essential if

the work is to be kept at its highest efficiency. The take of eggs at

many of our stations has been reduced through extensive commercial
fishing operations during the period of the war, when heavy demands
were made for this class of food, and it will take many years to re-

store the streams to their former productiveness.
The small statutory salaries provided for the loAver grades of the

bureau's service and the consequent inability to maintain a trained
and efficient personnel have been important factors in the declining
output. Because of these conditions it has been necessary to employ
and train new men at most points every season, and as competent
men could not be secured or retained at the statutory wage provided
station allotments have been drawn upon in many instances for the
employment of temporary help at the prevailing high wages, thus
greatly reducing the funds available for actual propagation work.
The returns from the marking of young salmon on the Columbia

River and at other points have not been wholly satisfactory. One
reason for the small returns from these experiments may be the fact

that it has been the custom to hold the fish intended for marking
for several months beyond the natural spring migration, and this

may have had a serious effect on the life of the fish involved. The
thought has occurred that better results might be secured if the fish

used in the marking experiments are held over one year, or until the
migration of the following spring. The results of the marking ex-

periments also suggest the desirability of a more thorough study of
the early life of the salmon, with the view of correcting any possible

weaknesses in present methods of propagation and distribution.

This is a phase of the work that is respectfully referred to the
division of scientific inquiry.
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One of the greatest needs in connection with Pacific salmon propa-

gation is more adequate protection for the fisheries through the

enactment and rigid enforcement of restrictive legislation. The
regulations should provide (1) for the return to the waters unin-

jured of all immature fish that may be taken in nets or otlier fishing

devices; (2) for a weekly closed season, thus assuring ascent to the

natural spawning grounds of a certain proportion of the unripe
fish; (3) for cessation of fishing operations after the canneries have
put up a fixed number of cases, the limit of the pack to be deter-

mined by investigations in each locality, which must be such as will

permit the escapement of a sufficient number of fish to insure con-

tinuation of the run in each locality; (4) for systematic destruc-

tion of Dolly Varden trout in salmon streams, these fish having been
found to be among the greatest enemies of young salmon; (5) for

setting aside natural lakes for use as salmon-rearing reservoirs; (6)

for seeding of eyed salmon eggs in the more inaccessible lakes, in

order that the young may pass the early stages of their existence

in waters wdiich are comparatively free from natural enemies. Dur-
ing periods of flood the fish in these lakes would pass from them over

slight falls and through the intervening rapids, entailing little loss.

In certain barren lakes the application of such a plan would necessi-

tate tlie provision of a food supply. Work of this character has
already been undertaken in a limited way in the vicinity of the

Yes Bay (Alaska) station.

The tray system recently introduced in connection with the propa-
gation of salmon at the western stations is proving a very important
factor in the work. The eggs are carried in the regular baskets

until within two or three weeks of the hatching period, when they
are transferred to 14 by 16 inch trays, made of 1 by 1| inch lumber
and covered with wire cloth 14 to 16 meshes to the inch. From
3.500 to 4,000 sockeye-salmon eggs are placed on one of these trays.

The traj^s are stacked from 6 to 8 deep in a trough compartment,
thus increasing the holding capacity of a 16-foot trough from six

to eight times and permitting the safe development of 300,000 to

400,000 fry in a space which was formerly required for 50,000. The
fry are carried in dark, deep pockets, with the view of providing,

so far as possible, the seclusion afforded in natural hatching, as it is

believed they will develop under such conditions all the character-

istics of gravel-hatched fry.

Another favorable feature is the more compact arrangement of the
hatching apparatus, which permits of a much better control of the

fry than under the basket and open-trough system. While it is

entirely practicable to spread the green eggs on the trays directly

and continue using them throughout the incubation period and up
to the time the fry are ready to be fed, it has been found more satis-

factory to carry the eggs in the baskets to the point of hatching and
then transfer them to the trays, as such an arrangement permits of
a thorough cleaning of all apparatus involved. Writing in regard
to the use of this system, C. H. Van Atta, superintendent of the Yes
Bay (Alaska) station, states

:

Sixty thousand sockeye-salraon fry were placed on 12 trays, each 134 by
25 inches in dimensions. The trays were stacked in one regular basket com-
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partment of the hatching trough and held thus from March 12 until lb»? yolk

sac had l)een completely absorbed, on June 7. The total loss of fry during this

period was ISO.

Without the trays only about 50,000 salmon fry can be safely

carried in a standard IG-foot hatching trou<i;h throii<^h the sac sta<^e.

It would therefore appear that by the use of this system the fry

capacity of each trouj^h is increased by approximately 200 per cent.

J. R. Russell, superintendent of the Baker Lake station and its

auxiliaries, in the State of Washino;ton, writes:

Tlie stacked tray system for holding fry during the sac stage was tested

this year for the first time, 1.000 of the trays being in use at the Baiter liake
hatchery, with 11.000 fry to a tray and 4 tray.s in caeli basket conii)artnient,

making a total of 264,000 fry per trough. The systeui proved an entire success.

The loss was small. The danger from smothering, which sometimes occurs
when large numbers of fry are held on the trough bottoms, appeared to be
entirely olinunated, and the "paddling" of the fry, which is essential in the
trough, is rendered unnecessary.

From this .statement the trough capacity appears to be even greater
than was indicated by the experiment at the Yes Bay station. Dur-
ing a pei'iod of water scarcity at the Baird (Calif.) station the trays
were successfully used to economize in space and water.

PROPAGATION OF FISHES OF THE GREAT LAKES.

The bureau's work in the propagation of the commercial species

indigenous to the Great Lakes extends from the Rainy Lake region,

in Minnesota, to Lake Champlain, in Vermont. I^^nder existing

conditions the w^ork in this field fails of its fullest efficiency througli

a lack of adequate facilities. An example of this condition is sug-
gested in the possibilities that exist in the propagation of pike perch.
In the Rainy Lake field, where pike-perch propagation has Ijeen

tried in a tentative way, arrangements may be concluded Avith the
Minnesota Fish and Game Commission for the establishment of a

small inexpensive hatchery, to be operated jointly by the bureau and
the State as an adjunct of the Mississippi Valley work.
Another important pike-perch field awaiting development is in

Saginaw Bay, Mich., this region offering greater returns for a given
expenditure of funds than any other of which the bureau has knowl-
edge. AYith an inexpensive but well-equipped hatchery, located in

the lower section of the bay, the bureau would be in a position to save
the immense numbers of eggs—estimated to be over a billion a year

—

which are now being sent to market in the fish and lost.

At the pike-perch substation located near the head of Lake Cham-
plain, at Swanton, Vt., large numbers of pike-jDcrch eggs are lost

every spring because of inadequate facilities. Before any appre-
ciable improvement can be expected at this station it will be neces-

sary to provide an efficient penning s^'stem, so that the large numbers
of partially ripe fish taken by commercial fishermen may be held
under favorable conditions awaiting the full development of their

eggs.
.

So far as the propagation of whitefish, lake trout, and cisco (lake

herring) is concerned, there has been no notable change in recent

years either in methods pursued or the fields occupied. Probal)ly

the greatest improvement in this branch of the work, both as regards

100267°—22 3
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equipment and extent of territory covered, has been in connection

with the operations at the Cape Vincent (N. Y.) station. Within
the past year the capacity of the hatcliery at that point has been

increased approximately 150 per cent without increasing the floor

space, this being made possible by the construction of a new and
compact type of battery for the glass jars used in the incubation

of these eggs. A cut of the battery showing the placing of jars

and other details is shown herewith in P'igure 1. The scope of the

station's field operations has been materially enlarged through close

cooperation with the New York Conservation Commission and the

Dominion and Provincial fisheries authorities of Canada. At the

present time the most prolific field occupied is in the vicinity of the

Bay of Quinte, on the Canadian side of Lake Ontario.

The great need in all branches of fish conservation is effective,

stringently enforced protective legislation. Simple, easily under-

stood, and easily remembered fishery laws are always desirable, but

in the Great Lakes regions the fault probably lies not so much in the

character or wording of present laws as in the lax enforcement of

legislation now on the statute books. A close season, varying in

length to meet local conditions, should be established for all species

in the Great Lakes region, and no commercial fishing should be per-

mitted until 40 per cent of the fish on the fishing grounds are in

spawning condition, this fact to be determined by the use of set nets

operated under supervision. The State laws should provide that

commercial fishermen operating during the spawning period be re-

quired to turn over free of charge to designated agents of the bureau

or the State the ripe eggs of all fish taken. In the framing of the

laws more stress should be laid upon the legal size of fish than upon
the size of the mesh of seines or nets, and a moderate percentage of

small fish should be allowed. In connection with this feature of the

work the importance of uniform laws governing all persons alike in

a given locality is not to be overlooked. In order to bring about the

greatest good, such laws must in their application be not only inter-

state but international.

The aggregate output of this group of stations, including the

hatchery on Lake Champlain, where pike perch and yellow perch are

propagated, amounted in round numbers to approximately 1,158,-

000,000 eggs, fry, and fingerlings, as against 886,000,000 in the pre-

ceding year. The increase may be attributed largely to more favor-

able Aveather conditions prevailing throughout the spawning seasons

of the species handled. By way of contrast in climatic conditions as

they aifect fish culture, the work in the Great Lakes region during
the spawning season of 1920 suffered generally from severe cold and
violent storms. During the spawning season of 1921, while stormy
weather was encountered at certain points, the work was interfered

with principally by unseasonably warm weather, resulting in water
temperatures too high for the best results in artificial incubation.

This branch of fish culture has for many years received the hearti-

est support of the interests most directly benefited by the work, and
that these interests still have faith in the efficacy of artificial propa-
gation is evidenced by the many letters received from them, com-
mending the work and urging its extension. While the figures given

for the output of the Great Lakes represent largely such commercial
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species as the whitelish, lake trout, cisco, i)ike perch, and yellow

perch, they also include brook trout, rainbow trout, and small mouth
black bass, which species are produced in limited numbers at several

of these stations.

DUIiUTH (MINN.^ STATION.

[S. r. Wires, Superintendent.]

The spawninir season of the lake trout in Lake Superior fields, on
which the Dululh luitchery depends for its stock of e^fis, be<i;an about
four days later than usual at nearly all points, the bulk of the egfj^s

beiiiir taken between October 17 and November 1, thoun;h in the
vicinity of Isle Royale, Mich., small lots were secured at intei'vals

from the last week in Sei)tember to about the middle of November.
The run of fish was irreo;ular and the e*;": collections li^rht, the total

airgre<rating only l!2,72G,r)()0, or little more than half the take of an
avera<!:e season. On account of unseasonable weather and water con-
ditions, poor transportation facilities, and a lack of ice at some of the
more isolateil fishei'ies, the quality of the egfrs obtained was so im-
})aire([ as to cut down the output of lake trout from this station to a
total of 6,8T9,r)0(), of which 175,000 were eyed e^fJTS, shipped on as-

signment to other hatcheries, 6.0.57,000 fry, and 147,500 fin<rerlinfr fish.

In the course of the lake-trout spawninfj season 1)40,000 white-
fish ecrgs were collected in the Isle Koyale field, and on January 6

this number was augmented by the receipt of 10,000,000 eyed eggs
of very good quality from the Put in Bay (Ohio) hatchery. The
combined stock yielded an output of 9,600,000 fry, all of which were
planted in good condition, in various parts of Lake Superior. The
station also distributed the product of 150,000 brook-trout eggs re-

ceived from a commercial hatchery in New England and two con-
signments of rainbow-trout eggs, aggregating in the neighborhood
of 100,000, the latter being transferred to the station from western
hatcheries of the bureau.

In cooperation with the Minnesota fisheries authorities the force

of the Duluth station established and operated two field stations for

the collection of pike-perch eggs during the spring—one on the Rat
Root River and the other on Boy River, a tributary of Leech Lake.
The bureau's share in the proceeds of these operations amounted to

13,680,000 eggs. At Boy River the work was not altogether suc-

cessful, as more than 98 per cent of the fish taken had deposited their

eggs previous to capture. This may have been due to the unusually
low water stages that obtained in the early part of the season, the

fish not being attracted to the streams and spawning in the shallow

waters of Leech Lake.

NORTHVILLK (MICH.) STATION AND SUBSTATIONS.

[W. W. Thayer, Superintendent.]

There was a further decrease in the number of whitefish and lake-

trout eggs secured from Lakes Michigan and Huron, two causes for

which are assigned—the State laws and inexperienced and unreliable

spawn-takers. lender the present laws fishermen are permitted to

use an unlimited number of nets during the fishing season and are

not required to make any provision for the salvage of ripe eggs taken.
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The effect of this is that so many nets are operated by the fisher-

men that they are not able to lift them at proper intervals, and the

fish taken are either dead or the quality of their eggs impaired.

During the spawning season in the fiscal year 1921 there was a

good catch of fish and weather conditions were generally favorable,

but for the reasons stated the egg collections were unsatisfactory,

both as to quantity and quality. This applies to both the lake trout

and the whitefish. The egg collections amounted to 30,876,000 of

the lake trout and 12,080,000 of the whitefish, and all of them were
incubated at the Charlevoix hatchery. The loss on the former

amounted to 59 per cent and on the latter to 51 per cent. The
output of the station was augmented by the transfer of 59,120,000

whitefish eggs from the Put in Bay station and 25,000 steelhead eggs

from the Birdsview (Wash.) field, the fry from both lots entering

into the general distribution.

The pike-perch work on Saginaw Bay was fairly successful, but it

does not represent by any means the potential value of this region

as an egg-collecting field. The spawning season extended from
March 26 to April 16, during which period 284,290,000 eggs were
taken. Of this number 54,050,000 were deposited on the spawning
grounds after being fertilized and 223,200,000 were sent to the De-
troit hatchery of the Michigan Fish Commission for incubation.

The importance of the work in this field has been mentioned on sev-

eral occasions and funds should be forthcoming to place hatchery

facilities in this field for the full development of the work.

From the Northville station there were distributed 475,000 brook-

trout fry and fingerlings, resulting from eggs purchased of commer-
cial fish-culturists, and 90,500 rainbow trout were produced from
eggs transferred from the West Virginia and Missouri stations of the

bureau. Approximately 31,200 smallmouth black bass reared from
the Northville station brood stock were also distributed, and at the

close of the year there remained in the station ponds about 75,000

bass and 2,000 rainbow-trout fry.

PUT IN BAT (OHIO) STATION.

[S. W. Downing, Superintendent.]

Owing to quite generally favorable weather conditions in Lake
Erie and to the close cooperation of the commercial fishermen, the

Avhitefish work of the Put in Bay station resulted very satisfactorily,

though the spawning season was unusually late. Between November
20 and December 12 eggs to the number of 376,500,000 were collected

from fishermen operating in the various fields and placed in the Put
in Bay hatchery. Of these, 141,060,000 were secured in the vicinity

of Port Clinton, Ohio; 93,840,000 at Isle St. George; and smaller

numbers from the fisheries around Toledo, Middle Bass Island, and
Catawba Island. In the former prolific whitefish field near Monroe
Piers, Mich., no eggs whatever were obtained, as fishing operations

were brought to a close very early in the spawning season by a heavy
and protracted wind and rain storm which came on just as prepara-

tions had been completed for the penning of the partially ripe fish.

Shipments of green and eyed eggs aggregating 139,870,000 were for-

warded to various State and Federal hatcheries and 7,000,000 fer-
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tilized o^'<j:s wore ilopositcd on the reef's where taken. Tlie remaining
stock prochued IGT.aOO.IKK) fry, which were liberated on the spawning
g:roiuuIs in the lake, care bein<j: taken to scatter them over as wide an
area as ])ossible. The incubation period was shortened by the un-
usually mild winter, averafjinj^ only 119 days, in a mean temperature
of l\H-l° V.

The hiirh-water temperatures prevailinp^ durin<; most of the wnnter
brouirht on ar-run of pike perch in March, and some of the commer-
cial lishermen reaped very «r<)<)d returns durinji^ the latter part of
that month. No spawning lish were in evidence in March, however,
and the run throu<rhout the entire season was characterized by the
very small number of spawners included in it. E(j<;-collectin«j oper-
ations e.xtended from April 5 to April 24, but the number of e<;gs

taken was proportionately small. Despite the fact that the fisher-

men were will in*/ and anxious to act on any sugjjestion with a view
to obtainin<r <i-ood eg<j:s, the quality of the eg'gs was uniformly poor,

bein<r about the poorest, in fact, ever noted in eojjrs handled at the
station. The total of 11 1.600 ,000 laid down in the hatchery yielded
only 12,000,000 fry. These were stronj^ and active, however, and
the entire output was liberated in good condition on the spawning
grounds in the lake.

Soon after the middle of May the carp propagation work, inaugu-
rated two seasons ago in connection with the Port Clinton fisheries,

was taken up, a small hatching battery for the purpose being set up
in one of the fish houses at that point. During the egg-collecting
period, extending from May 23 to June 11, si)awn takers made daily
visits to the fishing grounds to take eggs from the ripe fish landed
in the seines, liberating at the same time the fry hatched from earlier

lots. The catch of carp was beloAv that of a normal season, but the
efrg; collections were considerably larger than in either of the two
previous seasons, the total amounting to 74.325.000. From this stock
63,325.000 fry were hatched and planted on the spaAvning grounds
in the Portage River, between Port Clinton and Oak Harbor.
During the fall, arrangements were made with local fishermen on

Lake Erie to save all smallmouth black bass taken in their seines
and hold them in live boxes until a sufficient number could be secured
to warrant a shipment. By this means 805 adult fish of that species
were collected during October and forwarded to various pond fish-

cultural stations of the bureau to serve as a brood stock.

CAPE VINCENT (N. Y.) STATION.

[J. r. SxYDEK, Superintendent.]

During the first half of November lake-trout eggs to the number
of 549.000 were taken at points on Stony Island, N. Y., and Pigeon
Island, on the Canadian side of Lake Ontario. As is usual at that
time of the year, stormy weather w^as encountered and all of the
eggs were obtained during but four days of w^eather suitable for
fishing. Thirty-nine thousand eggs were shipped to applicants, and
of the 450.000 fry hatched from the remainder 80,000 were furnished
for stocking interior waters in the State of New York and 370,000
were returned to Lake Ontario waters. Collections of whitefish

eggs from Lake Ontario amounted to 150,200,000.
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The collecting operations for both lake trout and whitefish were
conducted in xVmerican and Canadian waters under the same co-

operative ao:reement that was etfective last season. In Canadian
waters the work was handicapped by lack of a suitable boat, makintj;

it necessary to plant on the spawninfj <2:rounds immediately after

fertilization t29.()5().(K)0 of the eggs taken at Deseronto and Bi<!;

Island. Canadian hatcheries received 80,()00,0()() of the eggs ob-

tained, in accordance with the terms of the acreement : 29,800.000

were turned over to hatcheries of the New York Conservation Com-
mission and 1,000,000 were diverted to the Washington exhibit.

The remainder were incubated at the Cape Vincent station and the

resultino^ fry planted in Lake Ontario waters. Egg collections of

cisco (lake herrinjr) from Ontario waters totaled 317,200,000, of

which 73.200.000 were obtained in Canadian waters at Deseronto and
Bv^rotts Point. The fisheries authorities of Pennsylvania and New
York received 104,410.000 and 65.000,000. respectively: 17.100.000

fertilized eir^s were planted on the spawnin*; <rrounds, and the fry

hatched from the remainder were returned to Lake Ontario waters.

During the spring a small number of brood yellow perch were
obtained from trap nets set in the St. Lawrence River, and from the

15,000,000 eggs thus secured 11,000,000 fry were hatched and re-

turned to the St. Lawrence River, A consignment of 8,000.000 eyed
pike-perch eggs received from the Lake Champlain hatchery yielded

for distribution 7,970.000 fry of excellent quality, an usually high,

percentage. In additicm to the commercial species enumerated
150,000 rainbow-trout eggs from the bureau's Virginia station and
approximately 450,000 brook-trout eggs from commercial dealers

were incubated and the fry distributed to applicants in New York
State.

