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ADVERTISEMENT.

This volume forms tlie thirty-fiftli of a series, composed of original

memoirs on different branches of knowledge, published at the expense and

under the direction of the Smitlisonian Institution. The publication of this

series forms part of a general plan adopted for carrying into effect the benevo-

lent intentions of James Smithson, Esq., of England. This gentleman left his

property in trust to the United States of America to found at Washington

an institution which should bear liis own name and liave for its objects the

"increase and diffusion of knowledge among men." This trust was accepted

by the Government of the United States, and acts of Congress were passed

August 10, 1846, and March 12, 1894, constituting the President, the Vice-

President, the Chief Justice of the United States, and the heads of Executive

Departments an establishment under tlie name of the " Smithsonian Insti-

tution, FOR THE increase AND DIFFXTSION OF KNOWLEDGE AMONG MEN." The

members of this establishment may hold stated and special meetings for the

supervision of the affairs of the Institution and for the advice and instruction

of a Board of Regents to whom tlie financial and other affairs are intrusted.

The Board of Regents consists of two members ex-officio of the establish-

ment, namely, the Vice-President of the United States and the Chief Justice

of the United States, together with twelve other members, three of whom are

appointed from the Senate by its President, three from the House of Repre-

sentatives by the Speaker, and six persons appointed by a joint resolution of

both Houses. To this board is given the power of electing a Secretary and

other officers for conducting the active operations of the Institution.

To carry into effect the purposes of the testator, the olan of organization

should evidently embrace two objects; one, the increase of knowledge by the

addition of new truths to the existing stock; the other, the diffusion of knowl-

edge, thus increased, among men. No restriction is made in favor of any kind

of knowledge, and hence each branch is entitled to and should receive a share

of attention.

The act of Congress establishing the Institution directs, as a part of the

plan of organization, the formation of a library, a museum, and a gallery of

art, together with provisions for physical research and popular lectures, while

it leaves to the Regents the power of adopting such other parts of an organiza-

tion as they may deem best suited to promote the objects of the bequest.
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IV ADVERTISEMENT

After much deliberation, the Regents resolved to apportion the annual

income specifically among the different objects and operations of the Institution

in such manner as may, in the judgment of the Regents, be necessary and proper

for each, according to its intrinsic importance, and a compliance in good faith

with the law.

The following are the details of the two parts of the general ])lan of organi-

zation provisionally adopted at the meeting of the Regents December 8, 1847

:

DETAILS OF THE FIRST PART OF THE PLAN.

I. To INCREASE Knowledge.—It is proposed to stimulate research by offering

rewards for original memoirs on all subjects of investigation.

1. The memoirs thus obtained to be published in a series of volumes, in a

quarto form, and entitled " Smithsonian Contributions to Knowledge."

2. No memoir on subjects of physical science to be accepted for publication

which does not furnish a positive addition to human knowledge, resting- on

original research ; and all unverified speculations to be rejected.

3. Each memoir presented to the Institution to be submitted for examina-

tion to a commission of persons of reputation for learning in the branch to

which the memioir pertains, and to be accepted for pultlication only in case the

report of this commission is favorable.

4. The commission to be chosen by the officers of the Institution, and the

name of the author, as far as practicable, concealed, unless a favorable decision

be made.

5. The volumes of the memoirs to be exchanged for the transactions of

literary and scientific societies, and copies to be given to all the colleges and

Ijrincipal libraries in this country. One part of the remaining copies may be

offered for sale, and the other carefully preserved to form complete sets of the

work to supply the demand from new institutions.

6. An abstract, or popular account, of the contents of these memoirs to be

given to the public through the annual report of the Regents to Congress.

II. To INCREASE Knowledge.—It is also proposed to appropriate a portion of

the income annually to special objects of research, under the direction of

suitable persons.

1. The objects and the amount appropriated to be recommended by coun-

sellors of the Institution.

2. Appropriations in different years to different objects, so that in course

of time each branch of knowledge may receive a share.
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3. The results obtained from these appropriations to be published, with the
memoirs before mentioned, in the volumes of the Smithsonian Contributions to

Knowledge.

4. Examples of objects for wliicli appropriations may be made:

(1) System of extended meteorologi(;al observations for solving the prob-
lem of American storms.

(2) Explorations in descriptive natural history, and geological, mathe-
matical, and topographical surveys, to collect material for the formation of a
physical atlas of the United States.

(3) Solution of experimental problems, such as a new determination of

the weight of the earth, of the velocity of electricity, and of light; chemical

analyses of soils and plants ; collection and publication of scientific facts, accu-

mulated in the offices of Government.

(4) Institution of statistical inquiries with reference to physical, moral,

and political subjects.

(5) Historical researches and accurate survej's of places celebrated in

American history.

(6) Ethnological researches, particularly with reference to the different

races of men in North America ; also explorations and accurate surveys of the

mounds and other remains of the ancient people of our country.

I. To DIFFUSE Knowledge.—It is proposed, to publish a series of reports, givinq

an account of the new discoveries in science, and of the changes made from
year to year in all branches of knowledge not strictly professional.

1. Some of these reports may be published annually, others at longer in-

tervals, as the income of the Institution or the changes in the branches of

knowledge may indicate.

2. The reports are to be prepared by collaborators eminent in tlie different

branches of knowledge.

3. Each collaborator to be furnished with the journals and publications,

domestic and foreign, necessary to the compilation of his report; to be paid a

certain sum for his labors, and to lie named on the title-page of the report.

4. The reports to be published in separate parts, so tliat persons interested

in a particular branch can procure the parts relating to it without purchasing

the whole.

5. These reports may be presented to Congress for partial distribution,

the remaining copies to be given to literary and scientific institutions and sold

to individuals for a moderate price.
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The folloiving are some of the subjects which may he embraced in the

reports:

I. PHYSICAL CLASS.

1. Physics, including astronomy, natural i^hilosophy, chemistry, and

meteorology.

2. Natural history, including botany, zoology, geology, etc.

3. Agriculture.

4. Application of science to arts.

IL MORAL AND POLITICAL CLASS.

5. Ethnology, including particular history, comparative philology, antiq-

uities, etc.

6. Statistics and political economy.

7. Mental and moral philosophy.

8. A survey of the political events of the world; penal reform, etc.

IIL LITERATURE AND THE FINE ARTS.

9. Modern literature.

10. The tine arts, and their application to the useful arts.

11. Bibliography.

12. Obituary notices of distinguished individuals.

II. To DIFFUSE Knowledge.—It is proposed to publish occasionally separate

treatises on subjects of general interest.

1. These treatises may occasionally consist of valuable memoirs translated

from foreign languages, or of articles prepared under the direction of the

Institution, or i:>rocured by offering premiums for the best exposition of a

given subject.

2. The treatises to be submitted to a commission of competent judges

previous to their publication.
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DETAILS OF THE SECOND PART OF THE PLAN OF ORGANIZATION.

This part contemplates the formation of a library, a museum, and a gallery

of art.

1. To carry out the plan before described a library will be required con-

sisting, first, of a complete collection of the transactions and proceedings of all

the learned societies of the world; second, of the more important current period-

ical publications and other works necessary in preparing the periodical reports.

2. The Institution should make special collections particularly of objects

to illustrate and verify its own publications; also a collection of instruments

of research in all branches of experimental science.

3. With reference to the collection of books other than those mentioned

above, catalogues of all the different libraries in the United States should be

procured, in order that the valuable books first purchased may be such as are

not to be found elsewhere in the United States.

4. Also catalogues of memoirs and of books in foreign libraries and other

materials should be collected, for rendering the Institution a center of biblio-

graphical knowledge, whence the student may be directed to any work which

he may require.

5. It is believed that the collections in natural history will increase by

donation as rapidly as the income of the Institution can make provision for

their reception, and therefore it will seldom be necessary to purchase any

article of this kind.

6. Attempts should be made to procure for the gallery of art casts of the

most celebrated articles of ancient and modern sculpture.

7. The arts may be encouraged by providing a room, free of expense, for

the exhibition of the objects of the Art Union and other similar societies.

8. A small appropriation should annually be made for models of antiqui-

ties, such as those of the remains of ancient temples, etc.

9. The Secretary and his assistants, during the session of Congress, will be

required to illustrate new discoveries in science and to exhibit new objects of

art. Distinguished individuals should also be invited to give lectures on sub-

jects of general interest.

In accordance with the rules adopted in the programme of organization,

each memoir in this volume has been favorably reported on by a commission

appointed for its examination. It is, however, impossible, in most cases, to

verify the statements of an author, and therefore neither the commission nor

the Institution can be responsible for more than the general character of a

memoir.
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ADVERTISEMENT

The present memoir by Professor E. A. Andrews, of the Johns Hopkins

University, on "The Yoimg of the Crayfishes Astacns and Cambarus," forms

part of Volmne XXXV of the Smithsonian Oontribntions to Knowledge.

The memoir describes and illustrates the yonng- of two kinds of crayfishes,

one from Oregon and one from Maryland, which represent the two most

diverse forms found in North America. Of these, one genus, found only in

North America, is widely distributed all over the United States, except the Pa-

cific Slope; while the other is restricted almost exclusively to the Pacific Slope

in North America, and at the same time it is almost the only genus in Europe

and Asia. This memoir fills a gap in the knowledge of these common animals

that still remained notwithstanding the extensive researches of Huxley and

many others.

It determines the form and habits of the first, second, and third larval

stages
;
gives the first detailed description and illustrations of the aj^pendages

of the first and second stages; describes the hitherto unknown nature of suc-

cessive mechanical attachments of the offspring to the parent; and opens up

the problem of the nature and causes of the incipient family life in the cray-

fish.

The new facts and comparisons add to the data for solution of the impor-

tant problems of the geographical distribution and the origin of the species

of crayfish, and they furnish a basis for practical application to the problems

of artificial culture and introduction of new kinds of crayfish.

In accordance with the rule adopted by the Smithsonian Institution, the

work has been submitted for examination to a commission consisting of Dr.

Walter Faxon, of the Museum of Comparative Zoology, at Cambridge, Mas-

sachusetts; Prof. W. K. Brooks, of the Johns Hopkins University, and Prof.

W. P. Hay, of Howard University, who recommended its publication in the pres-

ent series.