A boat suited to the needs of the station was obtained by transfer

from the Navy, but because of the time consumed in making needed
repairs to motors was not available for service during the past

season. When fully equipped, this boat will add much to the pro-

ductivity of the station, being particularly valuable in connection

with the whitefish and cisco work in Canadian waters.

SWANTON (XT.) SUBSTATION.

[A. n. DixsMOEE, Superintendent.]

The work at this point is conducted cooperatively with the State

of Vermont. During the operating season of 1921, extending from
March 2 to May 10. i)ike-perch eggs to the number of 112.312,500.

also 43.950,000 yellow-i)erch eggs, were secured for incubation. The
winter being unusually mild, the Missisquoi River was open at an

early date. Nets were set during the first part of March and hauled

at frequent intervals at the various points to anticipate the presence

of fish. The first pike perch were taken at Sandy Point March 25 and
at Campbell's on April 4. Three trap nets were in operation at the

mouth of the river, but the results from their use would not appear

to warrant their continuance. All fish taken were innnediately trans-

ferred to the inclosure for ripening, but because of low water stages,

resulting in an improper circulation of water through the inclosure.

the mortality was high, and all brood fish on hand were released on
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April 20. A cold spell in April. l"()ll()\vin<; the. warm weather of
March, caused a protracted incubation period for the pike-perch
egtrs. In this connection it is interestinf; to note that while the eg£>

collections weie made during; the |)eriod from April 6 to 20 there

was very little difference in the dates on which any lot of ej^gs

reached the eyed sta<ji;e or completed incubation. The e<jjfj^s were of

extremely poor quality, the loss durin<? incubation being in excess

of 77 per cent.

Collections of yellow-perch eggs were in jirogress from April 21 to

April 23. Of the 43,950,000 taken 12,000,000 were delivered to the
State hatchery at Burlington, Vt. The remainder were incubated
with but slight loss. Upward of 33,000,000 of the pike-percli eggs
were shipped to applicants, 14,700,000 going to hatcheries in the

State of Vermont.

PROPAGATION OF YELLOW PERCH, BRYANS POINT (MD.) STATION.

[L. G. HARnoN, Supcrintondcnt.]

Fish-cultural operations were undertaken at this point on March
1, the work being addressed to the propagation of the yellow perch.
Between the 3d and the 10th of March 18,226 brood fish were taken.

Spawning occurred between the 10th and the 23d of March, resulting

in a total collection of 172,630,000 eggs of excellent quality. Of
these 2,600.000 were shipped to Washington, where they served as

an exhibit during incubation, the fry being used to supply appli-

cants in Virginia. The remaining eggs were incubated in the hatch-
ery, pioducing 158,819,450 fry, which were planted on the spawning
grounds.

MARINE FISH CULTURE.

The season's work in this field may be considered satisfactory,

the output of eggs and fry comparing favorably with that of the
year previous. While there was a falling off of nearly 50 per cent
in the output of cod as compared with last year, this is compensated
for by satisfactory increases in the production of other species, not-

ably the haddock. The work during the past season was extended to

include the pole flounder {Glyptocephalus cynoglossus) ^ a species

not previously propagated. This fish, locally known as the "gray
sole," has only recently been introduced in the markets of New Eng-
land. . Its existence in these waters has long been known, but pre-

vious to the use of the otter trawl in the shore fisheries it was not
generally known to fishermen. Because of its small, weak mouth
it was not taken on the trawl lines. It has since proved to be a
popular fish, commands a high price in the markets, and a fishery

of importance is being built up in connection with it.

Inadequate funds have prevented the development of possibilities

for valuable work in the conservation of the large number of eggs
of the marine fishes that are annually lost in connection with
commercial fishing. Such work has now been undertaken on a
limited scale by placing spawn takers on the fishing vessels operating
in the offshore fisheries, to strip the mature eggs from the fish taken,

fertilize, and return them immediately to the water. The work is

considered of special value, since it deals with the conservation of
vast (juantities of eggs of the cod and haddock which have heretofore

been annually destroyed.
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BOOTHBAY HARBOR (ME.) STATION.

[E. E. Hahn, Superintendent.]

Fish -cultural work at this station during the year was addressed

to the winter flounder and the pollock and resulted in an output of

841,235,000 and 11,906,000 of the respective species. The pollock fry

were produced from eggs collected in the Gloucester fields and rep-

resent the first really successful attempt to make long-distance ship-

ments of pollock eggs. Collection of flatfish eggs was commenced
February 2*3 and continued to April 22. A total of 6,298 female

brood fish were handled during the season and yielded 906,696.000

eggs. Though weather conditions favored the work, the spawning
season ended earlier than usual, and because of this circumstance the

take of brood fish was smaller than had been anticipated. On the

other hand, the female fish taken were above the average in size and
yielded a correspondingly large number of eggs. Some experiments

in the rearing of the fry were conducted but without marked results.

A careful watch of the local fishing grounds where a limited num-
ber of boats engage in a spring fishery for cod and haddock was
maintained with the view of obtaining eggs. The results were nega-

tive, however, as has been the case for several seasons, no fish in

spawning condition being taken. Similar results followed a con-

tinuation of an effort to locate spawning areas of the alewife in the

Damariscotta River and other points in the vicinity of Boothbay
Harbor.
The steamer Gannet has been connected with the work of this sta-

tion and has rendered valuable assistance in fish-cultural operations,

particularly in the flatfish work, also in transporting men and sup-

plies in connection with the repairs that have been made to the lob-

ster pound at Pemaquid. Me.

GLOUCESTER (MASS.) STATION.

[C. G. Corliss, Superintendent.]

In this field the output of pollock fry has for a number of years

been larger than that of any other species propagated. With the

general adoption of the gill net for taking pollock in the shore fish-

ery and the prevailing high prices, this fish, which was formerly of

minor importance, has come into high favor. During the calendar

year 1920 more than 4,000,000 pound^s of pollock, valued at $118,502,

were landed fresh at Gloucester, Mass., approximately 3,745,000

pounds of this amount having been taken in the shore fishery. In
1921, the pollock spawning season extended fi'om November 15 to

January 21, and the ^gg collections aggregated 650,850,000 as com-
pared to 954,800,000 the preceding year. In the course of the fishing

season there was a rather sharp decline in the market price of pol-

Jbck, which resulted in the withdrawal of many boats from this line

fif rscork. The weather throughout the spawning period was excep-

^ocdally good, and to this fact the higher quality of the eggs obtained

^oalttk'ibuted. Twenty-four million of the eggs were transferred to

jtiiel'iBDothbay Harbor (Me.) station, and the remainder produced
M:i;t)(JO,000 fry, which were distributed on the pollock spawning
^(filualds.
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A rather umisiial otriii-rence connecttHl with the i)ollock woik is

the fact that the fish api)arently soiijrht new si)awnin«r grounds (hir-

\ufr the season. Heretofore practically all of the spawninpj fish have

been taken in Massachusetts Bay, and all fish taken from si)awning

^n-ounds to the eastward of Cape Ann have been barren of e<!:gs.

This year, however, lar<re numbers of e«rgs were obtained fi'om fish

cau<rht on the grounds lying from 20 to 30 miles eastward of

Cape Ann.
The season's collection of cod eggs fell considerably below last

year's established record collection of 570,704,000. Two reasons are

ascribed for the falling off, (1) the comparatively small run of

fish on the shore spawning grounds, and (2) the low market price

for cod. Eggs were taken betwetai January 15 and April 29, the

total amounting to 210,040,000. Of these 151,530,000 were planted

on the spawning grounds immediately after being fertilized, this

method being resorted to at times during the spring months, when
the low densitv of the sea water does not permit of making trans-

fers to the hatchery. In addition to the local collections cod eggs

to the number of 8,700,000 were transferred to Gloucester from the

Woods Hole hatchery. The fry distribution from the station

amounted to 50.900,000.

Propagation of the haddock at the Gloucester station was emi-

nently successful and is represented by a record collection of eggs

of that species. The causes contributing to this result were favor-

able weather, an abundance of fish on the spawning grounds through-

out the season, and the comparatively high market price for haddock.

The price was an important factor in attracting to this fishery a

large number of fishermen who ordinarily follow the cod or other

lines of fishing. The spawning period extended from January 22

to April 25, and 029.120,000 eggs were taken. Of these. 182,120,000

were deposited on the spawniing grounds for the reason stated above.

Since the mild winter suggested the probability of an early spawn-

ing season for flatfish, nets were set as early as February 2 for the

capture of a brood stock, but no fish were secured until March 14.

During the first w^eek of the season the take of adult fish was un-

usually large, giving promise of a fine egg collection. With the

beginning of active commercial fishing, however, the collection of

fish for propagation work fell off rapidly, and the season's opera-

tions resulted in obtaining only 154.740,000 eggs. From this, stock

132,070,000 fry were hatched aiid distributed.

Because of the prominence the pole flounder has attained in the

New England markets in recent years and the constantly increas-

ing number of fishermen engaged in its capture, an investigation of

the si)awning habits of the fish was made wnth the view of under-

taking its artificial propagation in the event that course seemed

advisable. At the present time commercial fishing for the pole

flounder begins in midwinter some 15 miles off Cape Ann. The fish

appear to work slowdv inshore, and by July fishing for them is in

progress in the shoal" w aters of Ipswich ^ay. The average daily

catch per boat is from 8.000 to 12,000 pounds.

Earge numbers of the fish were examined in April, but no ripe

spawn^was found until May 22. From that date until June 30,

when the work was brought "^to a close, 19,410,000 eggs were taken,
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fertilized, and planted on the spawning grounds. The eggs of the
pole flounder are about one-twentieth of an inch in diameter, a
liquid quart containing approximately 426,000. They are semi-
buoyant and nonadhesive. It is probable that spawning continues
throughout the summer months. It would appear that the species
is worth the attention of fish culture, and that considerable num-
bers of eggs for artificial propagation are obtainable in the commer-
cial fishery at comparatively small expense.

WOODS HOLE (MASS.) STATION.

[W. H. Thomas, Superintendent.]

At the approach of the cod spawning season at this station nego-
tiations were entered into with fishermen operating vessels equipped
for carrying live fish to supply brood cod for the propagation work,
but as only one suitable vessel was available the number of fish

secured was smaller than was desirable. The first consignment of
485 fish was delivered on November 15. Five further consignments
delivered between that date and December 6 brought the total brood
stock up to 2,441 fish, all of which were placed in the spawning cis-

tern. Stormy weather prevented any further deliveries. The fish

were an exceptionally fine lot, a large percentage being females.
For several seasons heretofore cod propagation at the Woods Hole
station has been reduced to almost negligible proportions because of
the very large percentage of barren fish among the brood stock.

It is impossible to assign an entirely satisfactory reason for this
condition, but it may have been due partly to the undersize of the
fish and also to the fact that they were taken in places not usually
frequented by spawning fish. The fish secured this season were of
good size and were taken on fishing grounds located some distance
offshore. The egg returns from them were very satisfactory, the
total amounting to 214,702,000. Of this stock, 8,700,000 green eggs
were transferred to the Gloucester station and 124,441,000 fry were
hatched.
On account of more favorable weather conditions the results of

the season's flatfish work were larger than those of the previous year,
though the egg collections were not equal to that of the record year
of 1918. Operations in local fields began on January 12 and resulted
in a collection of 803,567,000 eggs. A very satisfactory increase in
the number of fish obtained at Quisset Harbor is to be recorded.
The collecting station at Wickford was opened March 18 and was in
operation until March 28, when high-water temperatures made it

impracticable to continue the work. The egg collections at this
point amounted to 112.228,000, or less than half of last year's. From
the total of 915,855,000 eggs obtained from all points fry to the
number of 795,355,000 were hatched and deposited in local waters.
During March, 1920, the three-story frame building connected with

the Woods Hole station, the first floor of which was occupied as a
machine shop while the two upper stories furnished storage space
for fish-cultural and scientific equipment, was destroyed by fire. A
special appropriation of $65,000 for rebuilding and replacing equip-
ment was provided by Congress, becoming available June 5, 1920.
Advantage was taken of this opportunity in reconstruction to make

certain changes in building and equipment that will add much to the
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convenience and efficiency of the operations and also effect an

economy. The new buihlin«j, of fireproof construction, provides for

a machine shop, boiler and pump room, jj:ara<;e, and ample storage

space. The oM boiler and pump room, of frame construction, con-

stituting a further fire menace, has been removed. The new boiler

space is adjacent to and connected with the coal shod by a covered

l)assage, thus eliminating a long and expensive haul of coal from the

storage to the boiler.

Anotlier important change was the construction of a sand filter,

with a capacity of 300 gallons of water })er minute. The arrange-

ments are such that the water from the cod-spawning cistern enters

the filter by gravity. From the filter it is returned to the storage

tanks by the pumps. " Make-up " water will be added eacli day in

sufficient quantities to keep the supply in good condition. This will

add to the efficiency'of the fish-cultural work by eliminating from the

hatchery the sediment that is carried in the water taken direct from
the harbor and which has been particularly detrimental, to the eggs

under incubation during periods when the harbor water is agitated

by high winds. The aiTangement will be further effective in a sav-

ing of fuel, since it is found expedient to raise the temperature of the

hatchery w^ater supply from 8 to 10 degree? during the winter

months. The new system will permit of the water that has been
warmed being kept in circulation throughout the entire system.

Modern heating apparatus, with automatic thermo controls and an
electrically operated pump, for use during the summer when but
comparatively small quantities of water are used, will effect a fur-

ther saving in fuel consumption.

PROPAGATION OF BUFFALOFISH, ATCHAFALAYA (LA.) SUBSTATION.

[C. F. CuLLEK, in Charge.]

The propagation of buffalofish in the Atchafalaya Eiver district of
Louisiana is meeting with success, dependent to a large extent on the
regulations recently established by the Louisiana Conservation Com-
mission. Under existing arrangements no fisherman is allowed to

operate nets during the spawning season without first securing from
the State authorities a permit, which is revocable in the event that the
eggs of all ripe fish taken are not delivered without charge to collect-

ing agents of the bureau. It is considered that permission to fish

during the closed season, with the right to retain the fish captured
after stripping, is sufficient compensation for the eggs turned over to

the bureau.
This work was inaugurated in the spring of 1918 to meet the large

and increasing market demands for buffalofish, and while the water
stages in the river during the spawning season are not unifonnly
favorable the experience gained has demonstrated that, with the local

cooperative assistance at present afforded, there is no reason why
hatching operations should not be continued on an extensive and
profitable basis. Thus far the fishermen have willingly complied
w'ith the terms of the regulations, and the cooperation rendered by
them has contributed largely to the success of the work.

In the season of 1921 the substation was opened on January 23 and,
in order to free the hatchery water supply of the large amount of
sediment contained in it, a filter was installed in the water-supply
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line. No sand being available for the purpose, cinders were sub-
stituted, and to the presence of this material is attributed the loss of
approximately 46,000,000 of the first eggs received. The removal of
the cinders and the refilling of the filter with sand and gravel cor-

rected the situation, though the output of the substation was consid-
erably reduced.

The first eggs were taken on February 27, and during the spawn-
ing season, which ended on March 25, a total of 96,440,000 eggs were
taken. Of these, 1,440,000 were planted on the spawning grounds
after being fertilized and 38,600,000 fry were developed at the
hatchery. The conditions were unusual, inasmuch as the Atacha-
falaya River was at a low stage until late in January, whereas a rise

occurs in the late fall in more normal years, its effects continuing
into the spring months. To this condition may be attributed the
short season and the small numbers of fish on the customary spawn-
ing grounds. The water temperatures during the egg-collecting
period ranged from 60 to 76° F. The incubation period was 10
days in a mean water temperature of 60°. The eye spots in the egg
are visible to the unaided eye in from four to five days, and the fry
have absorbed the umbilical sac in from four to nve days after
hatching.

Further counts and measurements to ascertain the correct number
of eg^s to a liquid quart were made and a standard of 120,000 was
established as a result. Observations were made at several points
to determine the percentage of fertilization that is attained in eggs
deposited under natural conditions. The results varied from zero
in certain places to as high as 40 per cent at others, with an average
of 10 per cent at all points considered. Efforts were also made to
secure information relative to the spawning of the paddlefish, but
nothing of a reliable nature was gained.

Buffalofish propagation conducted on an experimental scale at
Clarendon, Ark., has been permanently discontinued, it having been
found that very few of the local fishermen are inclined to lend their

cooperation.

PROPAGATION OF ANADROMOUS FISHES OF ATLANTIC COASTAL
STREAMS.

Included under this head are the shad, glut herring, alewife,

striped bass or rockfish, and the Atlantic salmon.

PROPAGATION OF SHAD, BRYANS POINT (mD.) AND EDENTON (n. C.)

STATIONS.

The work addressed to the shad is conducted at only two hatch-
eries, Bryans Point, on the Potomac River in Maryland, and Eden-
ton, on Albemarle Sound in North Carolina. It is interesting to

note that the run of shad is being maintained in these regions, not-

withstanding the failure to put into effect the greatly needed regula-

tory measures for which the bureau has worked. During the 12-

year period from 1910 to 1921, both fiscal years inclusive, the Mary-
land hatchery distributed a total of 448,799,000 shad fry, an average
annual output of 37,399,000. The total output of shad from the

North Carolina hatchery during the same period amounted to
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409,683,000, or an average annual ouput of 34,140,250. Practically
all of these fry in each instance were distributed on local spawning
grounds. In view of the conditions that exist in other shad streams
where artificial j)ropa<j:ation is not con(hicted, it seems but just to as-

sume that the hatcheries have been a factor in maintaining the shad
fisheries in their vicinity.

The bureau is frecpiently importuned by State oflicials and others

to render assistance in restocking depleted shad streams by planting

therein a portion of the output of its two hatcheries. In their efforts

to obtain this assistance the illogical argument has been advanced
that the shad hatcheries, being the property of the Federal (xovern-

ment and supported by public funds, should apportion their output
in accordance with public demands and without regard to the source

of supply. Were the bureau to be influenced by such reasoning it

would result in dividing the comparatively small output of its two
hatcheries among various States along the Atlantic seaboard. The
numbers allotted in any instance would be negligible, and such a

course would inevitably result disastrously to the fisheries in the

waters in which hatchery operations are now conducted.

For many years the bureau followed the policy of making sys-

tematic plants of shad fry in the principal shad rivers and tribu-

tary streams along the Atlantic seaboard, but the results did not

justify a continuance of such efforts, because the States concerned

did little or nothing for the protection of the species, and with the

rapid and constant increase in fishing operations and fishing devices

the run constantly lessened. Finally, in order to maintain the

dwindling supply in home waters the bureau found it necessary to

discontinue shipments to outside points and return to the local

spaw^ning grounds the entire product of its shad hatcheries.

The status of the shad fisheries at the present time is precarious in

the extreme, fully Avarranting the adoption of drastic measures if

they are to be saved from total and early extinction. In spite of the

discouraging situation, however, the States most nearly concerned

have thus far appeared loath to take any decidedly aggressive action

toward safeguarding or increasing the run.

While the falling off of the shad run in many Atlantic coastal

rivers and their total disappearance in others are due to several

causes, the chief factor involved would seem to be a total lack of

protection during the spawning season. As a result of the extensive

fishing operations near the mouths of such streams and in the salt

and brackish waters below very few shad are able to reach their

spawning grounds. The considerable amount of trade waste enter-

ing the streams has also had a deleterious effect.

The collection of shad eggs in the Potomac, at the Bryans Point
(Md.) station, fell considerably below that of a normal season,

amounting to only 15,620.000. During February and March the

weather was unusually mild, with high water temi)eraturos, the

maximum in March being 64° F., with a mean temperature of 52° F.