Chas. D. Walcott,

Secretary.

SMrrHSONiAN Institutiok,

Washington, June, 1907.
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The Young of the Crayfishes Astacus and

Cambarus.

By E. A. Andrews.

INTRODUCTION.

Tlie object of the present paper is to figure and describe the external

forms and the appendages of the early larval stages of the crayfishes Astacus

and Cambarus and to illustrate the details of the connections that exist be-

tween these larvje and the mother.

It is well known that the genus Cambarus is found only in North America

and here only to the east of the Rocky Mouutains, while the genus Astacus is

the only one found in Europe and Asia and in America is found almost ex-

clusively west of the Rocky Mountains. It is thus natural that the history of

scientific knowledge of crayfishes has been first the study of Astacus in Europe

and later the study of Cambarus in the eastern United States. The Astacus of

the Pacific States remains less well known.

Despite all the work that has been done upon these common animals,

several ])arts of their life histories have received scant attention. The geo-

graphical distribution and systematic description have been studied in detail by

liageu, Faxon, Huxley, Ortmann, and others; the embryology minutely ob-

served by Rathke and by Reichenbach ; and the general knowledge of crayfish

natural history added to again and again since the days of Roesel von Rosen-

hof. Yet little attention has been given to the study of the young crayfish after

it leaves the egg; a comparative neglect that tiatin-ally arose from the centering

of scientific interest upon the larval changes of marine crustacea in which re-

markable metamorphoses occur.

When these metamorphoses were estal)lis]i('(l I)y Vaughn Thompson and

others it was already known from the work of Rathke that the crayfish hatches

from the egg in essentially the adult shape and thus passes through no series

of metamorphoses. Interest in the crayfish young was then restricted to the fact

that it was exceptional in having no metamorphosis. In the ]n-eoccupation of

students of crustacean life histoi'ies in study of metamoi'phoses the young of

the crayfish were left without any illustrations excepting only those given by

Rathke to show the condition of the embryo when nearly ready to hatch and the

two wood cuts given 1)y ITuxlcv. Tb(\'<(> latter illustrations were evidently



8 THK VorNG or TIIK CKAYFISHES ASTACUS and CAMBAUrs

made from specimens preserved in alcohol, and, however excellent for their pur-

pose, fail to give the .iust proportions of the larvae, since all alcoholic specimens

of young crayfish are much swollen and distorted.

While two more figures of the young crayfish have recently been given,

(Andrews, '04) details of external structure are still lacking.

Having obtained the young of both Astacus and Cambarus by hatching the

eggs in the laboratory, it seemed well to fill in some of the gap in our knowledge

of the early larval life of crayfish, and especially so as the details of a curious

mode of connection with the parent were here first made evident.

HISTORICAL.

A l)ri('f statement of the history of our knowledge of the young of crayfish

will show that as yet the character of the appendages in the early stages, the

exact number of stages present in the life of the young while associated with

the niotlier, and tlie nature of the means l)y which the young are held attached

to the mother have waited discovery and illustration.

To Roesel von Rosenhof belongs the credit of an enthusiastic appreciation

of tli(> care of the mother crayfish for the young; the observation that the

young ai-e transparent and like tlie i)arent; the description of their crowding

upon the abdomen of the parent and of their finally foi'saking her after a few

days, during which, liowever, they would return to her at times as if recalled by

a signal.

Rathke ('29) was chiefly concerned with the embryology of the crayfish, but

also described something of the growth in proportions and in internal anatomy

of the young after hatching and gave figures of the embryo and of some of its

appendages shortly before hatching.

Reichenbach ('86) also added to his classic study of the emltryology only

a figure of the abdomen of a recently hatched larva.

Soubeiran ('65) measured young crayfish grown at the farm of (Jlairfon-

taine and recorded their moultings and rates of growth. More facts of this

.same kind were gathered by Chantran ('70, '71) from prolonged study of larvfe

reareil in ijic lal)oratory of M. Coste. Chantran also discovered a peculiar fila-

ment that held the young to the egg-shell after hatching and he finally convinced

himself that the young ate their egg shells and their cast-off skins. Some
other observations upon the size and times of moulting of young crayfish in

Sweden were also made by Steffenberg ( '72).

Huxley ('79) illustiated the recently hatched larva' by two wood cuts, one

showing the early larva fastened to the maternal pleopods liy its peculiarly re-

curved claws, which he first described and figured, and the other a dorsal view

of such a larva. He rectified the previous statement that the young at hatch-

ing are exactly like the adult and pointed out their differences in lack of setae.
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in l;i('k of al)dominal appendages on the first and sixth somites, and in various

l)ropoi'tions.

In America Hagen (70) in his fundamental study of our crayfish observed

the young of Cambarus attached to the mother in alcoholic specimens and re-

corded the dimensions of young in which the sexes were externally recogniz-

able. From like specimens Faxon ('85) in his revision of American crayfish

was al)le to make a number of comparisons with specimens of young Astacus

pnUipi's from France, and also to demonstrate the important facts that the

young Cambarus agreed, in general, with Astacus as described by Tluxley, but

that in the early larva as in the adult, Cambarus showed no vestige of the gill

found on the last thoracic somite in Astacus. These facts were verified by

Steele ('02), who for the first time described living larvas of Cambarus hatched

from eggs in the hiboratory and also recorded facts as to the habits and sizes

of young larv.T. From like living material Andrews ('04) added details of

hatching and liehavior of these larvie with figures of side views of living larv;e

in the first and in the second stages and noted the occurrence of two successive

attachments of the larvje by means of special structures.

To complete that last i)reliminary paper by adding details and many new

facts observed in Cambarus and to deseril^e similar stages in our American

Astacus is the purpose of the present i)aper.

III. ASTACUS LENIUSCULUS.

As far as known, no observations have been made upon the life histories

and habits of any American crayfish of the genus Astacus and as the following

facts were gained from animals kej^t in Baltimore far from their native habitat

they will need the corroboration of future studies made in the Pacific States,

but for the })resent they supply all our knowledge of the young of American

Astacus.

The material for stndy of the young Astacus was obtained as follows : Sixty-

four specimens were received February 23, 1904, by express from Portland,

Oregon, and, though i)acked only in wet excelsior, ten females and eighteen males

survived the journey and lived in running water in the laboratory for some

time. Shipped without selection of sex, the sixty-four were found to be made up

of thirty-one females and thirty-three males, which indicates an equal distribu-

tion of the sexes. The males, however, seem to have endured the journey better

than did the females.

During March, April, May, and June these crayfish died slowly one by

one, leaving one survivor in October. As they were fed from time to time with

small oligochfet?e, with fragments of crayfish and with pieces of frogs, the

cause of the very slow and lingering deaths was not evident, but probably the

food was not sufficient for such large and active crayfish.



10 THE YOUNG OF THE CRAYFISHES ASTACUS AND CAMBAKUS

Tt was decided that this Astacus was probably Astacus leniusculus Dana

as distin.s:uished from A. Trowhridgii by Faxon ('80) and the following observa-

tions upon their liabits in captivity seem to be all that is known of this species,

beyond its specitic characters.

The largest specimen was a female measuring 155 mm. from tip of rostrum

to end of telson, 205 nnn. from tij) of chela to tip of telson, 40 mm. wide across

the thorax and .S5 mm. deep; the abdomen was 45 mm. wide and its tail fan

expanded to a width of 70 mm., exclusive of the setae. With only about one-half

of its eggs left upon its pleopods this female weighed 106 grams.

The smooth clean shells and large well colored claws gave these crayfish

an ;ittrnctivo and decided!}^ lobster-like appearance, which was enhanced by

their very active pugnacious nature. In shallow water they quickly responded

to approaching objects and readily threw themselves into a defensive attitude,

leaning back with the whole anterior region raised high from the bottom of

tlic tank, tlinistiug tlieir brilliantly colored claws above them high into the air

and either holding them wide apart and o])en or clashing them together towards

an approaching object, towards which they hinged, or even seemed to spring.

Their quickness to react to distant objects, their quick reflexes and irrita-

bility led me to suppose they might well be carnivorous and their clear colors

suggested a life in clear water, but the collector reported that the AVillamette

River, w liciicc tliey came, was a rather muddj" stream, though formerly used as

water supply for Portland. In eai)tivity they were nocturnal, lying quiet and

away fi-oiii the lighter parts of the tank in the daytime and crawling about in

the night. They sometimes injured one another and also ate parts of their dead

fellow-crayfish and, as is so common with many kinds of crayfish, there were

cases of regeneration, which may have followed from injuries caused by their

•l)ugnacious and carnivorous habits. -One mal6 95 nun. long, when received, had

two regeni'iatiiig limbs. The left chela was rejiresented by its original basal

two segments and by a delicate new limb only 9 mm. long i)iotruding from the

truncated end of the second large segment. This little, bluish protuberance

was made of six movable segments and it was movable upon the old limb

whence it sprang, so that to make the seven normal movable segments of a

complete liml) a reduction in the number of movable joints umst take place,

probably l)y the base of the new growth ceasing to move upon the old second

segment. The other regenerating limb was the third left walking leg and here

again the old second segment bore a soft |)rotuberance, which, however, was as

yet not segmented. Thus in this Astacus, as is common in other crayfish, re-

generations had started from the preformed breaking plane, and in handling this

same specimen, though dead, the right third walking leg fell ofif at the breaking

1)1 ane.
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111 captivity slieddiiig, or ecdysis, took place iu early Hiimmer, iii some; thus

on June 11, when the water had risen from 9° C. in March to 22° C, one large

male cast its shell as one perfect piece containing- also the "teeth" and other

part of the lining of the "stomach." The creature was then quite soft and

easily indented by touch upon its carapace; it lay inert but could be made to

crawl iu a somewhat palsied way and even to flap its abdomen. On each side

of the heart region the carapace bore a white, indented, scar, as if made by

the claws of some other crayfish, so that the advantage of concealment at this

season as practiced by other Crustacea doubtless applies here as well. Thi'

entire shell was covered by a slimy soft mucus and its colors were brighter than

before, the under side of the legs showing also more blue. As seen from be-

low, the flesh of the abdomen had a peculiar coagulated appearance.