As a result, spawning shad were taken unusually early, and 316,000

eggs were secured during that month. Weather conditions in April

were a reversal of those in March, with equally unfavorable results

to the work, and the season was brought to an early close on May 0.

Approximately 1,110,000 of the eggs secured were sent to central
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station for an exhibit, and the resulting fry were returned to the

Potomac River. The eggs retained for incubation at the hatchery
produced 13,639,175 fry, all of which were deposited on local spawn-
ing grounds.
The conditions during the season were especially favorable to

pound-net operations. The high water temperatures in March ap-

peared to cause the shad in their upstream migration to leave the

deep-water channels, which are unobstructed by nets, and seek the

shallower water of the flats, thus coming in contact with the pound
nets set to intercept them. In 1915 similar conditions prevailed,

and that season and the one under discus-^ion represent the only
marked variations in the collections of shad eggs at this station in

a long period of years.

Another factor bearing on the shad work in the Potomac Eiver is

the apparent increasing indifference of certain fishermen to the

necessity for cooperating with the bureau by saving for propagation
the eggs from the spawning fish taken by them. Most of the fisher-

men render this service willingly, realizing its value to them and to

their industry, but the high prices paid for shad in recent years

have evidently created among a certain class of fishermen a feeling

that the only important consideration is to get the largest number
of shad to market in the shortest possible time. This attitude has
undoubtedly resulted in the loss of a very considerable number of

eggs, and if it continues it may become advisable to invoke the aid

of the Maryland and Virginia authorities. Since the shad fisher-

men are licensed by the State in which they operate, it Avould seem
that a regulation might be put into effect that would require all

fishermen taking shad on the spawning grounds within certain areas

and in working distance of the hatchery to assist employees of the

bureau in conserving the ripe eggs under penalty of a revoked license

for failure to comply.
The first shad eggs for the Edenton (N. C.) hatchery were secured

on March 28, and on May 5 the season ended with a total collection

of 21,710,000 eggs. As at Bryans Point, climatic conditions were
unfavorable for the best results, the fluctuating water temperatures

being particularly annoying. A considerable reduction in the ex-

pense of collecting eggs was effected during the season by closer

cooperative relations with the fishermen, a situation that the bureau
has constantly endeavored to foster. One of the difficulties in ob-

taining shad eggs in this region is the large number of pound nets

used. As such nets are lifted at infrequent intervals, the eggs of

fish taken in them are seldom fit for incubation. Eggs of the shad
appear to be at their best when taken from fish caught ])etween

sundown and midnight. For this reason gill nets, which are set on

the ebb tide and lifted at half-hour intervals, constitute the most
dependable source of egg supply for the Edenton hatchery.

The Edenton station also propagates pond fishes, mention of which
is made on page 63.

PROPAGATION OF GLUT HERRING, EDENTON (N. €.) STATION.

The propagation of glut herring was taken up last season for the

first time at Edenton, and the results obtained may warrant a con-

tinuance of the work. Some opposition was made by local fisher-
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men on tlio prronnd that the strippinfj of the fisli reduced their
market vahie, an objection which is not altofjethcr well founded.
While it is ti'ue that the appearance of the female may be affected
by tiie strippin*; process, the roe at spawninjj; time has no market
value. The spawnin*; season of this species coincides with that of
the shad, and for that reason the Q^fi; collections were limited, the
hatching capacity permitting of a total collection of 56,130,0()().

PROPAGATION OF ALEWIFE, BOOTHBAY HARBOR (ME.) STATION.

For the past two seasons attempts have been made to secure eggs
of the alewife for artificial propagation at the Boothbay Harbor
(Me.) station. The Danuiriscotta River supports a run of the
species, and there is a fishery of some importance at Damariscotta
Mills. An examination of the fish taken at tiiis fishery in tide-
water very soon disclosed that no fish with mature spawn were ob-
tainable from this source. The efforts made to hold the fish in an
inclosure, awaiting the maturity of the eggs, were not successful,
and attempts to secure eggs from the fish after their entrance into
fresh-water ponds above the falls were ecjuallv unsuccessful. Seines,
pound nets, and fyke nets were employed at bamariscotta Mills and
at West Boothbay Harbor in ponds Avhere the alewife is known to
spawn, but the results were negative in every instance in so far as
they pertained to eggs for propagation, though considerable num-
bers of fish with immature eggs and also of sj)ent fish were taken.
No satisfactory explanation of this unusual situation is at hand, since
alewives in spawning condition are taken in various forms of nets
at other points.

PROPAGATION OF STRIPED BASS, WELDON (N. C.) SUBSTATION.

The bureau propagates the striped bass or rockfish at a single
substation, located on the Roanoke River at Weldon, N. C, where a

yearly average of about 12,500,000 fry is hatched and returned to

the spawning grounds in the river. The work is greatly handi-
capped by the floods usually encountered and also by the difficulty

experienced in securing ripe fish of the two sexes at the same time.
During the height of the run this latter condition is less pronounced
than it is earlier or later in the season. Contrasted Avith the output
of some of the commercial species, the work at this hatchery is not
large, but it is showing a steady and gratifying increase, as is evi-

denced by a comparison of the results of the past 10 years. The
production of striped bass fry at Weldon rose from 5,256,000 in

1912 to 20,184,000 in 1921. an increase of nearly 400 per cent.

PROPAGATION OF ATLANTIC SALMON, CRAIG BROOK (ME.) STATION.

[J. D. Dk Rocher, Superintendent.]

For many years it has been the practice of the bureau to purchase
in May and June practically all the salmon captured by the Penob-
scot River fishermen, estimating the average weight at 12^ pounds,
and paying the prevailing market prices for them, together with
a bonus of 60 cents per fish for careful handling. The fish have
been held in a large lake or inclosure until their eggs were mature,
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and after having been stripped they have been released in the river.

Operations along these lines have resulted in the purchase of almost
the entire catch and paying for the fish at a seemingly exorbitant
price, this amounting in effect to the maintenance of the run for

the sole purpose of furnishing employment to a few river fisher-

men.
After thoroughly canvassing the situation the bureau recently

decided to curtail its expenditures in this direction, with the view
of ascertaining if equally good results could not be brought about
by less expensive methods. Taking all related facts into considera-

tion, it would seem that the State of Maine should interest itself

in providing efficient fishways over the dams which at present ob-

struct the passage of the salmon to their natural spawning grounds.

At the beginning of the fiscal year there were on hand 316 brood
salmon, obtained by purchase from local fishermen in June. At the

spawning season in October these fish yielded 911,720 eggs, from
which 821,240 fry were hatched. On March 12, 1921, 600,000 eggs
of this species were received from the New Brunswick hatcheries

of the Canadian Government in exchange for eggs of the brook,

rainbow, and blackspotted trouts. These were successfully in-

cubated, producing 565,760 fry, all of which entered into the general

distributions in Maine waters.

Propagation of Fishes of Interior Waters.

The serious inroads that have been made in the public waters of

the interior as a result of the extensive and rapidly increasing use of

the touring automobile are making it exceedingly difficult to maintain
the fish supply in such waters. Recognizing the necessity for heavier

stocking of their waters, many of the States have called upon the

bureau for assistance, which, in view of its greatly overtaxed re-

sources, it has not always been possible to extend. One of the great-

est demands is for brook trout. The bureau does not produce its

brook-trout eggs, but of necessity relies upon commercial fish-cul-

turists for a large portion of its supply. In many instances such

eggs can not be considered as more than a by-product of the com-
mercial plants. They are, as a rule, taken from 2-year-old and 3-

year-old fish and for that reason do not have the stamina that might
be expected from the progeny of older fish. In view of this situa-

tion. Congress has been asked for sufficient funds to establish a plant

for the production of the brook-trout eggs needed to fill the bureau's

hatcheries. After placing it on an operative basis such a plant could

be made to produce eggs of superior quality in numbers sufficient to

meet the bureau's requirements and at a smaller cost than is now
involved in the purchase of a poor grade of eggs.

The demand for smallmouth black bass can not be met by the

hatcheries, the principal handicaps in the work with this species

being unfavorable weather and insufficient pond space. Means for

increasing the production of bass and other so-called warm-water
fishes are again mentioned as being one of the most important re-

quirements of the service. During a long period of time the output
of such fishes has not kept pace with the demand, and to meet the

deficiency the bureau has found it necessary to utilize for general
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distribution a small percentage of the fishes rescued from tlie Mis-

sissippi Kiver overfiows. In recent years the demand for bass has

increased, but funds have not been provided for increasing the pro-

duction of the species at the fish-cultural stations. This has re-

sulted in a tendency to draw more heavily on the rescue work to meet

the demands, untilthe munber of bass so diverted in the fiscal year

1921 amounted to api)roximately 43 per cent of the total nunil)er res-

cued. Any increased diversion of bass from this source is not ad-

visable, and unless other means are found for an increaseil produc-

tion of the fish-cultural stations a large number of applications must

of necessity remain unhonored.
Of interest in connection with the fish-cultural work is the devel-

opment in recent years of fish and game protective associations in

practically all parts of the country. Composed as they are of the

leading citizens of the communities in which they reside, their influ-

ence for the protection and conservation of the natural resources is

of great benefit. Such organizations endeavor to obtain the services

of men experienced in stocking local streams with fish life, and in

many instances they maintain ponds at their own expense for the

purpose of rearing young fish obtained from State or Federal hatch-

eries to a larger size than would be otherwise possible before plant-

ing them in public waters. The intelligent cooperation resulting

fi-om this movement is marked and is worthy of encouragement.

Another favorable influence exerted by organizations of this charac-

ter is an increased respect on the part of the general public for the

State fish and game laws. It is the policy of nearly all such organi-

zations to favor better protective laws, to demand of their members
a strict observance thereof, and to urge the same line of conduct on
all others with whom they come in contact.

Among the more imi)ortant species propagated for the stocking of

interior waters are the catfish; rainbow, blackspotted, and brook
trout; crappies; largemouth and smallmouth black bass; rock bass;

and sunfish. The results accomplished with these species by the

various stations during the fiscal year 1921 are reviewed in the fol-

lowing discussion. Data concerning the spawning seasons are given

on pages 73 and 74, and a tabulation of the amount and cost of fish

food used occurs on page 76.

NEW ENGLAND SALMON AND TROUT STATIONS.

BERKSHIRE (MASS.) STATION.

[William A. Caslek, Superintendent.]

Fish-cultural work at this station, which is located near the town
of Hartsville. Mass., was confined to operations with the brook and
rainbow trout. Between October 20 and November 10 brook-trout

eggs to the number of 133,500 were collected from brood fish in the

station ponds, and two lots of eggs, aggregating 322,500, were ac-

quired by purchase from commercial hatcheries. As the station fish

were old and somewhat imperfect through interbreeding, the quality

of their eggs was poor and heavy losses resulted, both during the

incubation period and at the time the fry were ready to take food.

A heavy loss was also sustained on one lot of the commercial eggs

100267°—22 i
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from the disease known as " bluesac." In each case, however, after

culling out the defective stock no further trouble was experienced,

and the distributions of young fish from the three lots of eggs com-
prised 296,825 healthy No. 1 and 2 fingerlings, with 34,000 fingerlings

on hand at the close of the year.

From two lots of rainbow-trout eggs—one of 50,000 transferred

from the White Sulphur Springs hatchery and another of 6,920 taken

from the station fish—43,900 thrifty fingerlings were produced, of
which 2,000 remained on hand at the end of the year. The spawning
season of the rainbow trout at this station extended from December
22 to January 20.

CRAIG BROOK ( ME. ) STATION.

[J. D. Db Rochek, Superintendent.]

In addition to the propagation of the Atlantic salmon, for which
purpose this station was primarily established, it has an annual out-

put of brook trout from eggs purchased of commercial fish-culturists.

The distribution of this species for the fiscal year 1921 amounted to

1,085,000 fry and 23,625 fingerling fish. The year's distributions also

included landlocked salmon fry and fingerlings to the number of

43,545, these fish being the product of eggs transferred from Grand
Lake Stream. A detailed account of the work with the Atlantic

salmon is contained in the section devoted to the anadromous fishes,

page 45.

Having an abundant water supply of excellent quality, this station

possesses opportunities for development as a trout-rearing center.

At comparatively small cost its capacity may be increased to the

point where it will alone adequately meet the requirements of that

section of the country.

GREEN LAKE (ME.) STATION AND SUBSTATION.

[John A. Story, Superintendent.]

Perhaps the most important part of the work of this station is the

propagation of the landlocked salmon. Operations addressed to this

species are conducted at the main station, a substation at Grand Lake
Stream, and an egg-collecting station on Fish Kiver Lakes, the work
at the latter point being done on a cooperative basis with the Maine
Commission of Inland Fisheries and Game. At Fish River Lakes
egg collections were made from Cross, Eagle, and Square Lakes
Thoroughfares, aggregating 525,000. These were all delivered at the

State hatchery for eyeing. Under the agreement 250,000 of them
were reserved for planting in parent waters, while the remainder
were divided equally between the bureau and the State hatcheries

after being eyed. The lakes were at high level prior to the spawning
season, with but little rain during that period. Under these con-

ditions there was but little and a constantly decreasing current over

the usual spawning areas. This is thought to have been a factor in

the reduced egg collections, though whether or not it was the most
important one it is hardly possible to sa3^ A total of 336 male
and 260 female fish were handled during the season, the first being

taken on October 24 and the last on November 9.
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The number of landlocked salmon cg<2;s taken from Green Lake
represents an avera<j:e season. Pound nets were set at the mouth of
Great Brook as usual, and 87 female and 49 male fish were taken, the
first fish enterin<; the trap on October 14 and the last on November
19. Eggs to the number of 220,300 were secured, of which 70,000
were shipped to applicants. From the remainder 122,120 fry were
hatched and distributed.

Of the 317,200 eggs obtained at Grand Lake Stream 115,000 were
shipped to other points and 184,400 were retained for parent waters.

To the unseasonably warm weather, Avhich continued through the

late fall, and the consequent high-water temperatures the delayed and
prolonged run of spawning salmon is attributed. Spawning iish

were still being taken in small numbers daily, when a sudden tem-
perature change, with danger from ice, made it necessary to dis-

continue operations. The adult fish taken this season were of a
larger average size than is usual at this point. Several specimens
weighing 6 and 7 pounds were taken, yielding an average of 1,600

eggs per Iish. During July and August 79,000 fingerling salmon
carried over from the previous j^ear were liberated in (irand and
Dobsis Lakes.
The work addressed to the propagation of smelt met with a fair

degree of success. From the 8,000,000 eggs obtained 7,000,000 fry

were hatched and liberated in local waters and 600,000 eyed eggs
were shipped to aj^plicants. Practically all of the eggs were ob-

tained this season from natural spawning, the adult fish being con-

fined in troughs until this function was performed, after which they
were liberated and the eggs transferred to hatching jars. Compara-
tive tests of this method of obtaining eggs as against artificial

stripping seems to prove the superiority of the former method. Of
150,000 eggs taken by artificial stripping only about 15 per cent pro-

duced fry, while the percentage of hatch obtained from natural
spawning was 95. It was noted, however, that the best results were
obtained from fish that were about ready to spawn wdien taken.

When held in confinement for more than 36 hours prior to spawning,
eggs of a poor quality resulted. In one instance a trough in Avhich

approximately 500,000 eggs had been deposited was left undisturbed

for observation after the removal of the adult fish. On the fourth

day the eggs showed the effects of smothering, this condition, which
is well known to fish-culturists, being brought about by improper
aeration of the water. The dam at the outlet end of the trough was
raised, thus subjecting the eggs to a more rapid flow of water and
relieving the dangerous symptoms. These eggs completed incuba-

tion in 14 days, witii a mean water temperature of 55.5° F., as

against 20 to 27 days for the eggs incubated in Downing jars, with

a mean water temperature of 46°.

In addition to the species already mentioned, brook-trout eggs
to the nmnber of 788,860 acquired by purchase from commercial
dealers and 50,000 rainbow-trout eggs transferred from the bureau's

Virginia station were received during the year. Fifty thousand of

the brook-trout eggs were reshipped to the Grand Lake Stream sub-

station. From the eggs of that species retained at Green Lake
608.050 fry were distributed. The rainbow-trout eggs underwent a

rather heavy loss during incubation and produced only 26,000 fry.
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The distributions from the Grand Lake substation consisted of
47,880 brook-trout fry, 115,000 eyed eggs of the landlocked salmon,
55,000 landlocked-salmon fry, and 79,100 landlocked-salmon finger-

lings, with approximately 74,000 fingerlings of that species on hand
at the end of the year.

NASHUA (N. H.) STATION.

[Waldo F. Hubbard, Superintendent.]

The work at this station was concerned with the brook and rainbow
trouts, pike perch, and smallmouth black bass. A few brook-trout

eggs were obtained from brood fish at the station, but most of the

eggs of this species were acquired by purchase. The rainbow eggs,

with the exception of 16,638 taken from tish in the hatchery ponds,

were transferred from the Wytheville (Va.) station, and the pike-

perch operations consisted in the incubation of 2,000,000 eyed eggs

shipped from Swanton, Vt. During the spawning season of the

smallmouth black bass in Lake Sunapee, extending from June 2 to

June 17, collections of fry of that species to the number of 31,700

were made and shipped to applicants. The work with the various

species was conducted without unusual incident, and the output of

fish for distribution is shown in the table on page 12.

ST. JOHNSBURY (VT.) STATION.

[A. H. DiNSMOBE, Superintendent.]

From this station as a center the usual field stations for the collec-

tion of brook-trout eggs were operated at Lake Mitchell and Darling
Pond. Largely because of climatic conditions, the results of the

work at both points were rather unsatisfactory. The egg collec-

tions amounted to 214,148 and 411,777, respectively, all of which
were of the usual high quality.

During the summer of 1920 an investigation was made of the

fish-cultural possibilities existing at points on the Big Margalloway
and Little Margalloway Eivers and Parmacheence Lake, in northern
Maine. As the field gave promise of satisfactory returns, a tentative

plan was formulated for undertaking work in cooperation with the
Northern Oxford Guides Association. The first eggs were taken
October 13, and the collections, which extended to October 27, aggre-

gated 300,000. As the main objects of the work were to build up the

suppl}^ of trout in the local waters and to encourage the local or-

ganization in their fish-cultural activities, the bureau claimed only
60,000 of the eggs secured. The others were successfully incubated
in the log hatchery put up by the association, and the resulting fry

were planted, with but slight loss, in local waters. While the work
was not |)articularly successful from a fish-cultural standpoint, the
information gained will be useful in connection with any future work
that may be attempted in that field.

At Lake Dunmore, Vt., a new field station was established for the
collection of lake-trout eggs and was operated jointly by Federal
and State employees. Eggs to the number of 130,000 were collected

and sent to the Holden hatchery, another subsidiary of the St. Johns-
bury station, to be eyed. After reaching the eyed stage half of
them were turned over to the State fisheries authorities.
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In accordance with past custom a considerable number of l)rook-
trout e«?gs was purchased, and as usual they were j^reatly inferior
to tlie eggs obtained from wild stock. Such purchases amounted
to 877,800, and 5(),00() e<r^s in addition were turned over to 8t.

Johnsbury station by a Massachusetts dealer, with the understand-
ing that half the resultin«j: fry were to be placed at his disposal
for sale to persons desiriiifr fish for stockin<j: private waters, the
other half to be the jn-opeity of the bureau. Two shipments of
steelhead-salmon eggs, aggregaimg 58,000, were received from one
of the Puf^et Sound (AVash.) stations, and a consi^rnment of 25,000
landlocked-salmon eggs was forwarded from the Grand Lake Stream
(Me.) hatchery.