The new carapace had a length of 57 mm. and the old of 43 mm., and had

enlarged in diameter from 25 to 28 mm. The cast shell had one broken, antenna,

53 mm. long, which was replaced in the new shell by a perfect antenna 68 mm.

long. A week later this crayfish was active and keenly seized and ate a large

lumbriculus.

Two more males cast their shells June 15 and one of them was attacked

by others when only the carapace had been shed and the abdomen was as yet

in its old shell; one-half of the thorax and part of the abdomen were de

voured. The other large crayfish was able to flap its abdomen vigorously wliea

lifted out of the water though its body and clielie were soft and flaccid. Te.

both cast shell and new one the rostrum was broken off and had evidently not

been regenerated. Still another large male, received in October, 1904, cast its

shell May 19, 1905, and could move about thotigh still soft.

The breeding season of these crayfish was far advanced when they were

received in February. In many cases the males had no sperm left in the defer-

ent ducts and the females had laid their eggs, which in four dead and six live

specimens formed large dark masses attached to the abdominal limbs, or pleo-

pods, and to the sternal hairs of the abdomen. Contrary to expectations, these

eggs were still alive and it was found possible to rear them and to get the sub-

sequent stages in the life history as described below. In the hope of getting

light upon the early part of the breeding season, another lot of thirty-seven

crayfish of the same species were got from the same place October 29, 1904; but

here again the beginning of the breeding season had passed. The only two sur-

vivors on arrival were both males, and three others recently dead were also

males, so that here again the vitality of the males seems to exceed that of the

females. In all there were twenty-two males and fifteen females. Five of the

females had eggs upon the i)leopods and these were in early cleavage, showing

some twenty nuclei migrating to the surface. It would thus seem that egg-lay-

ing takes place in the autmnii, )ir(ilinl)ly in O'-tober, and subsequent observations
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sliowcd thiit the eggs are canied by tlu; female all the winter and hatch in the

spring. The eggs on each female were about 500 iu number and formed a dark

brown or more usnally nearly black mass all over the under side of the abdo-

men. Each egg was very large, about 2.5 mm. in diameter, and as in other

kinds of crayfish, enclosed in a comj)lete capsule of hardened secretions that ex-

tended as a slender stalk to fix each to the setjB on the pleopods, or, in some

cases, to the settc on the sternal ridges of the abdomen. All the eggs seemed

iu good condition except a cluster of four or i\ve among the brown eggs of

one female and these few were overgrown with a fungus.

Tlic darker eggs i)lainly showed embryos in the stage represented by

Heichenbach ('8fi) as J, fig. 12, standing out as a whitish area on one side of

each egg. Thus the embryo had already advanced to a condition in which the

embryonic area occupied a considerable i)ai-t of one-half of the spherical egg.

There was still a wide margin betwe(»n the aj^iiendages and the w^ell elevated

wall that surrounded all the posterior jtart of the embryo. The eyes, two pair

(if antenna', mandibles, maxilhv, maxillipeds, and five periopods were well

marked. The posterior four periopods and the alidomen i)rojected forward

over the thorax so tliat the abdomen reached to the first maxilhe. The eggs

of one female showed in addition to the above embryo many nuclei scattered

over the nonenihryonic areas of the egg and i)iainly seen against the brown

backgroiiii.l of yolk.

Ill one rcinalc tiie eggs were covi'ved by a dark deposit that had to be

scraped olf l)et'ore the glossy egg caiisule and the contained embryo could be

seen.

A few eggs were greenish and covered by a dei)osit that could be scraped

off; when these were opened, or when boiled, the contained embryo was found

to be in the stage H of Reichenbac^h.

in one l)lack egg the heart of the embryo was seen to beat very faintly,

and aftei- the eggs had i)eeii ke])t in water twenty-four hours many eggs showed

the heart beating and were kept in the hope that they would develop. In water

about 9° C. the eggs that were still attached to the abdomen of living females

did de\'elop, though vei-y slowly, as will be seen from the following results.

After nine days, ^^farch 2, the embryos were percejjtibly enlarged with

longer antenna' and al)domen, the second antenna^ reaching back nearly half way
to the end of the limb-bearing region. The heart, now lying in a plane at right

angles to the ventral surface and above the I)ase of the abdomen, was beating

so strongly as to give a decided jprk to the thoracic limbs. In one embryo it

beat at the rate of 66 to the minute and in another at 82. Inside the outer egg
capsule there was evidently a delicate inner membrane investing the embryo.

For six days more the only change noted was a slight increase in size and
the extension of the second antennae beyond the middle of the limb bearing

region.
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Four days later a marked widening of the anterior part of the embryonic

area had taken place and the slow growth of the abdomen had brought its tip

up to the posterior edge of the mouth. In another week the still larger em-

bryos had antennje reaching nearly to the end of the depressed, limb-bearing,

region and the abdomen reached forward over the mouth as far as the bases of

the second autenna\

Embryos of this age, some twenty- live da^'s after they were received, were

very attractive objects seen through the transparent" egg capsules. The trans-

parent limbs stood out strongly contrasted against the dark red yolk mass that

still took up the major part of the spherical egg. On each side of the egg the

l)oundary of the yolk mass was slightly incised where the "liver" was forming.

When such embryos were plunged a moment into boiling water and then put

into cold water a mere scratch of a needle sufficed to cause the tough outer

capsule to open with explosive force and the embryo was readily removed, leav-

ing even its thin membrane sticking to the inside of the capsule.

During another week there was but little increase in the length of the ap-

pendages, but through the transpai-ent walls of the limbs and body a few blood

corimscles were seen passing along in the large median tlioracic artery and

in the antennjt and periopods.

Ten days later, April 5, when the water had risen from 9° to 11°, the size

had markedly increased and the embryo instead of being restricted to a fiat

region upon one side of the sphere could no longer be seen from a single point

of view, since it now extended in a curved surface over one-half of the egg. The

long antenna" now met one another and their tips overlapped at the deep notch

where the abdomen joined the thorax. The legs and cheliB had grown long

enough to overlie the abdomen and to conceal its tip. Such embryos were

nearly in the stage K of Reichenbach and were prettily colored. The carapace

had In-ight red pigment along its ventral border, the dark red-brown yolk took

up less than half the bulk of the egg and was divided by a deep fissure into an-

terior and posterior lobes which were encroached upon by the "liver" which

was conspicuously colored. In one its contents were red and in fifteen green-

ish and ti-anslucent or else white-yellow and opaque. The large eyes had also

some pigment formed in them.

Eleven days later the elongated walking legs and chelae reached forward

over the posterior edges of the eyes. Pigment cells were as yet not seen in

the above limbs, but were conspicuous in the first and second antennas and in

the abdomen as well as the thorax. The delicate inner membrane was seen

loosely investing the tips of the ehete like a cast-off exoskeleton.

Some six days later the embryo had passed beyond the stage K and was

nearly ready to hatch. The limbs were even longer, so that the chelje reached

over part of the eyes and the antenna^ overlapped one another the whole width
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of the abdomen in such a way that the left ])as.siug posterior to the right had

its tip on the right side and the right jjassiug anterior to the left had its tip

on the left side. While all the eggs were still alive and had been kept well

aerated by the swaying movement of the pleopods that the mother makes, seem-

ingly for this purpose, yet some of them showed the effects of such a very long

existence in the water by being covered over upon the outside of the egg cap-

sule with deposits which in some cases were mixed with growths of minute

fungi and in some with vorticellEe. The eggs seemed under tension and burst

open when thrown into hot Woi'cester's liquid; the touch of a needle to the live

egg also caused its ca})sule to pop open.

As seen under a pocket lens, these eggs nearly ready to hatch present a

most attractive ai)pearance. The carapace is spangled with branching, ver-

milion, pigment cells that are especially numerous along its ventral edges and

near the base of the abdomen, which is l)road and also well pigmented with

the same kind bf cell. The antenna; and antenni;les have both red and blue

pigment cells on their basal part, but these cells are not numerous and are

entirely absent from the filaments. Tiie chela; and walking legs have some few

scattered pigment cells. The still large dark red-brown yolk mass has the

forked, light-colored, "liver" projecting into it. The eyes are darkly pig-

mented in all their central parts, while the surface is still clear and transparent

for some distance inward.

The actual hatching of the eggs took place on one female April 25-27, and

on another May l-(), and was prolonged over several days, that is, not all the

eggs on one female hatched at the same time, but whether this is normal or in-

duced by the artificial conditions remains to be found out from study of these

crayfish in their native waters. These eggs had thus required 62 to 64 days

in one case and 67 to 71 days in the other to develop from the well advanced

embryo of stages 11 and J of Reichenbach to the hatching larva. The tem-

perature of the water had slowly risen from 9° C. to 1-1° C.

"When a female died before the eggs hatched, it was found possible to

hatch the eggs by cutting off the pleopods of the mother and fastening them
to pieces of floating cork so that the eggs would be suspended in well aerated

water.

In hatching, the egg capsule burst open over the back of the embryo, and
usually opposite to the egg stalk, and then the embryo slowly glided out back-

ward, much in the same way as has been described for Cambarus (Andrews,
'04).

In all crayfish, and in many other Crustacea, the eggs remain firmly

fastened to the mother during the whole period of development and when the

embryo escapes from tile egg-shell the old shell remains still fastened by a

strong stalk that is stuck to the maternal seta\ In this Astacus as the em-
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bryo slowly emerged from the egg capsule it was evidently in a very inactive,

helpless state, soft and unable to use its limbs, so that one might expect it to

drop away from the egg-shell, fall to the ground, and continue its life, if at all,

away from the mother. However, it is well known that young crayfish remain

for some time upon the abdomen of the mother, which they do not leave till they

are well able to swim and to walk. This period of interrelation between mother

and offspring deserves special study and we will describe more in detail than

has hitherto been done for any crayfish the remarkable structures used in en-

suring the connection of mother and young from the moment of hatching up to

the time of real independence and free life.

Instead of dropping away entirely from the egg-case, each soft, helpless,

larva hung attached to the inside of the egg-case by a delicate thread which was

firmly fastened at one end to the inside of the egg-case and at the other end to

the telson of the larva. The soft, pink-colored larvae thus at first hung out

from the egg capsules like the pulps from burst grape-skins and were then pre-

vented from entirely falling away from their capsules by these threads, so that

they suggested the seeds of the "cucumber tree" dangling out of their pods.

As the young remained limp and helpless for some time these "telson threads,"

as we may call them, appeared to be of great use, since without them the larv;v

would have fallen to the bottom of the water and having lost connection with

the parent have had small chance of survival, lacking the protection or aeration

furnished by the mother.

Such telson threads are doubtless found in the European Astacus, for in

a footnote added by M. Robin to Chantran's paper (70), we read: "J'ai pu

constater, a I'aide du microscope, comme I'a montre M. (Jhantran a 1'Acad-

emic, que les petits restent pendus sous I'abdomen de la mere, par I'interme-

daire d'un filament hyalin, f/ii<tweH.r, qui s'etend d'un point tie la face interne

de la coque de I'o'uf jusq'aux quartre filaments les plus interns de chacun des

lobes de la lame membraneuse mediane de I'appendice caudal. Ce filament ex-

iste deja lorsque les embryons n'ont encore attaint que les trois quarts environ

de leur developpement avant I'eclosion." And the same general fact is men-

tioned in the report of the committee awarding the Montyon prize to Chantran

(C. E., 75, 1872, p. 1841). Of the above passage Huxley ('80, p. 352) says: "Is

this a larval coat? Rathke does not mention it and I have seen nothing of it

in those recently hatched young which I have had the opportunity of examin-

ing.
'

'

The exact mode of attachment of this filament, or telson thread, and its

probable nature will be described below in connection with the telson of the

larva of this Araei-ican Astacus and later on in considering the like stiaictuj-e in

Cambarus.

The size of the larva in its first stage is indicated by the following rough
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mea.suremeut.s of preserved speciiuens : Length of head-thorax, 4 mm. ; width,

3 mm. ; depth, 3 mm. Length of abdomeu, 5 mm. Length of antenna, 6 mm.

Length of chela, 5 mm.

lieturning to the areount of the hatching young, it is to be noted that tlie

activities of the young were but slowly acquired; here and there amongst the

mass of eggs and young ujion the female some larvie showed feeble movements

of the scaphognatliites and, later, rhythmic respiratory movements; the long

antennas projecting into the water moved somewhat, the legs and chelae some-

times moved and the claws opened and sliut. Upon escaping from the spherical

egg-case the larva became l)ut little straightened out and remained essentially a

spheroidal head-thorax with a weak abdomen bent in under it and with soft,

pendent limbs. However, in from one to six liours the limits reaching about,

the claws opening and shutting and the abdomen sometimes flai)j)ing up and

down, it was seen that the chelae managed to get hold of the stalk of the egg-

case. Henceforth the lar\a' held fast by the chela? though for a time still

fastened by the telson thread also.

The pleopods of the parent were now covered over with a mass of flesh-

colored young, showing slight movements and conspicuously marked by the

two-lobed, red yolk mass, by the dark eyes and by the yellowish "liver" areas.

The dark yolk masses showing through the pale bodies gave somewhat the gen-

eral appearance represented in figure 2, which was made from a photograph

of a living female shortly after the eggs (excepting one) had hatched.

When foi-cibly torn loose from the mother the recently hatched larvae, too

spheroidal to rest on their ventral side and unable to stand on their legs, lay

for two days on their sides, kicking their legs but unable to walk; when, how-

ever, much disturbed, they managed to swim forward along the bottom of the

dish l)y fiapjiing their abdomens, though they still remained on their sides.

"Wlien offered a piece of rough string, such young seized it and remained sus-

pended in the water, holding fast by their chelae. In this way some larva^ were

kei)t suspended in running water and successfully carried into later larval

stages away from association with the mother.

This tending to seize hold with the chekne is accompanied by a tendency to

push far in amongst the general mass of young attached to the pleopods, so

that in a few days all the young are densely crowded together in a compact
mass and their long cheh« are seen to reach far in and to be fastened either

to the stalks of egg-cases or to the coagulum that binds the setae together on
the pleopods. (Jenerally both chela; grasped the same egg stalk but not always

and one lar\a was seen holding by one chehv to an egg stalk on one pleopod
and by the other chehe to an egg stalk upon the next pleapod. As the rhyth-

mic movements of the pleopods continued after the young were hatched,

this larva was in danger of having its chel;B stretched apart.
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The fixation of the chehu was a gradual process ; at first the claws of the

chelae were not opened even when those of the walking legs were opened and

shut, but soon the chelfB claws opened and shut and soon seized hold of any

solid oliject accessible. Sometimes the object seized was agaiu let loose but be-

fore long the chelae had reached in among the mass of young and eggs far

enough to find and fix upon one of the egg stalks, which are of a material and

size seemingly well fitted for the attachment of the claws. Henceforth the chehv

seemed to remain always fast and their structure as described below indicates

that once imbedded in the material of the egg stalk the tips of the claws could

scarcely l)e liberated by the crayfish. This fixation was first made out in the

English crayfish by Huxley ('80), who inferred that when once fast it would

be difficult, or impossible, for the claws to open again.

This use of the chelaB to obtain attachment to the mother was exercised

with what appeared to be very earnest effort and once successful it was found

that the telson thread was soon ruptured. And then if the larva' were dis-

turbed they flapped their al)domens up and down and it was seen that the tel-

son thread had broken so that a piece of it was still attached to the telson and

was waved' about by the telson like a bit of rag fastened to it. Henceforth the

young held fast by the chelaj only.

The general ai)pearauce of this mass of young on the mother was peculiar

since the rounded head-thorax was the chief part visible in each and this was

of light color with a striking bilobed or horseshoe-shaped, dark red, yolk mass

across it. The legs and abdomen were concealed and the dark eyes were gen-

erally out of view. With bent heads and outstretched limbs their attitude

ludicrously suggested one of supi)lication.

Thus they remained for some days. When disturbed the young made trami)-

ing movements with their legs but did not move from the place to which they

were fixed liy their long chela?. The abdomen, carried down under the thorax

somewhat as in the embryo, was not readily moved but with sufficient stimulus

from a needle point was flapped rapidly back and forth. When a larva was

forcibly pulled off from the mass its chelae, still attached, were stretched out to

their fullest extent and when the larva was released the chel:« contracted and

made the larva spring back into place where its limbs and abdomen were again

drawn in under the thorax and the creature became again one of the herd of

"bison" presenting only their humped backs to the observer. If by stronger

pulling the larvae were torn loose from the mother the cheltB parted from the

egg stalks without breaking and reaching about seized hold of adjacent objects

such as the antenna? of other larvae. Left to themselves on the mass, these

separated larvae soon got back again amongst the crowd; but if put ui)on the

bottom of the dish they did not yet stand up but only gyrated about by fla])-

l)ing their abdomens.
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The long auteuii:v remaiued for the most part low down amongst the gen-

eral mass and did not yet project up al)ove the level of the rounded backs;

they were, however, carried out in front and not, as in ('(iinhdiHS affiiiis, tucked

in between the legs.

Fastened thus to the mother, the larva^ remained some days and then cast-

ing off their shells passed into a second larval stage which also lived upon the

mother. In one female kei)t in running water at 17° C, the duration of the first

larval stage was only four days, but some young of another female which

were kept suspended from strings hanging in water in a warm room remained

five to seven days ])efore changing to the second stage and their fellows kept

in watei- at 14° C. remained eleven to thirteen days in the first stage. Dur-

ing this long existence in the first larval stage the only change noted was a slight

darkening of the color which, owing to the scattering of bright red, branching,

pigment cells on a white background appeared to the naked eye fiesh-color.

Before considering the transition from the first to the second stages we will

describe the details of the external form and aii|)endages of the first larva.

A side view of the living larva (fig. 3), suggests embryonic incompleteness

in that the antenna", abdomen, and limbs are carried downward in a way not

adapted to locomotion, while the globose cephalothorax and large eyes with short

stalks are features of an embrj^o rather than of an active larva. The dark mass

seen in the tigure was the still conspicuous red yolk mass which from the dorsal

view (fig. 4), was balanced right and left in the anterior half of the cephalo-

thorax. In life the larva was translucent yet brilliantly colore.! liy the scat-

tered pigment cells indicated in black in the figures and which were absent only

from the terminal filaments of the antennie and from most of the segments of

the legs. In the side view the first and second antenna* are conspicuous, the

three maxillipeds are seen in ])art, tlie chehe are very long and heavy and the

fdur walking ](>gs are long and weak. The abdomen ])ears only fV)ur pairs of

pleopods and these are small, weak, and bifid. The first and sixth pleopods are

not seen and the abdomen ends in a simple telson in place of the locomotor fan

of the later larvte and adults. The larva is evidently very defective in locomotor

apparatus, has its sensory organs not perfected, and is specialized in its strong

clinging organs, llie chehe, and in its large digestive apparatus for utilization

of the stored-up yolk. It is still essentially embryo-like in structure and in

mode of dependent life, but is exposed fi-ee to the water.

The sanu> general features are shown in the dorsal view (fig. 4), which

shows the split-open egg capsule and its stalk, connected by a slender thread

to the telson of the larva, a "telson-thread" that is fast at one end to the

peculiar fan-like telson of the larva and at the other end to the inside of the

ruptured egg capsule. It will be noted tiiat the head-thorax though globoidal is

considerably elongated and does not liavc the swollen sides shown in Iluxlev's
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figures of the English Astacus, which, however, were doubtless drawn from

alcoholic specimens, and in A leniusculus the action of alcohol is to cause great

distortion of the branchiostegites. As compared with the adult, however, the

proportions of the head-thorax are embryonic and there must needs l)e much

greater elongation as well as lateral and vei-tical changes to bring about adult

proportions.

While both from side and top views (figs. 3 and 4), the characteristic

rostral sjoine of such Crustacea seems absent, full front and diagoual side

views (fig. 5) show the rostrum to be well developed and armed with lateral

spines, but so bent down between the eyes as to be of no such use as a de-

fense as it later will be in active stages of the larva. The habit of the first

stage which clings to the parent is thus correlated with imperfections of defen-

sive armament as well as with presence of food yolk and imi)erfections of loco-

motor organs. Among the latter characters may be reckoned the smooth sur-

faces of the limbs and absence of setae that later will increase the areas of

resistance for striking against the water as well as furnish means of sense

perception. The lack of seta; represented in figures 3 and 4 is still more strik-

ing in enlarged views of the limbs and is in strong contrast to the hirsute char-

acter of all parts of the active larvie and of the adults, and this absence of

seta; gives the larva^ a decidedly embryonic appearance.