Followin<2^ the custom of past years, collections of smallmouth
black bass fry were undertaken at Lake Tarleton, and thou<!:h started
some 10 days earlier than ever before they did not precede the un-
usually early spawning of the bass. High winds interfered with the
work, making difficult the placing of screens and the dipping of the
fish, and in some instances the screens were destroyed. Approxi-
mately 54.000 fry were obtained from this source and placed in
ponds at the St. Johnsbury station for later distribution. This
work at Lake Tarleton enables the bureau to secure limited numbers
of bass for distribution in the Vermont field and at the same time
assists in keeping down their numbers in the lake, where they are
considered objectionable.

At the Holden substation approximately 350,000 brook-trout eggs
were received, some from the field stations and some from commer-
cial hatcheries, and the distributions of fry and fingerling fish from
this lot amounted to 173,700, with 47,380 iingerlings on hand at the
end of the year. The rather serious losses made evident by these
figures are attributed mainly to an accident occurring on April 15,

when the spring water supply to the hatchery was cut off. A more
extensive system of aeration had been installed to overcome the
losses occurring in recent years through defective aeration of the
water. The new system promises good results, but because of this

accident the evidence in its favor can not j-et be considered con-
clusive. This substation also handled and distributed the product
of approximately 145,000 lake-trout eggs collected at Lake Dunmore,
Yt.j *25,00(> of the same species transferred from the Charlevoix
(Mich.) field, and 50.000 rainbow-trout eggs received from the West
Virginia hatcherj^ of the bureau.
Work looking to the development of the York Pond (X. H.) site

as a station for the production of brook-trout eggs was carriecl for-
ward as expeditiously as the limited funds available for the purpose
would allow. During the summer the small bottom west of the
pond and the extensive flat below it were cleared and a small log
cabin to house the employees was constructed. Officers of the For-
est Service have rendered valuable aid in the work of developing this

station. Through their, efforts the camp has been provided with
telephone connections, and thev are planning for the construction
of a wagon road to the site. They have also rendered assistance in

running levels, with the view of turning the flow of one or more
of the adjacent brooks into the pond system.
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ROCKY MOUNTAIN TROUT STATIONS.

BOZEMAN (MONT.) STATION AND SUBSTATIONS.

[W. T. Thompson, Superintendent.]

Although the cold, stormy weather of winter was unduly pro-

tracted, interfering with fish-cultural work into the late spring

months, a satisfactory season is to be recorded in this field. With
Bozeman station as headquarters an auxiliary station is operated at

Meadow Creek, in the Madison Valley, and substations in the Glacier

National Park and the Yellowstone Park.

BOZEMAN (MONT.) STATION.

Fish-cultural work at the Bozeman station was confined to the in-

cubation of eggs transferred from other points, these transfers

amounting to 1,357,200 rainbow-trout eggs from Meadow Creek,

1,236,400 blackspotted-trout eggs from Yellowstone Parkj and brook-
trout eggs from the Springville and Leadville stations m the num-
bers of 350,000 and 782,000, respectively. Part of the rainbow-trout

eggs were shipped to applicants and other stations; the remainder
were hatched and distributed as fry and fingerlings to fill the de-

mands for them in Montana, Wyoming, Idaho, Washington, and
Oregon. Approximately 800,000 fry of the rainbow trout and black-

spotted trout remained on hand at the close of the fiscal year.

MEADOW CREEK (MONT.) AUXILIAEY STATION.

The Meadow Creek egg-collecting or auxiliary station was opened
on April 9. The weather throughout the spring was cold and stormy,
and there was no clearly defined run of fish, as is the case under more
favorable conditions. The first rainbow trout appeared at the rack
early in April, and the run continued at intervals up to June 10,

during which period 2,273,000 eggs were taken. Of this number
1,357,200 were sent to the Bozeman station. The eggs taken during
the latter half of the spawning season were of poorer quality than
usual, probably because of the turbid water, which was materially

affected by the storm conditions. The results of hatchin<y were there-

fore disappointing, and of those retained for stocking home waters
only 300,000 fry were realized. Near the close of the fiscal year
500,000 blackspotted-trout eggs were received at the Meadow Creek
hatchery from the State hatchery at Anaconda, and these, with
30,000 rainbow-trout fry, were on hand June 30.

Mixed in with the rainbow-trout run were a limited number of
grayling, though not sufficient to warrant spawn taking. The fish

appeared to have been driven into the lake by the soft ice in the
stream shortly after their appearance at the racks, the grayling evi-

dently being very susceptible to influences of this kind. In recent

years grayling have deserted the Meadow Creek spawning grounds,
to which they formerly ascended in considerable numbers every
spring. Whether or not the successful establishment of the rainbow
trout therein is responsible for the abandonment of the stream by the
grayling is conjectural, but the present spawning grounds of the fish

in the region are unknown, though several attempts have been made
to locate them.
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YKLLOWSTONE PARK (WYO. ) SUBSTATION.

The spawning season of the blaokspotted trout in the Yellowstone
Park involves portions of two fiscal years. At the be«j^inning of the

liseal year 15)21 there were on hand in the hatchery 850,000 eggs which
hail been collected in June, and this number, added to the total ob-

tained in July, gave an aggregate collection of 6,4H0,400 for the sea-

son. During tlie spring of 1921 the season was late, as at the Meadow
Creek auxiliary station, and ice was still in Yellowstone Lake at the

arrival of the spawning crews on June 10. The first eggs were taken

at Fish Lake, near Soda Butte, on June 19, and at the close of the

fiscal year the total egg collection numbered 1,747,500, of which
829.600 were obtained from Fish Lake and the remainder at different

points on Yellowstone Lake. All eggs taken during the year were of

excellent quality. The usual limited numbers were assigned to va-

rious State fish and game commissions, and smaller numbers were
diverted for stocking the waters of the Glacier National Park. The
remaining eggs were incubated at the lake hatchery, and fry to the

number of 2,012,400 were distributed in Yellowstone Park waters,

the park superintendent cooperating in the distribution.

GLACIER PARK (MONT.) SUBSTATION.

From the Glacier Park hatchery, which was in operation for a

period extending from June 13 to September 17, 1921, there were
distributed in park waters 2,035,000 fry and fingerling grayling,

brook, rainbow, and blackspotted trout, with approximately 445,000

grayling and rainbow-trout fry on hand at the close of the fiscal year.

The rainbow trout were derived from the Madison Valley egg collec-

tions and the blackspotted trout from the Yellowstone Park. For
the grayling and the brook trout the bureau is indebted to the Mon-
tana Fish and Game Commission, and grateful acknowledgment of

this cooperative assistance is hereby made. As in the Yellowstone
Park distributions, officers of the national park service rendered val-

uable assistance in transporting the fish to suitable points for

planting.

LEADVILLE (CXDLO.) STATION.

[Charles B. Grater, Superintendent.]

The output of fry and fingerling fish from this station was smaller

than usual because of certain conditions affecting the egg collections

at two important sources. Low water at Turquoise Lake exposed
the customary spawning beds of the trout, and attempts to take the

fish by seines and fyke nets at other probable spawning points were
not altogether successful. Similar conditions existed at Engelbrecht
Lake, where further difficulties were experienced also in the matter
of transportation. The aggregate total of brook-trout eggs obtained

from the collecting fields occupied Avas 4,305.400. This station also

handled 1.209,000 blackspotted-trout eggs transferred from the Yel-

lowstone Park field, 130,000 rainbow-trout eggs from the stations in

Wyoming and Utah, and 25,000 lake-trout eggs shipped from Mich-
igan.

The Leadville station has for a number of years been able to suc-

cessfully operate field stations at a number of privately owned lakes
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and reservoirs, obtaining from them considerable numbers of brook-
trout eggs for distribution in the forr/i of fry and fingerling fish to

applicants throughout Colorado and New Mexico and at the same
time maintain unimpaired the original sources of supply. In recent
years this work has suffered from the frequent labor changes occa-

sioned by the low rate of compensation offered, and in certain in-

stances the lake owners have refused to permit the continuance of
fish-cultural work under the direction of the inexperienced men whom
the bureau has been forced to place in charge. The time is at hand
when a more definite policy with reference to this field of operations
will have to be adopted if the work is not to seriously deteriorate.

SARATOGA (WYO.) STATION.

[O. N. Baldwin, Superintendent.]

As has been mentioned in several previous reports, this field re-

mains practically undeveloped because of lack of funds. Every year
the station employees, at the expenditure of much time and labor,
secure limited numbers of eggs at field stations where, with proper
equipment and means for eying eggs intended for transfer and for
the complete incubation of those needed for the maintenance of the
local run of fish, the egg collections might be very greatly increased,

the loss of eggs incident to their transfer in the green state obviated,
operating expenses reduced, and the general efficiency of the work
greatly improved. During the spring of 1921, with the primitive
means available, the Sage Creek collecting field yielded 1,185,295

rainbow-trout eggs. Lost Creek, 982,185, and Canyon Creek—occupied
for the first time—351,850, a total of 2,519,330." The station brood
stock also produced 140,000 eyed eggs of this species.

Brook-trout eggs to the number of 1,132,400 were handled during
the year. Of these 134,000 were taken from the station brood stock,

448,000 were received from Springville (Utah) station, and the re-

mainder w^ere taken at a new and promising field station located at

Big Creek Lake, in North Park, Colo. This field is about 100 miles
from the Saratoga station, well up on the Continental Divide. In-
cubation of tlie brook-trout eggs was completed a full month earlier

than usual, with the result that most of the fry were taking food
early in the winter.

Incidental to the other fish-cultural work, there are taken each
season small numbers of Loch Leven-trout eggs, this species appear-
ing to thrive in the streams of the region. With the more complete
development of fields contiguous to the station it is probable that

very successful work can be accomplished with the Loch Leven.
Besides the species already mentioned, 200,000 blackspotted-trout

eggs were received from Yellowstone Park collections and were in-

cubated with a loss of only 6,000. The resulting fry and fingerlings

entered into the general distribution. With improved roads and bet-

ter transportation facilities there is reason to believe that the black-

spotted trout will also eventually bear a conspicuous part in the

operations of the Saratoga station. There remained on hand at the

close of the year upward of 1,000,000 eggs, fry, and fingerling fish.
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SPEARFISII (S. DAK.) STATION.

[D. C. Booth, Superintendent.]

There was a decrease in tlie output of this station (hirin<^ the fiscal

year 1921 as compared witli previous years, tliis condition resultin<^

from the very limited water supply avaihU)le. For a number of

years the sprin<^ that has furnished the station with water has been

decreasing in volume, until during the season of 1920 its flow did

not exceed 25 gallons per minute. Quite opportunely, the city of

Spearfish found it necessary to augment the city supply by con-

structing a new reservoir, and the bureau was able to effect an ar-

rangement whereby it obtains tlie surplus water for its fish-cultural

work. The expense involved in installing the new system made it

necessary to greatly curtail all other expenditures during the year.

From the brood "fish on. hand 222,500 brook-trout eggs, 37,600 Locli

Leven-trout eggs, and 79,000 rainbows-trout eggs were obtained

These collections were supplemented by the transfer of 150,000 rain-

bow-trout eggs from the Bozeman and Springville stations and 200,-

000 of that species from a commercial fish-culturist in Pennsylvania

in exchange for an equal number of brook-trout eggs furnished from
the bureau's Leadville station. Some 46,000 green brook-trout eggs

were purchased from a local source, and 25,000 lake-trout eggs were
received from the Dulutli station. The fry and fingerlings resulting

from all of this stock entered into the general distributions.

SPRINGVILLE (UTAH) STATION AND SUBSTATION.

[Claudius Wai.lich, Superintendent.!

Fish-cultural work in this field during the year resulted in the

distribution to applicants or in local waters from which egg collec-

tions were made of 463.600 No. 2 to No. 5 fingerling brook, black-

spotted, and rainbow trouts, 250,000 eyed rainl)ow-trout eggs, 2,000

fingerling catfish, and 600,000 fry of the Bonneville whitefish from
the Paris (Idaho) substation. In addition to the above approxi-

mately 700,000 fry and fingerlings of the various species of trout

handled remained on hand at the close of the year and a total of

1,202.000 eyed brook-trout eggs were shipped, being consigned to the

Bozeman, Saratoga, Spearfish, and Clackamas stations. These eggs

do not enter into the records as an output of the Springville station.

Eggs to the number of 51,400 were obtained from the brood stock

of brook trout at their first spawning. Because of inadequate facili-

ties for handling the spawning fish there was a loss of eggs from
natural spawning. The eggs taken were of a quality equal to that

from wild fish. Spawning continued throughout the month of

December. The brood stock of blackspotted trout yielded 107,800

eggs, the spawning season extending from March 20 to May 20. An
overflow of muddy water through the pond system during the spawn-

ing season interfered with the nwst efficient conduct of the spawn-

taking work, hence the quality of the eggs w-as somewhat impaired.

vSpawning of the rainbow trout continued from December 30 to

March 19. during which period 179.000 eggs w^ere taken. In con-

trast to the brook trout the rainbows have continued in a healthy and
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growing condition and successful results from the brood stock of
that species are anticipated.

From the collecting stations located on Fish Lake, which are oper-
ating jointly by the bureau and the State of Utah, 1,901,400 brook-
trout eggs and 1,734,800 rainbow-trout eggs were obtained as the
bureau's share of the work. Employees of the bureau occupied the
station at Twin Creeks from October 30 to November 14, after

which the field was left to employees of the State. It is encouraging
to note that the run of brook trout at this point has increased since

the bureau's operations were undertaken, and it has been reported
from reliable sources that a noticeable increase in the average size

of the fish has occurred during the past two seasans, though this has
not been verified by actual measurements or weight. The abundance
of immature fish in the creek and along the shores of the lake appears
to be a further indication of the success of the liberal planting of
large-sized fingerlings.

During the course of the brook-trout egg collections it was noted
that the adult rainbow trout were dying in considerable numbers,
a condition that had existed for several months from information
brought out on inquiry. The cause of the mortality could not be
ascertained. The rainbow-trout spawning season at Twin Creeks
occurred between May 1 and June 4, and at this time there was no
indication of the mortality noticed in the previous fall.

There are several promising opportunities for extending the trout

work of this station, among which may be mentioned the Kayune
Reservoir, which is the property of the U. S. Fuel Co. This reser-

voir has been offered to the bureau exclusively for fish-cultural

work, and the reports received from the plants of brook trout and
rainbow trout made in it are most encouraging. There are very
good prospects for early railroad communication with the Straw-

berry Reservoir, of the Reclamation Service, which is at present

inaccessible during the spawning season of the rainbow trout. A
recent investigation of Jorgensen Creek, a tributary of Fish Lake,

about 4 miles from the present camp on Twin Creeks, indicates that

a field station might profitably be established at that point. At
the time the place was visited 46 large fish which had been beheaded
by coyotes were noted.

The substation established for the propagation of the Bear Lake
whitefish at Paris, Idaho, was opened on November 22 and operated

until April 10. The usual difficulties encountered during the egg-

collecting season—severe cold, violent winds, and snowstorms—pre-

vailed without abatement. Eggs to the number of 1,056.000 were
taken, from which 600,000 fry were hatched and planted. 500,000

being deposited on the spawning grounds in Bear Lake and 100,000

in L'^^tah Lake.

COMBINATION TROUT AND POND FISH-CULTURAL STATIONS.

The stations possessing the greatest attractions for the general

public are, perhaps, those located in sections of the country where
the natural conditions make it possible to propagate both the Sal-

monidse and the pond fishes. At such stations a brood stock of the
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various species handled is maintained at all times and work of a
strictly lish-cultiiial nature is under way throu^diout the year,
whereas the Hsh-cnhural work at certain of the hatclieries, especially
those jiaiullin<!; the connnercial species, is seasonal in its ciuiracter.

The " combination " stations operated by the bureau are located at
Erwin, Tenn.; Manchester, Iowa; Neosho, Mo.; White Sulphur
Sprin<rs, W. Va. ; and Wytheville, Va. P^llowiufr is the aggregate
output, by species, of this group of stations for 1921

:

BrooJc trout 1,664,950

Ci;ap.pie 14, 332

Largeinoutli black bass 121,978

Pike perch 500, (XR)

Ilaiiibow trout 2,583,244

llock bass 95,385

SuialhiioutLi l)lack l»ass

Sunlisb

Yellow perch

112, 591

62, 355

5S

Total 5, 154, 893

ERWIN (TENN.) STATION.

[A. G. Keeseokkk, Superintendent.]

The aggregate output of this station show s an increase of about 30
per cent over that of the previous 3'ear. The spawning season of the
rainbow trout began on November 8 and continued to January 27,
the total egg collection amounting to OHG,000, of which 822,000 were
eyed. AVitli the exception of 55,000 eyed eggs supplied to the State
hatchery at Elkmont, Tenn., the entire lot Avas incubated in the
Erwin hatchery. The losses were merely nominal, and the output
of this species for the year amounted to 755,100, this number includ-
ing 59,926 fingerlings derived from eggs transferred from the Neosho
(Mo.) station. As an addition to the brood stock 10,000 steelhead
eggs transfei-red from the Birdsview (Wash.) station wei-e incubated,
producing 9,300 fry. The year's work wath the rainbow trout indi-
cates a A-ery satisfactory improvement, both with regard to the pro-
ductivity of the brood fish and the quality of the eggs secured. No
brood stock of brook trout is maintained at this station, all eggs of
that species handled being acquired by purchase from commercial
dealers. During the year the 439,300 eggs thus acquired resulted in
an output of 300,435 fingerlings.

The spawning season of the smallmouth black bass began on
April 13 and continued to May 28. Twelve nests were occupied, and
10 of them were productive, though the percentage of fry hatched in
each nest w^as small. The distribution of this species amounted to
5,1G5 fingerlings, and it w\as estimated that upward of 3,000 w^ere on
hand at the close of the year. The outcome of the operations with the
largemouth black bass was better, 65,980 of these being available for
distribution, with approximately 10,000 on hand at the end of June.
During the spawning period, extending from April 13 to June 1, the
warm weather during the spring was followed by colder w^eather, and
this was an imjwrtant factor in reducing the output of both species
of black bass. The year's distribution also included 17,200 rock bass,
400 strawberry bass, and 20,350 sunfish, all fingerlings.
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MANCHESTER (IOWA) STATION,

[Frank E. Hare, Superintendent.]

The output of this station consists of 125,500 eyed eggs of the rain-

bow trout and G78,585 fry and fingerling fish of the different species

propagated. The rainbow-trout brood stock did not yield an alto-

gether satisfactory return, there being only 378,600 eggs taken. With-,

the maturity of plans now being formulated a very decided improve-
ment in this direction is confidently expected. During the spring

25,000 eggs taken from wild rainbow trout were transferred to Man-
chester from the bureau's Montana station with the view of infusing

new blood in the brood stock, and the product of an equal number of

steelhead eggs shipped from the Birdsview (Wash.) station will also

be reared with that end in view. The adult brook trout, consisting

of 625 2-year-old fish and 35 fish 3 years old and over, yielded 58,000

eggs. These fish were again affected by a gill disease just prior to the

spawning season and suffered a heavy mortality. Brook-trout eggs
to the number of 550,000 were obtained from commercial dealers in

Massachusetts and incubated with satisfactory results. The cold

weather of the late spring reduced the output of largemouth black
bass to 2,500 fingerlings, but better success attended the culture of
the rock bass, the distribution of that species amounting to 53,910

No. 1-J fingerlings.

NEOSHO (MO.) STATION.

[Fred J. Foster, Superintendent.]

There was a very satisfactory increase in the output of rainbow
trout from this station for the fiscal year 1921. The records indicate

that the egg shipments were increased over those of the preceding
year by 48 per cent, while the increase in the number of fingerling

fish distributed was as high as 117 per cent. The improvement was
not confined solely to the increased number of fish and eggs produced
but has been extended to the quality of the product and a betterment
of the condition of the brood stock.

For a number of years the station has been supplied with water
from two sources—^the Hearell Spring and the McMahon Reservoir.