The pronounced incompleteness of locomotor organs is also associated with

the shortness of the thoracic region bearing legs ; thus the cheliB arise farther

from the anterior than from the posterior ends of the head-thorax and leave

little space for the walking legs, while the anterior region containing the yolk is

greatly developed in size.

Next taking up in sequence the nineteen pairs of appendages of the adult

we find them represented in the first larva by seventeen pairs that have in the

gross, as made out by Rathke for embryos about to hatch, the essential mor-

phology of the adult appendages but lack the setae and differ in proportion as

will be seen from the following account and illustrations.

The whole exterior of the larva in its first stage is covered by a chitinous

exoskeleton of such resistance that when the young were thrown into Wor-

cester's liquid they did not die for several minutes; the appendages were cut

off separately from such hardened embryos and gave the views represented in

the following illustrations.

The first antenna stands out horizontally in front of the head (figs. 3, 4)

and is straight ; as seen in figure 6, it has three basal segments, five in exopo-

dite and in endopodite. The segmentation of the endopodite is very obscure.

The terminal segment in both endopodite and exopodite bears three obscurely

pointed spines, one of which, in the exopodite, is long and apparently of the

same character as the sensory setae found there in later stages. On the long
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basal aud next segment of the protopodite there are a few blunt spines as in-

dicated in figure 6. This also shows the auditory organ as an open pit on the

upper surface of the basal segment, in the part that is swollen out laterally.

The second antenna (fig. 7), though it has a long filament, is still embryonic

in proportions. The base consists of two short segments, the first of which

bears the very large prominence that faces inward and has the opening of

the green gland, or kidney, within its depressed top. The second segment

bears a few blunt distal spines of large size. The exopodite is a very large

flat scale ending in a blunt point and bearing some sixteen blunt spines along

its serrated inner and anterior edges. The endopodite consists of three large

basal segments and of a long round filament of many segments, forty-five to

fifty, the first of which is long and slender, while the following ones are each

about one-third as long as the first. The terminal segments are again more long

aud slender. As indicated in figure 7, there are a few spines at the distal edges

of some of the terminal segments and of some of the others near the tip. In

the adult there may be 125 segments.

The mandibles (fig. 8) have a well developed cutting edge which, however, is

smooth and not toothed as it is in all later, fiuictioual, stages aud there was

no evidence found that these organs were used. The ]ialpus has three segments

and is smooth except for the distal face of the third segment which is sparsely

set with rather acute spines, numy of which are shown in figure 8, and moi'e

of which are present upon the inner aspect and not seen from this point of

view. The j^alp is thus a blunt clul) witli terminal spines.

The first maxilla (fig. 9) is very small and made of two fiat plates and a

somewhat rounded and blunt endopodite of curved finger-shape. Here for the

first time we meet with a few small, plumose seta^ along the outer edge of the

distal segment. The two flat plates that represent the i)roto])odite are spinulous

at the ends, much as in the i)alp of the mandible. The distal piece is also armed

with a row of a few spines along its proximal edge as seen in figure 9. The
ends of both plates are set with spines on the face toward the mouth; the

proximal plate is ]-ounded, the distal one truncated to form a jaw-like organ.

The second maxilla (fig. 10) bears the long scajihoguathite which has a

dense row of plumose sehe all along its extensive free edges. There are also

a few plumose set* at the base of the endopodite, as in the first maxilla (fig.

9). As above noted one of the first muscular activities acquired after hatching

is the slowly developed rhythmic beat of the scaphognathite, and with this use

of this api)endage there is present an armament of plumose set?e lacking else-

where in the locomotor organs of the larva. While these plumose seta; are not

used in locomotion their function as flexible areas of resistance to the water

which the scaphognathite liales out of the liranchial chamber is akin to that of

locomotor set:r. The rest of the second maxilla is nearly bare of seta', but there
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are a few, long hair-like setai standing out from the external face of the pro-

to])Oclite. The protopodite has the sau^e two plates seen in the first maxilla

(fig. 9), but each is deeply cleft, so that four free tips project toward the

mouth. The four tips each bear blunt spines on the outer and distal faces as

shown in figure 10, while upon the inner faces toward the mouth they are all set

with longer, sharp, curved spines that are claw-like. The eudopodite though

longer and more slender than in the firstmaxilla is still very simple and not seg-

mented.

The first maxilliped (fig. 11) shows the protoitodite again reduced to two

flat plates much as in the first maxilla (fig. 9), and there are simple spinules

on their cutting edges. The endopodite is small and simple, intermediate be-

tween that of the second and first maxilla'. In place of the scaphognathite

there are two movable parts ; a long flat plate, the epipodite, which is without

set* though sparsely spinulous on its posterior edge; and a very long and

lirominent exoitodite. The exopodite has a very long swollen basal ])art with

very long })lumose seta? on its outer edge as shown in figure 11 and is else-

where naked. The terminal part is long, slender and with a very few spines

at its tip. As the base of the exopodite lies over the distal end of the epi])odite

it is not readily seen that the epipodite has a short truncated extension sug-

gesting the anterior end of the scaphognathite as well as the evident posterior

blade that reached back into the gill chamber and is comparable to the like

portion of the scaphognathite.

The second maxilla (fig. 12) is more complex; the two segments of the pro-

toi)odite are subordinate in mass and extent to the greatly developed eu-

dopodite and gill structures, but they bear a few ]ilumose set« u]ion their

inner edges. The endopodite resembles that of the first maxilla in position,

general form and curvature, but is not only larger but subdivided into five seg-

ments and bears spines. In addition to the spines shown in figure 12, there are

also long curved ones on the inner face of the terminal segment. Compared

with that of the first maxilliped, the exo])odite of the second has a very narrow

basal part which is without plumose setai but bears a few long spines on its

external edge. The epipodite is present as a long, curved lamina, bilobed at the

tip, and along its inner face are borne the numerous blunt filaments of the gill,

podobranch. This podobranch is free at its tip, but elsewhere adnate to the

lamina and bearing two rows of blunt side ]>a]nlhB or gill filaments which are

directed toward the apex, and increase in size in each row from base to apex.

The epipodite lamina has a few plumose setae on the rounded ridge at its base

and along its edges are scattered curved, short hooks, while its emarginate tip

bears a few blunt, fringe-like papillte. In addition to the al)ove gill there is one

arthrobranch that is shown in figure 12 to have a long slender stem ending

l)luntly and bearing two rows of blunt, cui-ved, finger-like lateral filaments
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wliifh may each end with a small, blunt si)iiie. Tlie thinl inaxilliped (iig. U)

exhibits the typical morphology of this organ in the adult; a somewhat two

jointed basal protopodite bears a large five-jointed endopodite of great size,

a long slender exoi)odite, a large epipodite and podobrauch; and two arthro-

l)ranc'hiie arise from the region connecting the appendage to the body.

The endoi)odite bears spines upon all its segments and the protopodite has

a coni)le of small spines upon its distal segment and a plumose setae upon its

proximal segment. The exopodite, in contrast to that of the second maxilliped,

has a shorter and more slender basal segment devoid of spines, _ while the

second segment has several spines at and near its tip. The lamina of the

epipodite has the same characters as in the second maxilliped, Init the plumose

set;e along its basal ridge are twice as many. The podobrauch is like that of

the second maxilliped. Of the two arthrobranchi:? the anterior one is much

like its Jiomologue on the second maxilli2)ed, while the posterior one, nearer the

observer in figure 13, is smaller and more simple with fewer lateral filaments.

Coming next to the ambi;latory api)endages, we find the usual large chela-,

the two pairs of slender chelate and two pairs of nou-chelate legs (figs. 14, 15,

If). 17, 18). In these appendages of the first larva there are, as in the adults,

no exo)iodites, and even the remarkable exoi)odite set* of later larvte and of

adults are absent in this first stage, thus adding to the simplicity of the limbs,

which is also expressed in the entire absence of plumose set-.v and the itresenee

of but few sharp spines.

The chela (fig. 14) has the recurved terminal hooks first made out by Hux-

ley in the English Astacus, and which lead to the firm locking of the ehehp to

the egg stalk, as above narrated; and the opposing edges of the claw are ser-

rated from the presence of sharp spines pointing toward its tip. The chela

bcai-s very large sharp protuberances along the inner edge of the meropodite

segment, of no api)arent use, while the great length and thickness of the whole

linil) is apparently necessary in that firm holding of the larva to the mother

which i-esists the force of the maternal ])leopods that swing the larv:i> liack and

forth.

The ('iMiMxlitc ami gills of the chehi' aiv like those of the third maxilliped.

Tlic following two legs (figs. 1."), IG) are like one another in every way
exce))! in proportion, the first being shorfci- than the second. Each has a

sharp claw with sinnes ))ointing toward the tip, but the tips are not recurveil

as is the case in the big chehe. The gills on these two appendages are like those

ol" the chela, but there is in addition a slender simple gill upon the body wall

near the arthrobranchia>. This pleurobrauchia is a single filament with no
lateral outgrowths and may be regarded as rudimentary at this stage, as it is

also in tlu' adult.

The remaining legs (figs. 17, IS) have terminal segments almost like those
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oi' the preceding legs, but there being no opposing outgrowth of the proi)odite,

tliere is no claw. The legs increase in length and in sleuderness from before

back in the series behind the chehp. The penultimate leg (fig. 17) has a longer

pleurobranch associated with it but otherwise its gills are as in the preceding

limb. The last leg, however (fig. 18), has its gills suddenly reduced; in i)lace of

the epipodite and podobranch there are but a few plumose hairs such as stand

upon the basal ridge of the epipodite of the preceding somites. The artliro-

bi-anclis are entirely absent and there is but one gill which is a pleurobranch,

which, however, in place of being a simple filament or rudiment, resembles a re-

duced or simple arthrobranch in that it has about seven short lateral processes

in two imperfect rows.

The l)ranchial formula of the first larval stage of Astacus leniusculus is

then as is given in the table below. This was found to be just the same in the

adult of this species and it is said to be the same in the English Asfdfiis pal-

lipes, except that the latter lacks the rudimentary pleurobranch on the somite

of the first leg.
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Imt live segments in its exopodite uiul in its eiidopodite, is l)ut embryonic eom-

l)ared with the adult that has at least thirty-live in its exopodite and almost as

many in its eudopodite, a difference which is of great moment when we con-

sider the repetition of special sense organs that are found on many successive

segments of the exopodite of the adult. The auditory organ also is apparently

of no functional value in the early larva." The number of segments in the tila-

meut of the second antenna must also increase greatly to form the one hun-

dred and twenty-five of the adult; an increase apparently brought about by in-

terpolating new segments at \'arious places by division of the old ones into

two.

While all the adult appendages of the head-thorax are represented in the

larva at hatching, this is not the case for the abdomen, for the sixth pair of ab-

dominal ai)i)endages are not externally present and the first pair which in the

adult male are so essential are absent in the first larva as they also are in the

adult female. The other abdominal appendages are four pairs of simple ple-

opods which hang doAvn beyond the pleural plates of the al)domen so that they

are seen from a side view (fig. 3). Each ])leopod (fig. 19) is as in the adult

composed of a short and a long segment that make u]) the jirotopodite and of

two simple terminal plates, the endopodite and the exopodite. These are

slightly curved and armed at the ends and to some extent on the edges with

small weak spines and they entirely lack the i)lumose setiB that makes them iise-

ful in the adult for fanning the water. The illustration is of the anterior face

of the left pleopod of the second abdominal segment and shows that the ex-

opodite is longer and wider than the endopodite. while in the adult the exopodite

is much the shorter and smaller in the female pleopods that bear the eggs and

in the male pleopods that transfer sperm. The appendages of the sixth somite

though not externally free are yet present and of large size though imperfect

in development and lie within the substance of the telson, as can be seen in

transparent living larva\ Tt is their presence which swells out this region

v(>ntrally and gives rise to the pi'otuberance seen from the side view (fig. 3).

Looking at the telson from above (fig. 20), the very imperfect future sixth ple-

opods are seen as two somewhat less translucent areas, right and left in the

anterior ])art of the telson and each having an outline suggesting that of a mit-

ten. Only later will these concealed buds of the sixth appendages burst out

after a .moulting and expand as the very large lateral ])arts of the caudal fan,

so essential in quick locomotion. This retention of these ajjpendages within

the telson in Astacus was known to Huxley ('80), and figured by Reichenbach

('86). .

The telson requires special consideration in connection with the "telson-

thread," as mentioned above. The telson itself is a very large plate with

nearly circulai- outline and is tliiii i)osteri()r to the above region occupied by
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the buds of the pleopods on either side of the iutestine and anus. In structure

it is essentially a translucent, vascular, connective tissue mass over which are

scattered brilliant vermilion pigment cells, indicated in black in ligure 20, and

which is covered by a thin epidermis and thin chitinous cuticle. Along most of

the free margin of the telson is a row of blunt, stiff papilhe, or spines. In all

there are about sixty-six of these spinss arranged symmetrically, half on each

side of the median plane. In the figure of Astacus given by Reichenbach ('86)

there are but twenty-five spines or dentations on each side of the median line

and this may well be a character of systematic value. In addition to the

thirty-three lateral spines of Astacus leniiisciilus there were six or seven

smaller, blunt spines on each side which stand in between some of the larger

ones, one small one between two larger ones, and generally not so near the edge

but more \\\) on the dorsal surface of the telson.

The interior of the telson has a radiated appearance like that figured by

Eemak and by Reichenbach and which was referred by Huxley to the disposi-

tion of vascular canals; but in our present larvje this radiation is due to long

delicate lines passing centrally inward, one from each lateral spine and from

some of the smaller spines, thus making the divergent system radiating from

near the anal region as shown in figure 20. Subsequent events show that these

lines are the forming plumose set?e for the perfect locomotor telson of later

larval stages. Each when enlarged (figs. 21, 22) is a bundle of fibrillge that are

very small in comparison with the nuclei of the epidermis as each bimdle of very

many fibrils is but once or twice the diameter of a nucleus. These radiating

lines are in fact to be likened to compressed bottle brushes which later will

expand as the perfect locomotor plumes on the telson of the second larval stage

(fig. 23). The plumes are being made within epidermal tubes or glands and

between the successive radiating glands the vascular spaces, also radiating,

form the justification for Huxley's interpretation.

During the first hours of larval life the telson is connected to the inside of

the egg case by the long telson thread represented in figure 4. This is a trans-

lucent, chitin-like membrane, or flat ribbon, showing a striated appearance due

to fine wrinkles in it (fig. 20), Imt otherwise a^iparently homogeneous. Though

seemingly but superficially attached to the telson the contact is a very firm one

so that when the larva succeeds in getting hold of the egg stalk and finally

flaps its abdomen strongly enough the telson thread is broken before it is torn

loose from the telson. "VVlien enlarged (fig. 21) the mode of attachme'nt of the

very thin but tough membrance is seen to be, that ten of the marginal spines of

the telson bear special hook-like projections that ai'e fast to the membrane.

These few spines are different from the others though some of the adjacent

ones have somewhat of the same structure at their tips. While in figure 21 the

spines and their processes are represented in black, they are in nature trans-
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liareiit, colorless and very inconspicuous, especially the processes which are

hyalin, myelin-like protrusions, suggesting the products of glandular activity.

While many of these protrusions end bluntly others seem to be continued as

fine threads that are fast to the membrane or telson thread. Moreover, many

of the protrusions bridge over the space from one spine to the next and are con-

tinuous with adjacent protrusions as if they had flowed out when viscid and then

coagulated. Such bridges make adjacent spines into hooks that hold fast to

the membrane, but the ultimate and essential fastening of the membrane to the

telson is by fine threads of some coagulated material that seems to be a con-

tinuation of the grosser protrusions figured in black in figure 21.

It Avould appear from the statement of M. Robin cited above (page 15)

that in the Astacus studied by Chantran there are but eight spines used for

attachment to the telson thread.

The origin of these peculiar glandular spines, for such they seem to be,

rs to be sought in the embryo. At the time of hatching the egg capsule breaks

and for a brief jieiiod the embryo may still be enveloped in a very delicate

membrane which i)asses over the abdomen and all about the telson. At that

period the spines of the terminal ])art of the telson abut against the invest-

ing membrane as shown in figure 22, which is from a specimen just hatch-

ing and killed in Perenj^'s liquor. Here are shown the epidermal nuclei, the

st rial ions, or forming plumes of the future telson, continuing up through the

])ody of the spines, only three of which are drawn; and at the tips of the spines

fountain-like masses of blunt protrusions, swollen at the tip and in many cases

pressed against the membrane. It would seem that a viscid mass had been

poured out from the tips of the spines and that this oozing out in threads had

become firmly soldered to the membrane.

As far as made out the origin -of the sup2)orting telson thread is thus as

follows. The thread is really a membrane and when the embryo is hatching

this membrane is spread like a loose skin all over the embryo inside of the

egg case. When the embryo hatches it also sheds this membrane, coming

finally to pull its abdomen out of the part of the membrane that surrounds

the abdomen like a long bag. The bottom of the bag is, however, fastened to

the tip of the telson as indicated in figure 22, so that the creature cannot get

entirely free from the bag but pulling out its abdomen pulls up the bottom of

the bag and turns the bag inside out. The sfniggles of the larva drag the

membrane into a long thread, and one end of this remains attached to the tel-

son spines as seen in figure 21. Once this is accomplished the fact that the

clear thread is really a cast-off membrane would not be suspected, since it

seems a homogeneous, finely wrinkled thread thai niiglit well be a secretion.

The similar structure in the P]uropean Astacus was mentioned merely as

a lilament as cited nliove. |iage 1'). bnt IfnxU'y inlnitively (pieried if it might

be a larval skin.
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The other eud of the telson thread remained fast iuside the egg capsule

(tig. 4), and this attachment is as important as the above described attach-

ment to the telson in making the thread of use to secure the larva from being

lost. IIo^Y the connection of the inner membrane to the egg capsule was

brought about was not determined but it was existent long before the embryo

hatched. Embryos three days before hatching killed in Worcester's liquid and

soaked a week in five per cent potash showed an outer egg capsule, an inner shell

and a membrane that was loose and visible over the chelnp and over the dee])ly

bifid telson which already bore terminal spines. And embryos nine days be-

fore hatching showed the same double shell and membrane, but no telson spines.

The telson thread is thus a thin membrane formed about tlie embryo and

early fastened by radiating fibrils (fig. 4) to the inside of the inner of the two

layers of the egg capsule. Later in the life of the embryo this membrane be-

comes also fastened to the telson by secretory activity of the terminal spines.

AVhen the embryo hatches the membrane is ruptured and in jjart turned iuside

out and drawn into a thread-like form, fastened at both ends. Other facts re-

garding the telson thread will be given below in the description of Cambarus,

in which it also exists.

The i^assage from the first to the second larval stages was seen in some

larv;e lying in the bottom of a dish, and in others that had fixed themselves to

strings. In these the old larval skin burst open and the second larva, as it

were, "oozed" out backward for several minutes and its clieliB and abdomen re-

mained longer inside the old skin but were then suddenly withdrawn. For a few

minutes the larva in its new stage lay stretched out straight, as if dead but then

flopped its abdomen, moved its legs, got upright and walked and even swam

backward and finally crawled up into the piles of other young in the same

second stage.

While the larva in the first stage was inactive and remained always

fastened to the mother, the second larva was active and finally abandoned the

mother though for a time still associated with her. Upon casting off their first

larval skins the larva? in the second stage leave those skins fastened by their

chela' to the egg stalks on the mother's pleopods, and are free to crawl about

over the pleopods of the mother amongst their numerous fellow-larvae. Soon

these larva^ descend the pleopods and make short excursions under the abdo-

men of the resting mother and ovei- various parts of the mother's body, finally

wandering ot¥ over the bottom of the aquarium for short distances to return

frequently to the mother again.