Observations made by the superintendent led to the belief that the

eggs of fish held in ponds supplied from the spring were not equal,

either in numbers or quality, to those taken from fish in ponds sup-

plied from the reservoir. For the purpose of testing the soundness
of this theory the following experiment was conducted: A number
of 3-year-old rainbow trout from the same hatch, which up to the
time of the experiment had been held in the same pond, were divided
into two equal lots. One lot was placed in pond No. 18, supplied
entirely with water from the McMahon Eeservoir, and the other was
placed in Pond F, supplied largely from Hearell Spring. The eggs
obtained from fish held in the McMahon water proved 82 per cent
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fertile, while the rate of fertility of the other lot was only G7.

This and further experiments along the same lines gave these results:

Pond.
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WHITE SULPHUR SPRINGS (W. VA.) STATION.

[Dell Brown, Superintendent.]

Work at this station during the year was conducted along the usual
lines. The results from trout propagation, both the brook and the
rainbow, were of a satisfactory nature, but, on the other hand, the
spawning of the two species of the pond fishes turned out to be an
almost total failure.

The brood stock of approximately 2,700 female rainbow trout 2
years old and older produced 1,058,900 eggs, or more than a half mil-

lion in excess of the iDrevious season's collection. Only 68 per cent

of them hatched, however, and the cause of this; heavy mortality can
not be explained. On reaching the eyed stage 447,000 were supplied
to applicants and transferred to other stations of the bureau. The
remainder were incubated at the station, together with a consignment
of 100,000 received from the Wythevillc (Va.) hatchery. The brood
stock of brook trout, consisting of about 150 3-year-old fish and 350
2-year-old fish, yielded 80,000 eggs, which number was supplemented
by the purchase of a million eggs from commercial dealers in New
England. The so-called " white-spot " disease caused some mortality
among the fry of this species just prior to the feeding stage, and a gill

affection was prevalent later among the fingerlings. Eggs to the
number of 22,000 were taken from 150 3-year-old albino brook trout.

The males of this lot appeared to be lacking in virility, and some diffi-

culty was experienced in obtaining the necessary fertilizing medium.
Nine thousand fingerlings resulted from these albino aggs, 1,000 of
which were furnished to applicants, leaving 8,000 on hand at the close

of the year.

A consignment of adult smallmouth black bass obtained from Lake
Erie waters for a brood stock survived the winter without undue loss,

numbering 115 at spawning time. During the spring 46 nests of this

species were noted in the ponds, and the output of fry amounted to

100,500. The 23 largemouth black bass on hand produced 25,800 fry

and 600 fingerling fish. The results from the rock bass and sunfish

were negligible. This condition was attributed in part to lack of
jjroper nourishment, it having never been the custom to feed the

brood-pond fishes at this station. Steps have now been taken to feed

them on beef heart, and the results will be carefully noted.

WYTHEVILLE (VA.) STATION.

[George A. Seagle, Superintendent.]

During the spawning season of the rainbow tronti the 2.960 adult

females on hand yielded 870,352 eggs, of which shipments totaling

480,000 were transferred in the eyed state to applicants and to other
hatcheries of the bureau. The spawning season was unusually pro-

tracted, extending from October 10, 1920, to March 15, 1921, the

wild fish recently introduced into the brood stock probably being the

later spawners.
At the beginning of the spawning season 695 2-year-old fish were

turned over to a representative of the scientific division for experi-

ment. From these fish 30,500 e^^ed eggs and 19,000 fry were returned

to the hatchery stock at the end of the season's investigations, and
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they are includet] in the station's output. The experimental work
connected with the spawnin<:: of the rainbow trout will he continued

over a series of years, the operations next year to })e conducted at

Erwin, Tenn. With this end in view 410 of the adult fish involved in

last season's work have been transferred to Erwin.
The output of brook trout from the station was reduced to nejj:li-

•jible proportions by an aj^parently infectious disease which attacked

the fry shortly after incubation was comi)leted. E^ps from commer-
cial hatcheries to the number of 274,0(K) were received, but because

of this trouble only 80,900 fry were available for distribution. The
output of this species also included 1,900 No. 4 fingerlings carried

over from last year's hatch.

The largemouth black bass, usually prolific at this station, pvo-

duced very few young. The brood stock consisted of 194 fish, and
during April 60 nests were counted in one pond. A sudden drop
in temperature had the effect of destroying all the eggs deposited,

and the few fry produced were the result of a later sj^awning. The
distribution of rock bass consisted of 14,060 fingerling fish Nos. 2
and 3 produced from 230 brood fish, while 10,325 sunfish comprised
the output from a stock of 200 breeder^s of that species. Adult
crappie to the number of 47 were carried through the year, but so

far as could be ascertained the fish did not spawn, nor have they been
known to take food. Of the 20 catfish transferred from the Cold
Springs (Ga.) station last year only 5 remained at the end of June,
1921. Because of the rather dense growth of vegetation in the pond
in which they were carried nothing could be learned as to any pos-

sible spawning activities. A consignment of 500,000 pike-perch eggs
received from the Swanton (Vt.) hatchery was successfully incu-

bated, and the resulting fry were planted in New River, Va.
With the view of increasing the efficiency of the work at the

Wytheville station, particularly in connection w4th trout propaga-
tion, further repairs and improvements were made in addition to the

new water-supply system installed last year. The more important
features of this improvement were the demolition of the old wooden
building used as a nursery and the construction of a new two-story
building 56 by 36 feet. The building is of concrete to the window
sills of the second story and of frame construction above that. It

will contain 60 standard troughs—20 on the first floor supplied with
brook water and 40 on the second level—which may use either brook
or spring water, or a mixture of both as may be desirable. An en-

larged settling tank and filter are also in process of construction for

the correction of the turbid condition to which the spring water is

subject for long intervals after heavy rains.

WORK OF POND FISH-CULTURAL STATIONS.

Climatic conditions play an important part in all branches of fish

culture, but the success or failure of a season's work at a pond-cul-

tural station is peculiarly susceptible to temperature changes in the

spring. If the weather in the early spring is warm, the spawning
activities of the fish, particularly the basses, are hastened. Should
this condition be followed by a period of falling temperatures, it

inevitably results in the desertion of the nests by the adult fish and
the loss of practically all the eggs produced.
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Future work looking to an increase in the output of the pond fishes

must lie along the line of more intensive cultural methods. The
proper steps to be taken in this direction are as yet more or less

of an unsolved problem, but such studies as have been made would
indicate that the problems are subject to satisfactory and practical

solution. To the practical fish-culturist the deductions formed by
observation of the results obtained from a certain pond giving most
excellent results are sometimes seemingly contradicted by the results

from another pond where conditions, from the generally accepted

theories, are more favorable. Further investigations and studies of

these interesting and important problems are urged as being abso-

lutely essential.

Another point in connection with the operation of the pond sta-

tions is to determine the most suitable and effective way to distribute

the output. The very young fry can not be successfully handled.

Even the transfer of such fry to rearing ponds usually meets with

a very heavy mortality. On the other hand, if they are retained

in the spawning ponds with the adults the first fry appearing are

sure to prey to a large extent Oxi the progeny of the later spawners

and will themselves fall a prey to the adults. The loss of 3'Oung

fish from cannibalism is large in an artificial pond under the best

of conditions. Perhaps the most suitable time to effect the trans-

fer to rearing ponds or to distribute the fish in them is in the ad-

vanced fry or No. 1 fingerling stage. At this time they are hardy
enough to withstand careful handling, and, being still under the

guardianship of the male parent, may easily be taken in a net as they

school along the shores of the pond.

SUMMARY OF OUTPUT,

The output of the stations devoted to the culture of the so-called

warm-water or pond fishes during the fiscal year 1921 aggregated

2,473,711, as opposed to a production of 1,837,598 the preceding

year. The seven stations included in the pond fish-cultural group

are given in the table below, with the figures of the aggregate out-

put of each for the fiscal years 1920 and 1921, The Edenton (N. C.)

station, though listed with the pond fish-cultural stations, also does

important work with the shad and glut herring, mention of which

is made on pages 42 and 44 in this report.

Output of Pond Fish-Cultural Stations, Fiscal Yeaes 1920 and 1921.
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COLiD SPRINGS (GA.) STATION.

[Charlks W. Biti,L(x'k, Supciintcndcnt.]

Five spawning and two rearing ponds were completed during the

year at this station, and it was hojjed the additional facilities pro-

vided would permit of a material increase in output. As at other

points in the Southern States, the weather during the bass s])awning

season was not proi)itious. There was a heavy spawning during an
unusually warm period in March, permitting of the shipment of more
than I(k0)()O advanced fry in April, whereas the distribution does not

usually begin before May 1. A sudden cold spell in April caused a

drop of 20 degrees in the water tenii)erature. This resulted in de-

stroying Avhat had appeared to be bright prospects for a remarkably
successful season. During the cold weather many of the schools

disappeared, and the fish hatched later were small and their rate of

growth slow. The few stragglers surviving from the schools de-

stroyed preyed freely on the weaker fish. Perhaps not of the least

importance in contributing to the disappointing results was the al-

most total disappearance from the ponds of the cladocerans, cope-

pods, and cliii'onomids that had been observed in abundance during

the early spring. While the numbers of bass produced for distribu-

tion represent a very fair average for the station, in view of the

promising outlook in the early spring the results are disappointing.

At the Harris Ponds substation catfish and bluegills are reared in

the same ponds. In certain respects the bluegills can be more satis-

factorily handled than the bass, as they take readily to artificial

feeding. It is never possible to anticipate results in the propagation
of catfish. In certain seasons the output will be ample for all needs,

while the next season, under apparently identical conditions, only
small numbers of young are produced. During the past season only

5,000 fingerlings were obtained from 60 adults. In the course of the

spring one of the ponds were stocked with 50 adult catfish in addition

to the bluegills. Later in the season a heavy mortality occurred as a
result of a parasitic affection.

Attempts to propagate crappie at this station have not been par-

ticularly successful. Two ponds devoted to the species produced
1,750 fingerlings. Two hundred of these were i-eserved for brood
fish, but as they are very shy and nervous, refusing to take artificial

food, it is doubted if they will be of much value in that connection.

The station water supply is lacking in lime or other mineral sub-

stance, excepting for a trace of silica. The presence of lime in solu-

tion has always been considered desirable in pond fish culture. By
way of experiment the water supply to one of the ponds was ar-

ranged to pass over a cask of lime, and the results are being noted.

The output of the station for the fiscal year consisted of 212,555
largemouth black bass, 4,120 catfish, 1.550 crappie, 61,350 sunfish,

and 100 warmouth bass. Approximately 145,000 of the bass were
fry, while the others were all of the fingerling size.

EDENTON (N. C.) STATION.

[Edw. M. Hatxes, Superintendent.]

Five ponds at this station are devoted to the production of the

pond fishes, and their output for the year consisted of 23,085 large-

100267°—22 5
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mouth black bass and 9,904 sunfish, all of the fingerling 2^ size.

Thirty adult crappie, obtained during the season for use as brood
fish, failed to reproduce, the fluctuating air aiKl water temperatures
during the spawning season having a decidedly unfavorable in-

fluence on these fish, as it also did on the bass. No recent changes
have occurred in the method of conducting the work at this point.

LOUISVILLE (KT.) STATION.

[Charles W. Buknham, Superintendent.]

The fiscal year 1921 marks the most successful season in the his-

tory of the station in the production of fish. The output aggre-
gated .1,020,450 fry and fingerlings, divided, by species, as follows:
Largemouth black bass, 33,100; rock bass, 4,500; smallmouth black
bass, 166,700; sunfish, 76,150; and yellow perch, 750,000. These
fish were distributed to applicants in Kentucky, Indiana, and Ohio,
and liberal plants of sunfish were made in local waters.

The brood stock of smallmouth black bass was increased during
the year by the purchase of 277 adults from Lake Erie fishermen.

Of this number 52 died shortly after being received. The remain-
der were placed in a spawning pond, but failed entirely to spawn.
It is difficult to assign a reason for this, as the fish appeared to be in

a healthy condition throughout. A number of those that died from
the effects of transportation were examined and found to be carry-

ing eggs, and the 125 older fish at the station produced very excellent

results under similar conditions.

It is perhaps worthy of mention here that of the 200 adult small-

mouth black bass sent to the Mammoth Spring (Ark.) station from
Lake Erie none survived the winter. In connection with the propa-
gation of the basses, it is interesting to note that the young small-

mouth black bass grow much more rapidly than the young of the

largemouth black species.

Yellow-perch propagation at Louisville was successful this sea-

son, the 750,000 fry distributed being the progeny of 300 brood fish.

It may be possible to considerably extend this branch of the work
by increasing the number of breeders carried in the ponds.

MAMMOTH SPRING (ARK.) STATION.

[William S. Vincent, Superintendent.]

A considerable amount of work looking to the improvement of
the pond system was accomplished at this station during the year.

Such work in the main has consisted in the installation of concrete
" kettles " and outlets in many of the ponds, comprising what is

believed to be an innovation in pond construction. (See Fig. 3, opp.

p. 68.) Improvements were also made in the drainage system. Four
small rearing ponds were converted into one large one, and work
was done for the improvement and increased fertility of the bottoms
of the ponds.
In an effort to build up the brood stock a number of adult fish of

the various species propagated were obtained from local waters dur-
ing the late summer and early fall. In October 200 adult small-

mouth black bass were transferred from Lake Erie. Most of these

were unable to survive the winter, and all had perished prior to the
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spawninjn^ season. TTence, the total number of l)roo<l fish of this

species on hand at that period did not exceed 200. The snialhnouth
black bass were first observed to be spawninf; on Marcii 2S, wlien 12

nests were noted, and 'is nests had been occupied by April S. By tlie

end of the third day fun^^us had entirely destroyed the e^^^s on the
first 12 nests, and only a ne<j;li<ril'le number of fry was produced from
the remainder of the iirst spawning. Spawnin<jj was resumed on May
6 and 7, wdien 12 more nests Avere occupied. From this spawnin*^
the total output of smallmouth black bass, amountinf^ to 20,500 fry
and fin<;erlin<; fish, was obtained. No satisfactory ex})lanation for
the failure of the early s])awnin*»: is at hand. The lonji^ interval be-

tween the spawninjjj jieriods observed this season is umisual. In
previous years it has rarely exceeded one week. In addition to the
smallmouth black bass, smaller numbers of the largemouth black bass
and rock bass were distributed.

ORANGEBURG (S. C.) STATION.

[George W. N. Brown, Superintendent.]

At this station a new pond, approximately 1 acre in area and sup-
plied with water from sprin<rs at the head of the small cove in which
it is built, was completed and stocked with bass. The output con-
sisted of 20-l,67r) laro;emouth l)lack bass, 300 crappie, 500 rock bass,

and 14,200 sunfish (bluegills). all of finfrerling size. A small number
of sunfish carried over from the previous year were distributed in con-
nection with the current season's hatch. The station has also a small
stock of the spotted catfish (Icfalurus punctatus), and it was esti-

mated that approximately 1,000 young of the species were on hand
at the close of the year.

SAN MARCOS (TEX.) STATION.

[Makk Riley, Superintendent.]

The distributions from this station for the j'ear 1921 included the
follov,-ing species: Largemouth black bass, 257,715; catfish, 70,000;
crappie, 5,90-1: rock bass, 320; sunfish, 74,872. The San Marcos
station has for a number of years been successful in producing goodl}'^

numbers of fish for distribution at a cost that compares favorably
Avith that at any other station. Local conditions seem particularly
suited to the purpose, and, unlike the conditions at all other stations,
it is not necessary to supply artificial food for either the young or the
adult fish. The output for the year 1921 was curtailed by fluctuating
water temperatures during the spring and. further, by the ponds
overflowing on two occasions, an occurrence that is caused by the
unsatisfactory method of street drainage. To augment the produc-
tion of fish beyond the capacity of the station ponds it has been
customary to stock privately ow^iied ponds or " tanks " with fish, Avith

the understanding that the bureau shall have the priA'ilege of taking
a reasonable number of the ]n'ogeny for distribution. Very satis-

factory results have been obtained by this method, particularly Avith

the crajjpie.
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TUPELO (miss.) station.

[David Davies, Superintendent.]

The output of this station for the year consisted of 405,500 large-

mouth black bass, 73,005 sunfish, and 1,280 crappie, and the distribu-

tion was extended to approximately 310 applicants, located in Mis-

sissippi, Alabama, Tennessee, Arkansas, Louisiana, and Kentucky.

The station output was also supplemented by a carload shipment of

miscellaneous fishes from the rescue field on the upper Mississippi

River, consisting of crappie, catfish, rock bass, buffalofish, carp, and
yellow perch, all of which entered into the general distributions.

^

Of possible interest in connection with pond fish culture was the

unusually late spawning of the largemouth black bass this year.

On August 19, 1921, a lot of 3,000 advanced largemouth black-bass

fry were taken from one of the station ponds, and again, on Sep-

tember 28, another lot of the same species and size was obtained.

PRACTICAL DEVICES FOR USE IN POND FISH CULTURE.

A PRACTICAL SYSTEM OF CLEANING FISHPONDS.

The necessity for the frequent cleaning of ponds in which fish

are retained under artificial conditions is well known. If the ponds
are of cement or lumber construction, the usual method of cleaning

is to lower the water level and scrub the sides and bottom of the pond
with a suitable brush. During the cleaning process the water in the

pond becomes turbid and polluted from stirring up the accumulated

sediment and filth from the bottom of the pond. The fish are forced

to endure this unnatural condition until the pond is scrubbed, the

accumulation of sediment flushed out through the outlet, and the pond
again filled with clear water. In addition to this unfavorable condi-

tion to which the fish are exposed they are subject to further possible

injury by bruises from contact with the brushes used in the scrub-

bing process. These conditions are entirely unavoidable under the

system of cleaning in general use.

At the Manchester (Iowa) station a system of cleaning ponds that

successfully overcomes both these difficulties has been adopted. (See

Fig. 2.) At this station there are eight stock ponds of cement con-

struction. They are approximately 80 by 13 feet and are 3 feet deep

at the outlet, the bottom sloping upward toward the inlet, where the

depth is 2^ feet.

For the proper cleaning of the ponds a cement wall or dam, ex-

tending into the pond 4| feet from each side, is installed, leaving a

4-foot opening in the middle. This dam is placed 20 feet from the

inlet end of the pond and is 1 foot high. The open ends are

grooved to accommodate a dam board 2 inches in thickness. In

cleaning the pond the water level is lowered until that portion of

the pond bottom between the inlet and the division wall is just cov-

ered. The pond being deeper at the outlet end, there is still sufficient

water to hold the fish safely while the other section of the pond is

being cleaned and flushed. After cleaning the first section the water

is permitted to rise until the division wall is about submerged. The
fish are then driven through the 4-foot opening in the wall into the

clean section of the pond by the use of a " push screen." A board
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2 inches thick, 1 foot wide, and 4 feet long is inserted in the grooves
in the ends of the division wall to retain the fish, while tlie remaining
portion of the pond is being cleaned. The dam board has a saw
tooth edge permitting the overflow water to pass but preventing
the escape of the fish.

The " push screen " consists of a frame made of 1 by 4 inch lum-
ber, to which is attached poultry netting of 1-inch mesh or smaller
if the size of the fish requires. The smaller dimension of the lumber
forms the face of the screen, to offer but slight resistance when being
pushed through the water. Its shape conforms to the shape of the

ponds. At Manchester the sides flare outward. In size it is some-
what shorter than the width of the pond for convenient handling,
and to prevent the escape of fish around the ends strips of heavy
duck or canvas belting are attached to each end of the screen. Iron
staples driven into the bottom board at suitable intervals and slightly

protruding will serve to keep the board from dragging on the bot-

tom of the pond and facilitate the easy movement of the screen

through the pond.

POND OUTLET AND " KETTX,E."

As being of possible interest and value to persons interested in the

subject a drawing of the pond outlet and " kettle " previously men-
tioned (p. 64), with descriptive text and specifications for construc-

tion, are given (Fig. 3).