The mother thus had fastened to her pleopods a large mass of old egg stalks

and ca])sules to which were fastened the cast-oflf skins of the larvae, and over

this mass ci-awled the active larv;e till after a few days the egg cases and cast

skins as well as egg stalks were found to have disappeared leaving the pie-



28 THE YOUNG OF TUB CRAYFISHES ASTACl'S AXD CAMBAKUS

opods clean but still occupied by the larv*. In the Astacus in France Chan-

tran (71) finally convinced himself that the larva? ate their cast skins and the

egg capsules; and the same probably occurs in Astacus leniusculiis.

The habits of the second larvje showed much greater diversity than was

possible in the attached larvae in the first stage but through the early part of

the second stage a tendency to climb seemed a dominant feature of their lives.

AMicn a number were put into a dish by themselves they tended to climb up onto

one another to form a nuiss but if put back with the mother they soon climbed

up onto her pleopods where they held on so firmly that when a pleopod was cut

off and thrown into 70 per cent alcohol, some of the larvae still retained their

hold though most of them did not. When the ]arva> alone were in a dish with

a spray of iii\ ridpliylhuii they climbed up it and ci-awled together in a mass

between the ])hmt and the glass; but thej^ did not climb up onto a piece of

cotton cloth hanging down in the water from a floating cork. Even when the

mother was dead, the young twenty hours after passing into the second stage

continued to hold firmly to the maternal pleopods. But after three more days

the young lijul ceased to huddle together so much, and crawling altout over the

bottom of the ;if|uai-ium, and sometimes swinuning, they were at times carried

away with tlie current of water. Though some of the larv;p concealed them-

selves under ooze and dead leaves at this time, others continued to hold on to

the abdomen of the dead mother for four or five daj^s, when the abdomen was

cut off and fastened at the surface of running water, but about May 18 these

larva^ also dropped to the bottom and lived there. This climbing instinct can

then be satisfieil in various ways, and when thirteen larv» were removed and

put into a dish with another female bearing young, but few minutes sutficed

for five of the thirteen to find and to climb up onto the pleopods of the strange

female. The i)ossibility of resolving these habits of the young second stage

crayfish into so-called tactic phenomena, into chiefly geotactic and stereotropic

responses, will be considered in connection with some observations upon the

young of Cambarus.

The general form of the second stage as represented in figures 2.3 and 24

is obviously more like the adult than like the first stage as is true also of the

habit. Comparing these figures with 3 and 4 there is a noteworthy change in

size; after casting off the first skin the crayfish measured 11 mm. from tip of

rostrum to end of telson, exclusive of the long fringe of plumose set:^ which
made the length 12 nun. if the setse were included, and so greatly enlarged the

area of telson available for locomotion. The thorax was 2 mm. wide and about

2.5 mm. deep. The cephalothorax was 6 mm. and the abdomen 5 mm. long;

the telson was 2 mm. wide without the set;e, and 4 nmi. with the sets. The an-

teniiM' were 10 mm. and the cheLu 8 mm. long. All these measurements were
tnken fi-om preserved material and show that the animal was now a large larva.
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Its brilliaut color added to its size made it an attractive larva resembling

a young lobster after the swimming stages. As indicated in black in the above

figures the pigment cells were scattered over the head thorax and abdomen and

more sparingly over the chehie, walking legs and basal parts of the antennse. To

the naked eye the larva walking on the bottom of a dish seems light flesh-color,

translucent and inconspicuous, but the chel» look red, the eyes are dark and

the yolk is still a very evident dark, red-black mass of bilobed form across the

middle of the head thorax. The liver lobes anterior and posterior to the yolk

were noticeably yellowish and greenish. The abdomen was flesh colored for the

most part, but the telson was nearly colorless and with a fringe of white, clear

setae so long as to suggest a peacock's tail. On the first abdominal somite the

densely crowded pigment formed a conspicuous cross-band (fig. 23). Another

such aggregation of jjigment was found posterior to the eye and external to

the base of the rostrum. In addition to the color due to the much branched

red pigment cells, indicated in black in figures 23 and 24, there soon

came to be a variable amount of blue color not so readily seen and due to large

blue pigment cells. In strong light the red pigment often stood forward on a back-

ground of blue. The blue was evident on the basal part of the antenna and

antenuule, on the mandible and its palp, but not on the maxillipeds. On the

dorsal side of both thorax and abdomen there were some blue, faint, scattered

areas internal to the red.

As shown in figures 23 and 24, the cephalothorax in passing from the first

to the second stage had become long, narrow, and angular with a long gothie

rostrum standing straight out in front between the eyes on a level with the

back. The rostrum also had large lateral spines at its base and half way out

its length.

In walking about these larvae carried the antenna? and the red chelae for-

ward and the abdomen straight out behind as in figure 23, and not bent in

under the thorax as in the first stage. However, when not walking the abdo-

men was bent as in figure 24. As iii a young lobster the slow walking was

quickly replaced, at alarm, by rapid backward swimming caused by flapping the

abdomen with its extensive telson fan. As the larvje went about more and more

away from the parent, thej'' became more individual and more complex in their

movements ; they were seen to scrape the backs of their heads with their legs,

to raise their chehe as if in defense when a shadow passed over them, and in

other ways to act like an adult crayfish much more than did the sluggish and

simple first larvae.

In watching one of these second larvae slowly walking, the movements of

the five long limbs seemed to be as follows. The fifth, fourth, and third limbs

standing out at the sides of the body (fig. 23), were so bent as to hold the

body high up above the bottom of the dish and swing back and forth as the



30 THE YOUNG OF THE CRAYFISHES ASTACUS AND CAMBARtTS

chief locomotor organs. The clieL-e were held iu readiness in front of the animal

and the second limbs (fig. 23) were bent inward under the body with the tip for-

ward so that in moving forward the body rode over these appendages as upon

levers with very little movement of the base of these appendages. The third

appendages always pointing forward swung from an angle of about 45° with

the side of the body to one of about 70°. The fourth limbs had a very long

swing from a forward position about 45° with the side of the body back past

90° with the side of the l)ody. The fifth limbs had a very short, hobbled,

movement like the third but always directed backward, from about 100° to

120° with the side of the body.

In taking \\p the appendages of the second larva, in secjuence (figs. 25 to

39) it will be noticed that the relative nakedness of the first larva has given

place to a hirsute condition, indicated in figures 23 and 24; set:? occur upon the

antennae, chelae, legs, pleoi)ods as well as the sides of the abdomen and, as the

separate sketches show, upon all the other appendages. The active second

larva has thus come into possession of sensory and locomotor seta; lacking in

the imperfect first stage, and similar to those of the adult stages.

The first antenna (fig. 25) still has the same general form as in the

first stage (fig. 6), it has five segments in exopodite and in endopodite but it is

noticeably more finished in being well armed with sets. The narrow part of

the proximal segment bears a sharp spine upon its inner side. The auditory

pit on the basal segment is now well guarded by a row of plumose set:^ pass-

ing from the outer edge inward and spread across the orifice of the pit. There

is also a row of sparsely branched plumes along this upper face of this segment

and parallel to its inner edge and in addition there are a few other seti^ ar-

ranged as in figure 25. The second and the third segments bear long plumose

setiB on their inner sides and long, stitf spine-like setse on the external sides of

their distal ends. The endopodite and the exopodite each bear a few long stiff

spine-lijce setae at the distal ends of their five segments and in addition the char-

acteristic blunt sense clubs of this appendage are now evident. These organs

are placed in groups upon the inner and lower faces of tlie tliird, fourth, and

fifth segTQents of the exopodite. The third segment has a cluster of three upon

its distal edge, the fourth has a group of two at its distal edge while the fifth

has a group of three at its middle part, where its diameter suddenly diminishes.

As all these sensory clubs face downward they are foreshortened in the above

figure and in reality are much longer than shown.

The second antenna (fig. 26) has increased greatly in length over its former

state (fig. 7). Its basal parts are more angular and the excretory cone on the

basal segment is relatively very much smaller while the spines of the second

segment are borne upon a large, scale-like protuberance. The exopodite scale

bears a row of long, plumose setae all along its outer edge while in the first
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stage there were only simple spines to anticipate some of these plumes. The

three large segments of the exopodite are more angnlar than before and now

bear a few set;B while the filament has some fifty-four segments of the form

and proportions shown in figure 26. As these bear needle-like set* on their dis-

tal edges the filament seems under a low magnification somewhat like a brush.

The mandible is not only greatly enlarged but more complex in having an

effective cutting edge no longer smooth but serrated by seven unequal angular

projections (fig. 27). The palp is more complex in having more numerous long,

acicular seta> both on the exterior and interior faces of its terminal seg-ment

and a very few sparsely-branched plumes on the distal part of its second seg-

ment. When folded down the palp fits into a deep depression on the inner

face of the mandible (fig. 28), and the proximal border of this depression is

irregularly dentated with rounded protuberances. The exbskeleton over these

dentations and over the sharp teeth of the cutting edge is now very thick and

horny, being solid as far back as the second line in figure 28. Wliile the

acicular setie over the terminal segment of the palp appear smooth under Zeiss

2 A, they are really set with short, fine, side branches along their distal halves

as seen with 2 D, and they have rather blunt i^oints so that they would seem to

aid in a brush-like use of the palp.

The first maxilla (fig. 29) has progressed beyond its former stage (fig. 9),

chiefly in the outgrowth of long seta? in place of blunt spines and also in the

addition of set* where there were no outgrowths at all. The seta; are of two

kinds, a few plumose and many acicular; the latter are found chiefly on the ends

of the two plates of the protopodite where they replace simple spines, while the

plumes are chiefly lateral. On the basal, or first segment, however, there is some-

what of a transition, since its proximal border is set with sets that extend out

to the tip as very long and sparsely branched plumes that thus extend close up

to the acicular set^e. These latter under 4 D are seen to be set with very few

and fine side branches so that they are really somewhat plumose. The similarly

placed acicular seta^ upon the second segment, however, show no side branches

but are really smooth. The small tuft of seta^ already present in the first

stage at the base of the endopodite remains but little changed in the second

stage.