In referring to the cut of the pond outlet and " kettle " it will be

noted that it contains features not embodied in other constructions

of a similar character. The drain box is made in about the same
manner as those now in use at many stations, but in place of the

wooden dam boards it has a cement dam B^ the height of which
is determined by the water level when the pond is filled. If it is

desired to raise the water level of the pond, the wooden dam boardb
can be dropped in the slot C. The screen D is the same as those

now in use. To draw down the water in the pond, a gate valve A
is so placed at the bottom that all of it can be drawn through the

kettle. To make this removable, a flanged valve of the standard
low-pressure type is used. A short nipple with a flange on one end
is placed in the forms when making the drain box. Later a rubber

gasket is cut to size and the gate valve is bolted into place. It is

not necessary to bolt the valve around the bottom, since it may be

desirable at some time to remove it, and it would be a difficult matter

to get at bolts so located. A 6-inch gate valve as described above
measures approximately 104 inches from face to face of flanges.

Therefore, a standard valve should be used in place of the medium or

heavy service valves. It will be necessary to place the flange of the

nipple as close to the cement dam B as possible. Therefore, the

bolts should be put in place before cementing.

Another feature of the plan is the construction of a cement
" kettle " in front of the drain box. It will be noted that the side

walls of this kettle extend approximately 12 inches above the earth

floor of the pond, so that in drawing down the water in the pond
when it drops below this point it must then enter at the sluice gates /.

The small fish will be drawn down through these gates and will

immediately seek the more quiet water at the upper end of the kettle.
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The water in this portion of tlie kettle is more or less clear. If only

a few fish are desired, they can sometimes be dipped out with the

ordinary hand dip net. In some instances it has been found ad-

visable to put a cement walk around the outside of the kettle. This
enables the tish-culturist to dip the fish out with greater ease and
without a<!;itating the mud on the earth bottom of the pond.
AVhen it is desired to draw the water entirely off the pond, it is

first lowered to about one-half its depth and the mud on the bottom
of the kettle is stirred with a long-handled spade or broom until it

is well agitated, when the gate valve A is opened wide and it is

flushed out. After this the pond may be drawn down slowly and the
fish drawn into the kettle. When the earth bottom of the pond is

bare, there will be 1 foot of water in the kettle.

A 6-inch gate valve is sufl^iciently large for a pond one-half acre or
less in area, an 8-inch valve for a three-fourths acre pond, and a 10-

inch valve for a l-acre pond.

.^y SPECIFICATIONS.

Gate valve A is flanged and bolted to companion flanges F on
nipple E\ which passes through the center of cement dam B. The
height of dam B is to correspond with the desired water level in the
pond. Should it be necessary to raise the water level, wooden dam
boards may be dropped in the slot 0. D is the screen made in one
or two sections, with a mesh in accordance with the size of fish to be
carried. The gate valve should be set low enough for the water to

drain out of the kettle //. Kettle // is constructed with end and side

walls 12 inches higher than the earth bottom of the pond.
Preparatory to drawing down the pond for the removal of the fish

the water is lowered by opening the gate valve with extension rod /
to a point where it is possible to clean the bottom of the kettle with
a long-handled brush. The mud and roily water is flushed out by
opening the gate valve wide.

In drawing down the pond after the water level drops below the
top wall of the kettle all water from the pond must enter at the side

sluices /. This leaves the water comparatively quiet in the upper
end of the kettle. The small fish seek that portion of the kettle and
may easily be removed with a hand dip net.

Material in drain hox.

Sides 8 inches, bottom 6 inches; total amount concrete, 50 cubic feet.

Cement bags 12
Sand cubic feet__ 22. 5
Stone and gravel do 45

1-2-4 mixture. Sand and broken stone
or screened gravel.

Sides inches, bottom G inches ; total amount concrete, 38 cubic feet.

1-2—4 mixture.
Cement bags__ 9
Sand cubic feet__ 17
Stone or gravel do 34

Fittings for (Irain "box.

6-inch standard, flanged gate valve.
6-inch companion flange.

6-inch nipple 6 inches long,
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Reinforcement for dam.

Galvanized stock fence wire, 24-inch widtli preferred.

Material for kettle.

Walls 6 inches, bottom 6 inches ; total amount concrete, 80 cubic feet.

Cement bags 20
Sand cubic feet__ 38
Stone or gravel do 75

1-2-4 mixture.

MODIFIED FORM OF POND OUTLET.

Figure 4 on page 71 shows a modified form of the outlet just de-

scribed, Figure 3.

In this outlet terra-cotta i)ipe has been substituted for iron, and
the bell end of the terra-cotta ell, closed by the wooden disk, re-

places the gate valve, while the cement dam, screen, removable
wooden dam boards, and other features remain the same. When
the pond is full, the ell opening is closed by the wooden disk, made
tight by the use of clay. The wooden dam boards need not be used

unless it is desired to raise the water level above the height of the

permanent cement dam. To drain the pond, the wooden dam boards

are fitted into their proper place and the wooden disk closing the

ell opening in the terra-cotta dam pipe is removed by means of the

iron rod to which it is attached. The depth of water at any stage

of the operation may be controlled by proper manipulation of the

wooden dam boards.

Each of the outlets described here, as well as the one described in

a previous publication of the bureau,^ has distinctive points of ad-

vantage and have been developed in meeting the varied conditions

encountered in fishpond construction. It remains for the prospec-

tive pond builder to select the type best suited to his needs. The
types described here are considered particularly desirable in ponds
of comparatively large area or where the amount of water to be

carried requires the use of correspondingly large pipe. The con-

venience of the valve in controlling the flow of water in drawing
the pond, Figure 3, is easily recognized, but practically the same
results are obtainable with the simpler installation shown in Fig-

ure 4, and the cost of fittings for this type will be somewhat less.

Work of Central Station, Washington, D. C.

[L. G. Harron, Superintendent.]

Beginning with rainbow-trout eggs in December, 1920, and clos-

ing with pike-perch eggs in May, 1921, there were incubated in the

hatchery apparatus maintained in the fisheries building at Wash-
ington for public display 7,717,000 fish eggs, representing eight

species of fish—chinook salmon, rainbow and brook trouts, white-

fish, cisco yellow perch, pike perch, and shad—from which 6,400.327

fry and fingerlings were distributed to applicants in Maryland,
Virginia, West Virginia, Delaware, Pennsylvania, and New York.

' Coker, R. E. : Progress in Biological Inquiries, 1921. Report of the Division of Scien-
tific Inquiry for tlie Fiscal Year 1921. Appendix VIII, Report, U. S. Commissiouer of
Fisheries for 1921, 38 pp., 2 figs. (A new Form of Pond Outlet, pp. 21-24, Figs. 1 and 2.)

Washington, 1922.
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Fig. 4.—Plan of a simple anrt inexpensive outlet for fisbponds.

(Designed by G. C. Leach.)
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In addition to the hatchery exhibit a display of adult fresh-water
fishes was maintained in the aquaria throughout the year. The
total nimiber of fish exhibited was 2,614, representing 45 species.
Collections for restocking were made from time to time from the
Potomac River at Bryans Point, Md. Other sources of supply were
the bureau's stations at White Sulphur Springs, W. Va. ; Bellevue,
Iowa; Bozeman. Mont.; the New York Aquarium, and the New
York Conservation Commission hatchery at Caledonia, N. Y.
The health of the aquaria fishes throughout the year was gener-

ally good, with the exception of a short period duriijg May and
June, when a number of the fish were attacked by the parasite
Ichthyophthirius, causing a considerable loss, particularly among
the warm-water fishes. It has recently been found that this para-
site may be destroyed by treating the fishes infected with a saturated
solution of bicarbonate of soda. The solution is conveniently ap-
plied directly to the fish when held in shallow water with a small
paintbrush. The treatment removes the mucous coating from the
fish and destroys the parasite with no injury to the fish.

Spawning Seasons of Fishes Handled at Stations.

Records of the spawning seasons of the various species of fishes

handled at the bureau's stations during the fiscal year 1921, together
with the water temperatures at the beginning and end of such pe-

riods, are given in the .following table, in which the stations are

grouped and arranged as in the preceding discussion of the propa-
gations of the commercial species and the species for stocking the

interior waters; that is. Pacific salmon, Great Lakes, Marine, New
England salmon and trout, Rocky Mountain trout, combination
trout and pond fish-cultural, and pond fish-cultural stations.

Spawning Seasons of Fishes Handled at Stations, with Wateb Tempeba-
TUKES AT Beginning and End of Periods, Fiscal Year 1921.

PACIFIC SALMON STATIONS.
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Spawning Seasons ok Fisifes Handled at Stations, etc.—Contimietl.

PACIFIC SALMON STATIONS—Continued.
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Spawning Seasons of Fishes Handled at Stations, etc.—Continued.

ROCKY MOUNTAIN TROUT STATIONS.
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Spawning Se:asons of Fishks Handi.ko at Stations, etc.—Continued.

POND FISH-CULTURAL STATIONS—Continued.

75
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Pounds and Cost per Pound of Fish Food Used, Fiscal Year 1921—Continued.

NEW ENGLAND SALMON AND TROUT STATIONS.

Station.
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FOOD FOR BASS.

One of tlie principal problems encountered at most of the pond
(ish-cultural stations pertains to a suitable food supply for both

Youno- and adult bass. At the Cold Sprin«j:s ((Ja.) station fresh

inullet was for a number of years the staple food for the bass, but

this material has not given entire satisfaction, and recently the price

has been jiroliibitive. Beef hearts and groupers have been tried, but

the fish show some reluctance in accepting either of these materials.

More recently pork hearts have been tried with very satisfactory

results.

TESTS WITH HERRING MILT AS FOOD FOR RAINBOW TROUT.

During the past year the bureau has purchased several cases of

canned herring milt' for the purpose of testing its value as a food for

young rainbow^ trout. It has been tried at several hatcheries, and
while the results of the tests made in comparison with other foods in

more general use are not necessarily conclusive they seem to indicate

that canned herring milt when used alone is not a satisfactory

article of diet for young trout, though when used in combination

with a meat product it may pei'haps be considered a desirable article

for the fish-culturists to keep on hand as an emergency food. It has

the advantage of being easily prepared, does not "smoke " or discolor

the water, and will keep for a long period.

A noticeable feature in connection with this experiment is that

for a short period—ranging from 10 to 17 daj's—the fish receiving

herring milt exclusively appeared to thrive equally as well as those

receiving a meat diet aiid the mortality w^as not greater, but beyond

that time the death rate increased so rapidly that in most cases the

experiments were discontinued, as it appeared that none of the fish

would survive under the treatment. A change to the usual foods ap-

pears to have restored normal conditions among the fish.

The tabulated statement of the results of these tests in feeding

may be of interest. Rainbow trout were involved exclusively, and

in each instance the fish had not previously received artificial food.

Results of Tests with Herring Milt as Food fob Rainbow Trout.

BRWIN (TENN.) STATION.

[Test continued for 16 days—2,500 flsh per trough.]

Trough
num-
ber.

Food used.

1 Beefheart
2 ; Canned herring milt

.

Weight per 1,000 flsh—

At be-
ginning of

test.

Ounces.
6
6

At end
of test.

Ounces.
8
7

Gained
during
test.

Ounces.
2
1

Loss per
1,000 fish

during
test.

Per cent.

21i
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Results of Tests with Hekking Milt as Food for Rainbow Trout—Contd.

NEOSHO (MO.) STATION.

[Test continued for 30 days—2,000 flsh per trough.]

Trough
num-
ber.

Food used.

Weight per 1,000 flsh.

At be-

ginning of

test.

At end
of test

.

Gained
during
test.

Loss per
1,000 fish

during
test.

1

2

3

4

Canned herring milt 3 days, beef hearts 3 days, alter
nately

Canned herring milt 3 days, sheep liver 3 days, alter-

nately
Beef heart
Sheep Uver

Ounces.

6

6
6
6

Ounces.

12i

lU
iy|
12

Ounces.

^

131
6^

P er cent.

4A

WHITE SULPHUR SPRINGS (W. VA.) STATION.

[Test continued for 20 days—10,000 flsh per trough.]

1

2
3

Canned herring milt ,

Sheep hver
Canned herring milt 10 days, sheep liver 10 days, alter-

nately

4i
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fish-ciiltiiral stations, Tliis diversion is ajit to result in a compara-

tive hu'k of interest in the work of the home stations, and not in-

frequently it curtails their operations. Moreover, men drawn from

other lines of activities can not be expected to be as familiar or as

efficient in the prosecution of the rescue work as will men who can

devote all their time to it. The work has p;i'own to such proportions

that men drawn from the fish-cultural stations can no longer handle

it to the fullest advanta<i;e under such conditions.

The rescue Held would ail'ord profitable employment for such a

force throughout the year, the line of operations to be something as

follows: Kescue of fishes along the upper reaches of the river Avould

occupy the attention of the men from July to December, during

which time a ci-ew of five men could save from 8,0()(),()()0 to 1{),()()0,0()()

fish, at a total approximate cost of $2,000. That number of fish pur-

chased from commercial fish-culturists would cost the bureau from
$25,000 to $80,000 and to citizens of the Mississippi Valley would
represent a food value of $1,000,000 to $1,500,000 when placed on the

market three years after being rescued. These figures are very con-

servative when compared with the results attained at the bureau's

regularly established fish-cultural stations. At the close of the res-

cue season important work in the salvage of eggs in connection with
the commercial fisheries in Louisiana would consume practically all

the time of the men from February to April. From Louisiana the

crew would work northward to the confluence of the Ohio and the

Mississippi Rivers, Avhere important fields are open in the three

adjoining States. The Illinois Kiver overflows its dikes during the

spring freshets, and in May or early June large pumps are operated
to remove the water from the land. Many millions of young fish

are thus left in the fields to perish or are passed through tiie juimps
and destroyed. During the comparatively short periods when ac-

tive rescue work is not under way the time could be profitably em-
ployed in repair and maintenance of the equipment used.

In addition to a personnel provided especially for the rescue work
there should be two or three additional holding stations, these being
essential for the " hardening " of the fish required for distribution.

A part of the rescued fish are held in tanks of clear water and " hard-
ened" for several days to enable them to withstand transportation.
They are then shipped in the bureau's specially ec{uipped distribu-
tion cars and planted in suitable tributary waters. Experience has
shown that greater results can be attained in this way than by
returning all fish rescued to the main river. The wider distribution
also gives to people living in various parts of the Mississippi Valley a
better opportunity to obtain fresh fish.

In addition to the refpiirements outlined above, houseboats with
living quarters for a crew of five or six men should be provided.
These boats would be placed in certain sections of the river, and
when the pools at one point had been cleaned up they would be moved
downstream to other fields. Launches will be needed to transport
the crews to and from the fields of operation, to carr}' supplies, and to
distribute fish. It has been found more economical to own launches
than to rent them. Boats for hire are seldom in good running con-
dition, and much valuable time is lost in repairs before the men can
be placed in the field. There will be necessity for a boathouse and

100267°—22 6
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storeroom at a central point for the proper liousincr of boats and
equipment ; also for two dwelling houses to serve as quarters for the
men in immediate charge of the work.

Since the Mississippi River is largely a boundary water, most of

the States regard the rescue operations as a work belonging to the

Federal Government rather than to the States. Most of the States

have rendered excellent cooperation ; but in many cases their appro-
priations for rescue and fish-cultural work have been more or less

sporadic, hence the work could not be well organized nor efficiently

handled. Moreover, most of the States have a problem in maintain-
ing the fish in their interior waters.

Citizens throughout the Mississippi Valley have urged the bureau
to extend this valuable work, arguing that they are entitled to fresh

fish as a food, and that it should not be necessary for them to depend
upon the Pacific coast, the Atlantic coast, or the Great Lakes for

their supply. They can not understand why an earnest effort should
not be made to save the millions of fish that are dying in pools along
the river.

METHODS EMPLOYED IN RESCUING FISH.

A rescue crew usually consists of five men and a foreman. A
launch is employed in going to and from the field of operations,

and the equipment for each field comprises two seines of one-fourth-

inch me»sh, from 50 to 75 feet long and 5 feet deep ; six galvanized-
iron tubs of 1^-bushel capacity; small dip nets; two tin dippers; and
a small flat-bottomed boat, the latter being used in ponds too deep
for wading.
After making a haul the fish are assorted into tubs by species and

size. The number per tub is ascertained by noting the water dis-

placement, one or more rings having been made on the inside of each
tub, and the number established by actual count. The count is veri-

fied several times during the season, as the fish in some instances are
subject to rapid growth.
When first taken from the warm water the fish will not safely

stand a long railway journey. Therefore those intended for dis-

tribution are taken to the nearest holding station and hardened
by being held for several days in cool running water. While the

number of fish diverted for supplying applicants at a distance may
seem large in the aggregate, it represents less than 1 per cent of the
total collections. Such diversions during the fiscal year 1921
amounted to 660,110 fish of miscellaneous species.

REVIEW OF THE WORK.

The aggregate number of fish rescued during the fiscal year 1921
amounted to 120,656,420, a decrease of almost 36,000,000 as compared
with the record of the previous year. Two causes contributed to this

result. Labor conditions were unsatisfactory, making it difficult to

obtain efficient crews at all points at the rate of compensation offered.

The river remained at a high stage for a longer period than usual,

thus permitting large numbers of fish bred in the overflow waters
to return to the river unaided. This appears to have been particu-

larly true with reference to such species as the carp, buffalofish,

and catfish.
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The work l)i><>:an at Prescott, Wis., on Au«,ai.st 12 and was l)i()ii;Lrlit

to a dose at Bollevne, Iowa, on November 10, these dates indicating

an unusually shoit season on account of tlie natural conditions men-
tioned. Tlic work was conducted. in the following fields:

One rrew, with house boat, from I'reseotl, Wis., to Rr<l Win;;, .Minn.; tlu-iici-

to (jleiioa, Wis.
Two crews on house boats from Wabash to Winona, Minn.; thrnre U> Dakota

and Drcssbai'k, Minn.
Two erews from Homor, Minn.
One <Tew from La C!ros.sp, Wis.
One crew from (Jenoa, Wis.
One crew from I<\'rryvilie, Wis.
Twn crews from Lynxvillo. Wis.
One crew from Mai-cinette, Iowa.
Oiie crew witli honse boat from Dubuque to Bellevue, Iowa.
One crew from Bellevue, Iowa.

In addition to the regular rescue work collections of eggs from
carp and l^uffalotish taken by coirimercial fishermen were made at

Bellevue and Lynxville. The eggs were taken, fertilized, and planted
on the natural spawning grounds. Such work was done from Mav
to 25 and resulted in the fertilization of G8,2S7.(K)() buffalofish and
•12.T1S.()()() carp eggs. Had these eggs not been thus handled they
would have been sent to the mai'kets in the fish and lost. While the
planting of fertilized eggs is not considered as efficient as incubating
them in a well-equipped hatchery, it is believed that under certain

conditions it is expedient and results in miu-h goo<l if properly done.

In addition to the ojierations on the u]:)per ^lississippi rescue work
was conducted from the Fairport (Iowa) biological station; also on
the Illinois River at Meredosia and Cairo, 111., and at San Marcos,
Tex. The operations from Fairport and substations were in con-

junction with the pi'opagation of the fresli-water mussel, large num-
bers of the rescued fish being inoculated with the mussel glochidia

before being liberated. Owing to unfavorable Avater stages the active

season at Cairo was very short, extending only from October 1 to 19.

In this field one seining crew working under the direction of the

superintendent of the Louisville (Ky.) station salvaged a total of
1,057,215 fish of miscellaneous species at a total cost of $582.07, or
at the rate of 55 cents per thousand fish handled. In the vicinity of
the San Marcos (Tex.) station 202,886 black bass, catfish, and sunfish

were removed from the bed of a stream, which almost entirely

evaporated during a protracted hot spell, and were deposited in

living waters. Reference to the table on page 7 wnll show the points

from which rescue work was prosecuted during the season, the num-
ber of fishes salvaged at each and restored to the original waters,

and the number delivered to applicants.

Part 2.—DISTRIBUTION OF FISH AND FISH EGGS.

Extent and Character of the Work.

[E. C. Fearnow, Superintendent of Fish Distribution.]

BRIEF REVIEW OF THE WORK.

The 4,962,489,405 fish and fish eggs (see table, p. 5) representing

the net product of the hatcheries and rescue stations of the bureau for
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the fiscal year 1921 were widely disseminated, the distribution reach-

ing practically every State in the Union and the Territories of Alaska
and Hawaii. Consignments of fish eggs were also shipped to the Gov-
ernments of Canada, France, and Switzerland, and an allotment of

fish was forwarded to an applicant in Mexico.
Fully 93 per cent of the output is represented by important com-

mercial species—the salmons, shad, whitefish, pike perch, yellow

perch, lake trout, cod, pollock, haddock, flounder, buffalofish, and
carp. All of such fishes are planted on or adjacent to the spawning
areas where the eggs originate, or the eggs are consigned to State

commissions for incubation and distribution in nonproductive waters

where conditions appear to favor the development of new fisheries.

(See p. 87.) Included under the head of the commercial fishes are

the large numbers of food fish annually salvaged from the overflowed

territory along the Mississippi River and at other points (see pp. 7

and 78) , a branch of the work that has become one of the most popu-

lar, practical, and beneficial of the bureau's activities.

Among the more important species propagated for the stocking of

interior waters are the brook, rainbow, and blackspotted trouts, the

largemouth and smallmouth black basses, rock bass, sunfish, crappies,

and catfish. While the numbers of such fishes are by comparison

small, representing only 7 per cent of the aggregate output, the im-

portance of this Avork is not to be underestimated. It is this branch

of its work which brings the bureau in close contact with the general

public, as is evidencedby the large number of applications received

each year, and the interest thus aroused in the fisheries can not be

other than beneficial. The economic value of the work is large.

In most instances the reports received from applicants regarding the

results obtained from planting fish furnished by the bureau are of a

highly satisfactory nature. (See p. 88.)

SUMMARY OF DISTRIBUTION TO ALL APPLICANTS.

The following table shows in summarized form how many and what
species of fish and fish eggs out of the net product of the hatcheries

and rescue stations for the fiscal year 1921 were delivered to all appli-

cants, both in the United States and Territories and in foreign coun-

tries. Only a small percentage of the immense numbers of fish res-

cued from overflowed lands was delivered to applicants, the great

bulk having been returned to the original waters, as is shown in the

table on page 7.
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Summary, by Spkcies, of Distribution of Fi.sh anu VAma to Am, Appiicants
Fiscal Year 1921.

(Asterisk (*) denotes eggs; dagger (t), fry; all others are flngerlings or yearlings.]

UNITED STATES AND TERRITORIES.

State and species.

Alabama:
("arr

Catfish
Crappie

Largemouth black bass.

Rock bass
Sunfish

Number.

Alaska: Sockeye salmon

Arizona:
Brook trout
Catfish
Crappie
RaiiiDow trout
Rock bass
Sunnsh
Yellow perch

Arkansas:
Catfish
Crappie

Largemouth black bass.

Rainbow trout
Rock bass

Smallmouth black bass.

Sunfish
Yellow perch

California:

Chinook salmon

Rainbow trout
Steelhead salmon

Colorado:
Blackspotted trout

Brook trout

Lake trout
Largemouth black bass.

.

Loon Leven trout

Rainbow trout

Sunfish
Connecticut:

Brook trout
Catfish
Largemouth black bass.
Pike perch
Rainbow trout

Delaware: Pike perch
District of Columbia:

Rainbow trout
Shad

Florida:
Largemouth black bass.
Sunfish

Georgia:
Brook trout...
Catfish '..',',[

Crappie

Largemouth black bass.

Rainbow trout
Rock bass

,

Sunfish
Warmouth bass

Hawaii: Rainbow trout
Idaho:

Blackspotted trout

Brook trout
Landlocked salmon

Rainbow trout

Wtiiteflsh.

45
2,240
1,9(M)

tl53, Sf)!)

46, r)65

4,000
45,300

*350, (MK)

t30,761,()00
26, 977, .500

73,000
1,200
2,775

37,0(K)

200

1,000
300

5,620
6, 520

t39,0(K)
24,461
49,061
10,140

t25, 500
2,639

20,120
1,000

3,000,000
4, 593, 400
*25,000
*20,000

t868,500
t27,000

2,004,050
24, (XK)

9, 725
34,000

*200,000
62,500

600

135,600
2,400
2, 3S0

tl50,00<J

13,000

t500,000

13, .500

t800,000

2,450
400

38,000
3,060

300

t82, .500

45, 405
70,000

100
37,250

100
*25,000

*50,000
23,000
29,275

*1.5, 000
*I28,000

27,000
*500,000
tsoo.ooo

State and species.

Illinois:

Brook trout
Buflaloflsh
Carp *

Catfish
Crappie
Drum
Lake trout
Largemouth black bass.
Pike and pickerel
Pike perch
Rainbow trout
Rock bass
Suiifisli

White bass
Wliitelish
"i'ellow perch
Miscellaneous fishes

Indiana:

Brook trout

Carp
Catfish
Crappie

,

Largemouth black bass.

.

Rainbow trout
Rock bass
Smallmouth black bass.

.

Sunfish
Yellow perch

Iowa:
Brook trout

Number.

Bullalofish.

Carp

Catfish
Crappie
Drum
Lake trout
Largemouth black bass.
Pike perch

Rainbow trout

Rock bass
Smallmouth black bass.
Sunfish
White bass
Yellow perch
Miscellaneous fishes

Kansas:
CatCsh
Largemouth black bass.

,

Rainbow trout
Sunfish

,

Yellow perch
Kentucky:

BufTalofish
Carp
Catfish
Crappie

Largemouth black bass

.

Pike perch
Rainbow trout
Rock bass

Smallmouth black bass.

.

Sunfish
W^hite bass

Yellow perch
Louisiana:

BufTalofKsh

Catfi.sh

Crapijie
Largemouth black bass

500
141,6,53

12.5, 211

1,546,730
148, 204

175
*10,000

8,741
410
2,50

*1,000
900

208,350
2, 510

*2, 000, 000
100

16,390

' t24,000
I

22,500
25

1,980
1,040

tl2,000
8,775

18, .500

600
12,900
2,760
2,275

11,775

t68,267,000
557, .590

t-12,718,000
52.H, <)02

3,272,437
6,405,468

2, 120
*50,000
44, 797
37, 560

*64,.500

5, .500

47,000
1,5(H)

5,230,707
9, 410

223, 175
3, 487, 105

250
240

1,625
200
800

107,350
44, 715

673, 400
172, 400
t20,000
6,675
4,900
500

4,775
tl-i«,000

2, .500

131, 750
800

t450,000
1,200

t4O,O4O,00O
150
600
530
150
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Summary, by Species, of Distribution of Fish and Eggs, etc.—Continued.

[Asterisk (*) denotes eggs: dagger (t), fry; all others are flngerlings or yearlings.]

UNITED STATES AND TERRITORIES—Continued.

State and species.

Maine:

Atlantic salmon.

Brook trout

Flounder (winter).
Lake trout

Landlocked salmon

.

Pollock
Rainbow trout
Smelt
Sockeye salmon

Maryland:
Brook trout
Catfish
Chinook salmon
Cisco
Crappie
Lake trout
Largemouth black bass.

Pike perch

Rainbow trout

Rock bass

—

Shad
Sunflsh
Whitefish....

Yellow perch.

Massachusetts:
Brook trout..
Carp
Catfish

Cod

Flounder (pole)

Flounder (winter)

Haddock

Largemouth black bass.

Pike perch
Pollock

Rainbow trout

Smallmouth black bass

.

Sunflsh
Michigan:

Blackspotted trout

Brook trout

Carp
Catfish
Crappie

Lake trout

Landlocked salmon
Largemouth black bass

.

Pike perch

Rainbow trout

Rock bass
Smallmouth black bass

.

Smelt
SteeUiead salmon
Sunfish

Whitefish

Yellow perch.
Minnesota:

Brook trout..
Buffalofish...
Carp
Catfish

Number.

tl, 387, 000
280

*256, 890

tl, 730, 930

t841, 235, 000
*50, 000

*375, 000
t20S, 115

108, 400

til, 906, 000

t26, 000

t7, 000, 000

tl7, 500

18,700
1,500
2,500

*300,000
2, ISO

*4,000
4,350

*1, 000, 000
*150, 000

37,750
360

t7, 436, 250
4,260

*100, 000

t85,205,850
300

257, 525
100

7,400
*20S, 800, 000

tl75,341,000
*19, 410, 000

t848, 993, 000
*188,940,000

t271, 880, 000
550

t725, 000

t443, 160, 000
*50, 000
29,600

tl2, 000
180

*10, 000

t264, 000
, 500, 375

200
6,950
640

r *i, 000, 000

[
tl4,875,00O

*10, 000
16,400

f *277, 250, 000

[ \S, 040, 000

( t34, 000

I 64, 975
600

19, 351
*400,000

t23, 810
1,675

f *20,000,000

I t29,500,000
1,200

78, 820
30, 175

1, 190, 320
10, 746, 580

State and species.

Minnesota—Continued.
Crappie
Drum
Lake trout

.

Largemouth black bass

.

Pike and pickerel
Pike perch
Rainbow trout
Smallmouth black bass.
SteeUiead salmon
Sunfish
White bass
Whitefish
Yellow perch
Miscellaneous fishes

Mississippi:
Carp
Catfish
Crappie

Largemouth black bass.

Rainbow trout
Rock bass
Sunflsh
Yellow perch

Missouri:
Buffalofish
Carp
Catfi-sh

Crappie
Drum
Largemouth black bass.

Pike perch
Rainbow trout
Rock bass
Smallmouth black bass.
Sunfish
White bass
Yellow perch
Miscellaneous fishes

Montana:

Blackspotted trout

Number.

Brook trout.

Catfish
Grayling
Largemouth black bass

.

Rainbow trout ,

SteeUiead salmon.
Nebraska:

Brook trout

Largemouth black bass

.

Rainbow trout

Nevada: Rainbow trout.

New Hampsliire:

Brook trout

Catfish

Lake trout.

Landlocked salmon

.

Pike perch

Rainbow trout
Smallnidulh black bass.
SteelluMcl salnKin
WliiteUsh

15,929,225
19,405

t670, 000
20,000

1.53, 765
175,040

t2, 500, 000
56,400
1,000

*70,000
11,727,380

6,990
tioo.ooo

4, 912, 812
527, 080

84
2,460
1,344

tl65, 500
37,640
5,000
300

49,030
100

8,395
19, 684

269, 638
130, 570

420
21,361

470
59,329
4,125
2,260
51,680

840
768

*350,000

t854,000
522,500

*200, 000
436, 175

1,600

tl, 400, 000
1,350

*225, 000

t250,000
758,000
*75, 000

t32, 900
39,000
1,000

43, 000
*50,000
23,000

t381,000
519,500
4,600

*25,000

tl2,000
1,400

*20,000
5,850

*2, 000, 000

t500,000
33,000
tl4,200

545
*250,000
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Summary, uy Si'kciks, ov Disththtition ok Fish and Eogs, eto.—('ontinuwl.

[Asterisk (*) denotes crrs; daggor (t), fry; all others are flnfierlings or yearluiRs].

UNITED STATES AND TERRITORIES—Continued.

State and species.

Now Jersey:
Brook trout
Catfoh
Crappie
Largomouth black bass.

Pike perch

Rainbow trout
Sunfish
Yellow perch

New Mexico:
Blackspotted trout

Brook trout
Catfish
Crappie
Largemouth black bass.

Rock bass
Sunfish
Yellow perch

New York:
Blackspotted trout

Brook trout

Carp
Catfish

Cisco

Crappie

Lake trout

.

Landlocked salmon

Largemouth black bass

.

Pike perch

Rainbow trout.

Number.

Steelhead salmon

.

Whitefish

.

YeUow perch

North Carolina:
Brook trout
Crappie
Glut herring

Largemouth black bass.

Rainbow trout
Rock bass
Shad
SmaUmouth black bass.

Striped bass
Sunfish - . -

North Dakota:
Carp
Catfish
Crappie
Largemouth black bass.

Rock bass
Ohio:

Brook trout
Buffalofish
Carp
Catfish
Crappie
Largemouth black bass.

Pike perch
Rainbow trout
Rock bass
SmaUmouth black bass.

Sunfi-sh

Whitefish

7,400
(')0()

400
4,040

*1, 000, 000
tl,0.')0,fK)0

4,000
4,S00

100

t73,50O
492,000

3,600
3, 755

900
1,400
1,400

100

*10,000

t44f),000
42,000

100
7,200

*121, 210,000
tH9,S00,0(X)

7.50

*1, 510, 000

t45G,(K)0

5, 5.50

*12.5,000

4,000
12, 490

*525,000

tl0,495,800
*10,000

t()5,100
1,900

199,000
2, .500

59,300,000
t41, 100,000

ti:J,700,000
3,700

253,.500
950

t43, 81.5, 000

t5,500
102, 5S0

453, 100

11,200

tl.5,756,000
1,6:55

120,184,000
27,520

5
800
500

6,3S0
400

t33,000
1,000

tC3,325,000
6,375
1,800
14,380

tl2,600,000
tie, 000

600
6,300

10, ,570

*30,640,000

[ tl67,500,000

State and species

Ohio—Continued.

Yellow perch

Oklahoma:
CuKish
Crappie
Largemouth black bass.

Rainbow trout

Ro<>k bass
Sunfish
Yellow perch

Oregon:
Black-spotted trout
Brook trout

Chinook salmon.

Rainbow trout..

Shad
Sil viT salmon
Stcelhcad salmon

Pennsylvania:
Brook trout

Carp
Ciillish

Chinook salmon
Ci.spo

Crappie
Lake t rout
Landjdckod salmon
LargrniDulh black bass.
Pike jiiTch

Ruinlxjvv trout
Rock bass
SmaUmouth black bass.
Stcelhcad salmon
Sunfish
Whitefish
Yellow porch

Rhode Island:
Brook trout
Flounder (winter)
Largemouth black bass..

Snialliuouth black bas5..

South Carolina:
Crappie
Largemouth black bass..

Rainbow trout
Sunfish

South Dakota:
Brook trout
Catfish
Craiipie
Loch Levcn trout
Lake trout
Largemouth black bass..

Rainbow trout
Sunfish

Tennessee:
Brook trout
Catfish
Crappie

Largemouth black bass..

Rainbow trout.

Rock bass
SmaUmouth black bass.

Sunfish
Yellow perch

Texas:
Catfish
Crajipie
Largemouth black bass.

Rock bass
Sunfish

Number.

t300,000
300

2,250
4,350
2,720

*100,000
56,400
1,350
2,000
2,200

101,500
4,000

*3, 6,50, 000
10,682,900
*604,940
189,500

t2, 347, 100
417,050

1,316,000

t3,000
613,475

85
11,600
10,000

*65,000,000
3,050

*.50,000

*10,000
24, 870

t2, 174,200
39C, 701

200
125

*55, 000
11,800

10,000,000
1,175

23,000

t78, 432, 000
150

t5,500

300
117,875
16,000
5,000

379, 100
400
375

2,000
5,000
3,850
84,110

500

13,935
5,100
4,050

t86,000
23,955
55,000
171,000
8,900
3,530
15,200

900

70,350
5,904

257, 370
320

74, 872
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Summary, by Species, of Distribution of Fish and Eggs, etc.—Continued.

[Asterisk (*) denotes eggs; dagger (f), fry; all others are flngerlings or yearlings.]

UNITED STATES AND TERRITORIES—Continued.

State and species.

Utah:
Blackspotted trout
Brook trout
Catfish
Lake trout
Rainbow trout
Whitefish

Vermont:

Brook trout

Lake trout

Landlocked salmon

Pike perch

Rainbow trout

Steelhead salmon

Yellow perch

Virginia:
Brook trout
Catfish
Crappie

Largemouth black bass

Pike perch
Rainbow trout
Rock bass
Shad

SmaUmouth black bass

Sunfish

Yellow perch

Washington:

Blackspotted trout

Brook trout

Chinook salmon. . ,

Chum salmon

Rainbow trout

Silver salmon

Number.

91,300
188, 300
2,250

*50, 000
161, 000

tlOO, 000

t591, 400
89, 200

*25, 000

t38, 300
4,900

*20,000
6,000

*14, 700, 000
tl3, 150, 000

7,200
*25, 000

6,320
*12, 000, 000

t2, 600, 000

118,350
1,300

160

1 15, 000
24,063

1 500, 000
279,600
10, 660

1 6, 452, 925

t 88, 500
100

8,225

1 74, 113, 600
300

* 100, 000

1 9, 000
79,700

* 300, 000
* 130, 000

17, 491, 965

t7,000,000
19, 436, 400

* 75, 000
3,000

1 600, 000
6, 069, 100

State and species.

Washington—Continued.

Sockeye salmon

Steelhead salmon

West Virginia:
Brook trout
Catfish
Crappie

Largemouth black bass

Rainbow trout
Rock bass

Smallmouth black bass

Sunfish
Yellow perch

Wisconsin:

Brook trout

Buflaloflsh
Carp
Catfish
Crappie
Drum
Lake trout

Largemouth black bass
Pike and pickerel
Pike perch

Rainbow trout

Sunfish
Wliite bass
Whitefish
Yellow perch
Miscellaneous fishes

Wyoming:

Blackspotted trout

Brook trout

Catfish
Lake trout
Largemouth black bass
Loch Leven trout

Rainbow trout

Smelt

Number.

t 8, 000, 000
3,457,000
* 49, 000
1 15, 000

1,603,550

212,815
8,100
2,700

te.ooo
8,212

181, 100
175

1 12, 000
750

3,400
800

1 103, 000
655,355
799, 520

2,009,104
18,580,500
14,470,840

11,960
1 512, 000

15,000
171,990
322, 130

15,000.000
1 29, 000
150, 190

12,687,546
6,620

28,760,000
1,012,230

904, 110

* 100, 000
1 2, 044, 900

182,300
* 100, 000
302,400
5,900

20,150
8,660

28,000
* 309, 800
327,000

* 200, 000

FOREIGN COUNTRIES.

Country and species.
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the preceding table tiiul reives the species and numbers of fish and
fish eggs assigned to each such commission

:

Assignments of Fish and Fish Egos to State Fish Commissions, Fiscal
Year 1921.

[Note.—Asterisk (*) denotes eggs; dagger (f), fry; all others are flngerlings-I

State and species.

California: Chinook salmon

.

Colorado: Rainhow trout...
Connecticut: Brook trout..
Idaho:

IMackspotted trout
Landloi'ked salmon

Rainbow trout.

Number.

Whiteflsh
Illinois:

Catfish
Crappie
Drum
Largemouth black bass
Pickerel
Pike perch
Rook bass
Sunfish
White bass
Whitelish

Iowa:
Lake trout
Rainbow trout

Maine:
Lake trout
Landlocked salmon

Maryland:
Cisco
Lake trout
Pike perch
Rainbow trout
Whilensh

Massachusetts: Rainbow trout

.

Michit,'an:

Lake trout
Landlocked salmon
Pike perch
Smelt
Whiteflsh

Alinncsota:
Catfish
Crappie
Lar.L'emouth black bass
Steelhcad salmon
Sunlish
Yellow perch

Missouri:
Rainbow trout
Sunfish

Montana:
Blackspotted trout
Rainbow trout
Steclhead salmon

Nebraska:
Brook trout

,

Rainbow trout
,

* 3, 000, 000
* 50, 000
52,000

* r^o, 000
* 15,000

( * 50, 000

\ 7, 000
* 500, 000

25, 300

5, m)
175
200
410
250
500

26,325
175

* 500, 000

* 50, 000
* 62, 000

* 50, 000
* 475, 000

* 300, 000
* 4,000

* 1, 000, 000
* 150, 000
* 100, 000
* 50, 000

* 1,000,000
* 10, 000

* 223, 200, 000
* 200, 000

20,000,000

6,800
5,200
9,340

* 70,000
5,200
2,250

100
100

* 350, 000
* 150, (KM)

* 75, 000

32,900
30,000

State and species.

Nevada: Rainbow trout.
New Hampshire:

Lake trout
Landlocked salmon

.

Pike perch
Whiteflsh

New Jersey: Pike perch.
New York:

Ci.sco

Lake trout
Landlocked salmon.
Steclhead salmon
Whitefish

Ohio: Whitefish
,

Oklahoma:

Rainbow trout.

Rock bass
Oregon:

Chinook salmon
Rainbow trout

Pennsylvania:
Chinook salmon
Cisco
Lake trout
Kteelhead salmon
Whiteflsh

South Dakota:
Brook trout
Rainbow trout

Tennessee: Rainbow trout.
Utah: Lake trout
Vermont:

Lake trout
Landlocked salmon ....
Pike perch
Steelhcad salmon
Yellow perch

Washington:
Blackspotted trout
Rainbow trout
Steclhead salmon

Wyoming:
Blackspotted trout
Brook trout
Catfish
Largemouth black bass.
Rainbow trout

Number.

TotaL

* 50,000

* 25, 000
* 20, (KJO

* 2, 000, 000
* 2r.o, 000

* 1,000,000

* 104,410,000
* 1,5(X),000

* 100,000
* 199, 000

* 29,200,000
* 23,640,000

f
* 100,000

t 41,000

[ 8,000
100

* 3, 650, 000
604,940

10,000
* 05, 000, 000

* 50,000
* 30, 000

10,000,000

2,100
3,000

55,000
50,000

* 25,000
* 20,000

* 14,700,000
25, 000

* 12,000,000

75,000
* 75, 000

49,000

100,000
100,000

1,200
2,150

* 309, 800

'^483,914,740

t 41,000
236, 575

CONSIDERATIONS IN DISTRIBUTION OF COMMERCIAL FISHES.

The output of the bureau's hatcheries handling? the commercial
species is planted in local waters on the natural spawning grounds
in so far as this may be desirable or practicable. This couree is ob-
viously necessary for the maintenance of the fishery involved, par-
ticularly where commercial fishing is aggressively prosecuted or
where, as in the case of the anadromous fishes, commercial activi-
ties are coincident with the spawning season of the fish. It has
been ably argued that the bureau's hatcheries belong to the people
and that the output should be distributed more widely in neighbor-
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ino; States. If such a course were to be generally followed, the re-

sults would most certainly be disastrous. If a hatchery addressed to

the propagation of a commercial species is successful in maintaining
the fishery against the inroads of market fishing in the region cov-

ered by its activities, it may be fairly classed as efficient. If its

annual output is only just sufficient to accomplish this purpose, it

would be suicidal to divert any portion of it to other waters. Most
of the States object, and with justice, through their fisheries authori-

ties to the shipment outside their boundaries of eggs taken in their

waters or the fry produced from such eggs.

The attitude of the fishermen is also a consideration. In most
cases the bureau is to a large extent dependent on them for its egg
collections. Speaking generally, the fishermen are deeply interested

and render hearty cooperation. They watch the work with jealous

interest, and any large or unwarranted diversion of eggs or fry w^ould

meet with strong opposition from them, and if persisted in would
certainly result in refusal of the fishermen to deliver their eggs to

the hatcheries. While the bureau's hatcheries are operated for the

general good and the public is benefited by the increased food sup-

ply, the local fishermen are perhaps most intimately interested, and
thej^ should render every possible assistance to the hatcheries. Cer-

tain States now have laws whereby fishermen are given permits

to fish during the closed season, with the restriction that all mature

eggs shall be delivered to an agent of the bureau or the State for

propagation. As the fishes are the property of the State, such a

requirement is held to be just.

On the other hand, if a hatchery of the bureau succeeds in obtain-

ing large numbers of eggs, more than are required for local waters,

an intelligent distribution of the output to other waters is then

permissible and even desirable. Under the most favorable condi-

tions the results of natural spawning can not be expected to equal

from 75 to 80 per cent of the numbers of young fishes put out by an

efficient hatchery. Nature undoubtedly provides for a rather wide

distribution of young fishes from natural reproduction. It is there-

fore not always advisable to limit the distribution of the output of

a hatchery beyond reasonable restrictions, because if more young
fishes are placed in a limited area than the waters can support they

can not be expected to produce proportionate returns in marketable

fish.

The following are among the points to be considered in connec-

tion with the distribution of the commercial species in new waters

:

(1) Do the waters under consideration support a commercial fishery?

(2) Are the laws adequate for the protection of the fishes? (3)

What are the conditions regarding dams or other barriers and pol-

lution from trade or other forms of waste? (4) What is the atti-

tude of local fishermen, and will they be willing to cooperate in the

collection of eggs for the work of artificial propagation?

RESULTS OF PLANTING FISHES IN INTERIOR WATERS.

By E. C. Feaknow,

^uper'miendent of Fish Distribution.

The question has frequently been asked whether the bureau's work
in stocking streams and ponds in the interior States is producing

satisfactory results. While the numerous letters received from ap-
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plicants from time to time are favorable in character, no effort has

heretofore iK'en made to condense such information into a tal)idar

form to indicate the o^eneral effects of the work.

'i'he system of card-indexinp applications, inaufj;urated in 1917,

will in course of time ^ive such information. However, it is be-

lieved that a table classifyino^ the results accomplished durinf^ sev-

eral years would be very useful in jjivinjr the bureau and the fjen-

eral public a concrete idea as to the value of the work that is bein*^

done in the interior States. A table of this character would also be

invaluable when making assignments of fishes, as it would show
what species are most jiroductive in a given region.

The following is an explanation of the grades used in classifying

the results: "Kxcellent" means that the fish increased in size and

mu]tii)lied. " (iood " is used where the applicant was satisfied, the

fish attaining a large size, the number of fish ai)parently on the in-

crease. "Fair" means that the results are only ordinary, many of

the applicants merely use this word to express the results of the

plants. " Overflow " is used where the dam of the pond broke and

the fish escaped. This does not mean a loss of the fish, as in many
instances the statement is made that certain streams were stocked

by the breaking of dams. "Uncertain" is used where the applicant

is undecided as to results. Most of the reports classified under this

heading cover plants of fish made in large streams and lakes, where

it was found difficult to determine whether the fish furnished by the

bureau had actually jiroduced results, owing to the waters being

previously stocked with the same species. "Poor" covers reports

which indicate that the plants were a failure. Failures are attributed

to a number of causes as follows: Not adapted to the waters; fish

received in poor condition; destroyed by snakes and other noxious

animals. Many failures are attributed to the severe winter of 1916

and 1917, when ponds froze to an unprecedented depth. In some in-

stances the fish w-ere stolen.

The following table shows the general results of planting fishes

during the fiscal year 1917

:

General Resut.ts, by Species, of Fish Pt^antings. Fiscal Yeak 1917.

Species.

Number
of

reports.

Increase and growth.

Excel-
lent.

Good. Fair.
Over-
flow.

Uncer-
tain.

Poor.

Catfish
BuRalofish
Shad
WWtefish
Steelhead salmon
Landlocked sabnon
RaLnbow trout
BlacksiX)tted trout
Locli Leven trout
Brown trout
Lake trout
Brook trout
Grayling
Smelt
Crappie
Largemouth black bass.
Smallmouth black bass.
Rock bass
Sunflsh
Pike perch
Yellow perch
White perch

Total.

127
2
1

4
20
28
589
288

6
1

21

1,514
9
3

235
927
326
76

280
97
32
11

4,597

2
3

8
157
101

2

1

4

532
5

2
6
15

224
151

3

.59

270
101

14
57
43
10

1,402

2

3

415
131

21
88
19

8
2

1,943

2

124

1

49
108
41

19
59
11

4

1

20
52
29
9
18
14
4

7

277

21

50
19

9
33
9
6
1

309
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Of the 4,597 reports received 30.5 per cent showed excellent results,

42.2 per cent good, 12.4 per cent fair, a little over 2 per cent ovei-flow,

over 6 per cent uncertain, and 6.5 per cent poor.

Black bass and sunfish appear to produce highly satisfactory re-

sidts in most of the States, though many applicants have been dis-

satisfied with the sunfish on account of its small size, the growth at-

tained not being as large as with some species. The stock of sunfish

at most of the bureau's hatcheries has been improved in recent years,

and it is believed that from now on this fish will give perfect satis-

faction.

The rainbow trout appears to be especially well adapted to the

waters of California, Colorado, New Mexico, Montana, North Caro-
lina, and Wisconsin, while on the other hand a large percentage of

failures or of only fairly good returns have been reported with that

species in Arizona. Massachusetts. Ohio, New York, and Pennsyl-
vania. This tends to accentuate the frequently expressed opinion
that the rainbow trout is not as a rule adapted to eastern waters.

It is true that the rainbow trout appears to have been very success-

fully established in West Virginia and in certain sections of Ten-
nessee and North Carolina, but the data at hand would indicate that

for eastern w^aters in general the conditions are better adapted to

the brook trout. Numerous reports have been received to the effect

that no rainbow trout were ever seen in waters where they had been
planted. Mention of this faiiure of the rainbow trout to establish

itself in certain sections of the country is very prominent in the
reports.

DISTRIBUTION COSTS AND EQUIPMENT.

COST OF DISTRIBUTION.

As in all other lines of activity, the cost of distributing the output
of the bureau's hatcheries has increased very considerably in recent

years. The net increase in distribution costs since 1916 has amounted
to approximately 150 per cent. The distribution of an output not
appreciably decreased during this period, with no increase in funds
provided for the conduct of the work, has been accomplished only
by exercising the most rigid economy at every point. Unless addi-

tional funds for the propagation and distribution of food fishes is

forthcoming, it may be necessary to inaugurate decided changes in

the distribution methods to meet the increasing demands for fish.

During the fiscal year 1921 the cars of the bureau traveled 85,060

miles, while detached messengers in charge of live fishes traveled

385,988 miles, honoring approximately 10,000 applications for fish.

The total cost of making this distribution, including maintenance and
repairs to five distribution cars, amounted to $69,600.

DISTRIBUTION CARS.

The two steel cars added to the distribution service during the
spring of 1920 have fully demonstrated their superiority over the

cars of wood construction. Their increased carrying capacity, to-

gether with lower cost for maintenance and repair, make them in

every respect a high-class investment. It is recommended that the
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two wooden cars still in use be replaced with cars of steel at an early

date. In addition to the advanta<;es already cited, it is l're<inently

necessary to accept second-class sei-vice in the movement of the

wooden cars, as many railroads refuse to move them in tiieir first-

class trains.

POCKET THERMOMETER FOR USE IN CARRYING lAVK FISH.

An improved device of interest in connection with the distribu-

tion of live fish is a pocket tliermometer designed especially for the

convenience of messen<i|;ers in makin*!; shijjments

of fish or fish e^*^s. The column of mercury is

protected by a hard rubber jacket, provided with
a pocket clip and a rin<^, to which a cord may
be attached. The advantajjcs claimed for it over
the type of thermometer previously used are its

lifjhter weight and its greater convenience when
in actual use. It is also less subject to breakage
than the metal-jacketed thermometer.

Procedure in Assignments of Fishes to

Applicants.

APPLICATION BLANKS.

On receipt of a request for fish the bureau
supplies a blank calling for a complete descri])-

tion of tlic waters to be stocked. AAHien the

blank is properl}'^ executed and returned with the
indorsement of a Member of Congress, the bu-

reau endeavors to assign a suitable species of fish

thereon, and the delivery is made at the earliest

practicable date, at the applicant's railroad sta-

tion, Avithout cost to him. As the information
requested on the application blank is used as a

basis for determining the species to be assigned
and to some extent the number of fish that will

be furnished, the applicant should endeavor to

have it as complete and accurate as possible.

B.-^L

o
SELECTION OF SPECIES. Fig. 5.—Pocket thor-

mometer designed
particularly for use
in connection with
the distribution of
living fishes. ( De-
signed by E. C. Fear-
now.)

One of the most perplexing problems con-

fronting the division of fish culture is how to

distribute the product of its hatcheries in a mari-

ner which will bring about the best results and
at the same time be just and equitable to the large nuinl)er of persons
who every year apply to the bureau for fishes for stocking waters,

both public and private.

Many persons who are familiar with some particular species of

fish insist on its introduction into waters in which they may be
interested. In one case an applicant who has recently moved to a
new section of the country wants his favorite fish in the local watere,

while in another case an applicant applies for a certain species on
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the recommendation of a friend or because the species has afforded

him pleasure in another region. The importance of making a careful

survey of the waters to be stocked, with the view of determining the

species best adapted thereto, is often not recognized. It has Ijeen

proved beyond a doubt that in nearly every case it is advisable to

plant a species which is native to the locality, and in specifying his

choice of fish the applicant should bear this in mind. Nonindigenous
species should not be introduced unless it can be clearly shown that

the native species, because of changed conditions, have failed to

maintain themselves. There are many notable examples of the suc-

cessful transplanting of fishes where the results have been highly
beneficial. However, there is always an element of uncertainty in

the planting of nonindigenous fishes in any region, and it should be
undertaken only after a careful consideration of all phases of the

situation, because if promiscuous plantings were to be permitted the

work of fish culture might easily become a curse instead of a blessing

to mankind.
The carp is an appropriate example of the results of the indis-

criminate introduction of a foreign species. This fish was popular
in the early history of fish culture in America, largely, perhaps,

because it was a favorite with European fish-culturists and because

of its rapid growth and ready adaptability to new surroundings.

Through carelessness and indifference the carp became widely dis-

tributed in the waters of the country, with the result that in many
sections a stigma will always apply to this sturdy fish. Neverthe-

less, there is a place in the piscatorial world for the carp, and for

certain waters it fills a demand that can not be adequately met by
any other species. It frequently happens that carp can be success-

fully and profitably propagated in waters that are quite unsuited to

the finer species ; and, under proper restrictions, this idea should be
encouraged.

Aside from possible injury to indigenous species that may follow

the introduction of foreign fishes, there are other important points

to consider: Will the new inhabitants find a suitable temperature

range and other conditions congenial to their reproduction? Will

the food supply be of a suitable character and ample for their needs?

Unless these essentials are present an introduced species can not

establish itself in a new environment on a self-maintaining basis.

Not infrequently species of fishes that are possessed of the highest

food and game qualities in their natural habitat will, when trans-

planted in less favorable surroundings, degenerate to a point where

they have no attractions either from a food or a game standpoint.

Even the planting tojrether of the same species of fish taken from
different sections of the country or from different streams in the

same section may be inadvisable. Certain investigators have ex-

pressed the belief that such plantings may lead, or in certain instances

may have already led, to a form of hybridization which may result

in seriously impairing the virility of the progeny.
Many of the more progressive State fish and game commissions

have requested that all applications for certain species of nonindige-

nous or predacious fishes be submitted to them for approval. The
bureau commends this policy, and all such applications, including

those for carp, are referred before acceptance for the proper State
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authf)rities to pass ujx)!!. Even with the State's indorsement the
bureau reserves the ri<rlit to exercise its judfrment.

In connection with this matter, it aj)|)ears cxixnlient to continue

the policy of refusin<>- to supply the s|)iny-rayc(l hslies to applicants

in the Pacific coast walei'shed. This ste|) is essential tor the pi-otec-

tion of the impoi-tant salmon and trout fisheries. The |)lantin;j: of

the spiny-rayed fishes in the streams of the we^t coast mijjht result in

destroyin<r millions of younff salmon inhabitinfj such waters. The
bureau maintains that the interests of the commercial fisheries are
paramount to those of the sportsmen.

K^us of certain species are furnished to State hatcheries where
such a course aj^pears to be to the interest of the work and. on rare

occasions, to a]H)licants havin<>: hatchinjj facilities in cases where the

eggs can be delivered more economically than the young fish.

SIZE OF ALLOTMENTS.

In determining the size of allotments of fishes on applications, the

bureau is governed by the number and size of the requested species

available for distribution in connection with the number of applica-
tions received for it, by the extent of water area to be stocked, and
by the distance to which the fishes must be transported. It aims in

every case to supply only a sufhcient number of young fish for a brood
stock, and the recipient is expecte<l to provide for their ])rotection

until they have had time to mature and stock the waters through
natural reproduction. The impoitance of adequate protection for
fish furnished for stocking any body of water is so obvious that the
bureau has seriously considered the advisability of curtailing or en-

tirely discontinued the distribution of fish in localities where such
protection is not afforded.

It is recognized that the larger bodies of water should receive the
larger number of fishes for stocking purposes, but it does not appear
judicious to honor ajiplications for such waters to the exclusion of

the smaller, though perhaps no less important, bodies of water. It

is the policy of the bureau to apportion the output of its hatcheries

in such a manner as will permit of filling all applications, so far as

such a course may be practicable. Applications are frequently re-

ceived from persons in sections remote from a fish-cultural station

and in a part of the country where it is known that the waters are

already abundantly stocked with desirable species. In such instances

the bureau does not consider it wise to incur the expense of sending
small numbers of artificially reared fishes to a considerable distance,

and the applicants are so notified.

TIME AND METHOD OF DELIVERY.

Certain species, notably the brook trout and the rainbow trout, are

planted whenever possible during the fingcrling stage; but. as the

rearing facilities are limited, the stock must be reduced in the early

spring to prevent overcrowding. Thus, a part of the output is an-

nually shipped in the fry stage. The distribution of the basses and
other pond fishes begins about three weeks after they are hatched

and extends over a period of several months, the last lots of fishes

sent out ranging from 2 to 4 inches in length. The basses, sunfishes,
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crappies, yellow perch, and other fishes rescued from landlocked
ponds and pools in the Mississippi River Valley are from 3 to 6 inches

long Avhen distributed.

It is the policy of the Inireau to fill applications in the order of their

receipt and to deliver fishes assigned as soon thereafter as possible,

but there are certain conditions connected with the distrilnition work
which should be thoroughly understood by prospective applicants.

The cost involved in making shipments of fishes compels the bureau
to exercise the utmost economy in arranging its distribution work.
The delivery of special consignments and those intended for distant

points must be delayed until a sufficient number of applications from
the same section of the country have been received to warrant the ex-

pense of a messenger shipment. The bureau can not carry a stock of

fish for delivery on demand, and when the supply of one year is ex-

hausted no more are available until the crop of the succeeding year is

ready to be sent out. The shipment of trout from the bureau's east-

ern stations begins early in March, and all applications received after

that time are carried over until the following year. Trout distribu-

tions from stations in the Roclry^ Mountain regions are made between
May and October, and, in order to insure early attention, applications

from that part of the country should be in the Washington office of

the bureau not later than May 1. The so-called warm-water fishes,

including black basses, sunfish, and crappies, are shipped between
Mav and December, and requests for them should be submitted prior

to May 1.

The fishes are shipped in railroad cars especially designed for the

purpose or in baggage cars, accompanied by a messenger, and the de-

livery is made at the applicant's railroad station without expense to

him. When an application for fish is received by the bureau the per-

son submitting it is immediately notified of the species assigned there-

on and the approximate time when delivery may be expected. Full

directions for the reception and care of the fish are also sent to him.
Prior to the shipment a second notice is sent, usually a telegram, speci-

fying the exact time when the assignment will arrive at his railroad

station. If for some unforeseen reason it becomes necessary to post-

pone the delivery, the applicant is notified accordingly.

o
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