The second maxilla has undergone like changes (fig. 30). The terminal

spines of the first stage (fig. 10) are replaced by plumose seta; and a few more

long plumes are added. Here again the plumose seta; of the proximal edge of

the first segment extend out as far as the acicular seta; of the apex. The

endopodite has a few long plumose seta; on its distal part in addition to the

cluster at its base. The scaphoguathite is but little changed, the seta; along its

outer edge being so bent down that they do not show their full length in the

view represented in figure 30. However, at the posterior tip of this respiratory
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organ there is a peculiar growth of one or two seta*. These are very long and

though appearing quite smooth and hair-like, with 2 I), they are seen to be really

set with short, fine side bristles, and they are sharp pointed. On the inner faces

of the four lobes of the protopodite there are now many long, sharp, curved,

setae.

In the first maxilliped (fig. 31) the process of substituting phuues and acic-

uhir set.T for spines has lieen carried on in the same general way. The cut-

ting edges of the protopodite now bristle with set;p most of which are simple,

some straight, some with curved tijis ; but the tendency to run the plumose setas

up to the tip of the basal segment is carried so far that these plumes take

entire possession of this basal segment and only the second segment has acic-

ular setae. Even on the second segment a few plumes come uji nearly to the tip,

on the distal side. The endopodite bears but a few plumose setae while the

long exopodite has in addition to the former series of plumes along the outer

edge of the basal part (fig. 11) several remarkably long and conspicuous

plumes near its tip. The terminal part of the exopodite is cylindrical and tends

to become segmented and it is from its last and its ]ienultimate segments that

the long plumes project and form a terminal brush. The flat epipodite scale

has still a few minute, blunt papillae along its posterior edge (figs. 31, 11), and

on its outer and inner edges a few of the remarkable exoskeletal hooks char-

acteristic of these organs.

The second maxilliped (fig. 32) has changed chiefly in adding plumes and

setae. The gills remain as before (fig. 12) but are longer. The protopodite has

added longer and more numerous plumose setae and a very few acicular ones.

The exopodite has substituted for its few terminal spines a brush of several

remarkably long, strong plumes (fig. 32), and for the sparse spines along the

outer edge of its basal segment a few setae which proximally are sparsely

plumed and distally smooth without barbs. The endopodite looks much changed

owing to the development of many long and stout acicular setae over its terminal

parts and inner edges. The setae of the endopodite are smooth as seen with

2 A, but with 2 D some five or six on the inner face of the second segment

and again on the distal edge of the fourth segment are finely barbed. In the

latter position two at the corner toward the exopodite have their fine lateral

branches flattened like saw teeth, so that they resemble the cleansing setae upon

the penultimate segment of the fifth leg of the adult, elsewhere described

(Andrews, '01). The fifth, or terminal segment of the endopodite, is armed

with long, smooth, stout, spine-like setae, with blunt points.

The third maxilliped has added but few plumes but many very long acic-

ular setae (figs. 33, 13). The plumes are a noticeable bunch at the tip of the

exopodite and a few on its basal part, as well as very few on the protopodite

and an increased number at the base of the epipodite. The gill region is now
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for the first time provided with the phenomenally long hair-like coxopoditic

setfe found in the adult and in all but the first larval stages on this and all

the following thoracic somites. As seen in figure 33, these setae arise external

to the exopodite and add a conspicuous element to the appendages as they are

longer than the entire exopodite and coil about like stiff wires. The endopodite

bristles with exceedingly long, sharp needle-like setae and has no real plumes

whatever, though with 2 D it was evident that some of the longest needles on

the terminal segment were very finely barbed. On the anterior, and inner,

face of that segment there were also numerous stout setaB with flat saw-teeth

like those above described, on the corner of the penultimate segment of the

endopodite of the second maxilliped.

The chela (fig. 34) has greatly increased in size, as shown in comparing

with fig. 14, and now has simple aeicular set* scattered over it but no plumose

seta^. The terminal claw is no longer used as a holdfast and has no longer

recurved tips. Henceforth of use as a cutting shears it now bears a large tooth

on each blade as well as the rows of spines formerly present. At the ))ase of

the appendage the gills have increased in size and there is a long tuft of coxo-

podite setiP, which, however, are short in proportion to the enormous endopo-

dite.

The four walking legs (figs. 35, 36, 37, 38) though much larger than in the

first stage (figs. 15, 16, 17, 18) have not increased as much as have the chelae

and they retain their relative proportions and sizes. Like the clielaj they now

bristle with aeicular seta; and show no plumose seta;. However, at the distal

edge of the penultimate segment of the fourth and of the fifth legs (figs. 37, 38)

there are a few of the saw-like "cleansing setie" previously referred to as oc-

curring in the adult. The gills have changed only in size; the coxopodite setie

are very long threads, but only few in number and on the last leg reduced to

one.

The branchial formula in the second stage was thus just like that above

given for the first stage.

On the abdomen of the second stage there were still but four pairs of ple-

opods since the first were not yet formed and the sixth still remained inside of

the telson. But each pleopod was now so well provided with plumose setae

that the appendage simulated a locomotor organ. The larvae also now had the

adult habit of swinging the pleopods back and forth and so producing currents

in the water which may well be of aid in respiration as they would change the

water supplied to the inhalent openings of the gill chambers. Each pleopod

(fig. 39) had grown greatly in length as compared with its first appearance

(fig. 19) ; the long plumose setfE arose from the distal parts of the exopodite

and endopodite and resembled the plumes upon the exopodites of the maxillipeds

(figs. 3], 32, 33). The exopodite was still the longer and the endopodite the
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shorter of the two flat lobes that bear seta? so that the adult relationship in

size of these parts was not yet arrived at.

'While the telsou of the first larva was nearly circular, in the second it was

swollen laterally (fig. 2.3), and became thus transversely elongated since the

sixth pleopods had now grown within it as very large lateral masses. The

posterior edge of the telson was somewhat incised on the median plane and

thus recalled the eai-ly bilobed condition round in the embryo some days he-

fore hatching.

Tlie long plumose setae of the telson (fig. 23) that aid the larva in swim-

ming are the expanded products of the radiating glands seen within the telson

of the first stage (fig. 20).

Thus i^rovided with effective swimming setae and more numerous sensory

setse the second stage larva gradually depends less and less upon its mother

and finally leaves her altogether. After some eight to ten days these active

larv* cast off their shells and passed into a third stage.

The third larva was in the main very like the second but it had advanced

a very important step in freeing its sixth abdominal appendages which hence-

forth are not inside the telson, but lying by the side of it to make the effective

tail-fan that is used in rapid locomotion. Some hours before shedding the sec-

ond larva plainly showed the sixth pleopods as dark red, partly opaque masses

within the base of the telson and after shedding these appendages were ex-

panded as is shown in figures 40 and 42. As both the end of the telson and the

edges of these great flat sixth pleopods are set with plumose setae the combined

fringe of setie augments the surface used by the larva in escaping backward

by vigorous blows of the telson and sixth pleopods against the water.

The details of this effective and very large sixth pleopod which has been

forming slowly on each side within the base of the telson ever since the larva

came out of the egg, that is from some two to three weeks, are shown in figure

42, which shows the dorsal face of the left appendage of the sixth abdominal

somite. This appendage joins onto the sixth somite and lies by the side of the

telson as indicated in figure 40. The protopodite bears a prominent spine over

the base of the endopodite; the endopodite is armed with two spines near its

edge and the exopodite with five spines, along the edge of the two segments into

which it is divided, as in the adult, by a movable hinge. Scattered over the sur-

face are a few relatively short aeicular setae. It will be noted that the plumes

along the edges of both endopodite and exopodite are arranged to make a most

effective fan since those of the endopodite overlap some of those of the exopodite,

when, as in figure 42, the exopodite is not extended as far as possible away

from the median plane. At times the exopodite may be shut in under the endo|)-

odite like a part of a fan.

The real length of the terminal plumes is somewhat greater than shown in
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the figure since they are foi'eshortened there ; they do not stand ont in straight

continuation of the plane of the telson and sixth appendage but are curved

downward so that their tips tend to point forward under tlie animal. The

entire fan is thus somewhat concave on the ventral side and in life the larva

carries its abdomen with its tip close to the substi'atuni ui)on which it walks or

stands (fig. 41), and seen from above the fan is foreshortened. Both the habit

of carrying the fan inclined downward and the ciirved growth of the plumose

set* combine to make the fan a hollow scoop, which form would seem to be a

more efficient one for striking the water forwards and thus propelling the

animal backward. The forward bending of the setse by making it more difficult

for them to be forced back beyond the plane of the stiff parts of the fan would

seem to make them a more efficient addition to the striking surface.

The period of life in which the effective tail fan is formed by the libera-

tion of the sixth pleopods has hitherto remained unknown for the genus As-

tacus. Huxley ('80) says: "I imagine * * * that the appendages of the

sixth abdominal somite are at that time (during the first ecdysis) expanded,

but nothing is definitely known at present of these changes." Faxon ('8.5)

records that specimen of Astacus pallipes 11 mm. long and ten days old still

had the sixth pleopods enclosed within the telson and supposed that they would

be set free after the second or third moult. Other observations seem to be

lacking.

The telson seen foreshortened in the natural position figure 40, is seen in its

true proportions in figure 43. Prom the circular form of the first stage (fig. 20)

it has passed through the transversely elongated form of the second stage (fig.

23) to its present complex and angular form. By an imperfect transverse hinge

it is now divided into an angular anterior part and a rounded posterior part.

The fact that this transverse division of the telson does not show till the third

larval stage is of interest in connection with the fact that this seems one of the

recent acquisitions of the highest crayfish. In the lobsters and other marine

forms, as well as in all the crayfish of the Southern Hemisphere, the telson is

not at all divided and amongst the Potamobine or higher crayfish of the North-

ern Hemisphere the division of the telson is much more perfect in the highest

forms, such as Camharus affinis, less pronounced in some lower forms as Cam-

barus Clarkii and in Astacus leniusculus, which is doubtless less specialized than

Cambarus, the division of the telson in the adult is by no means a perfect one.

In figure 43 are shown groups of acicular set* symmetrically placed right

and left; the rounded, terminal lobe is the only part bearing plumose setae.

These plumes stand in a single row and on the right and the left begin ante-

riorly as short seta? followed by others that very soon are much longer and of

about constant length along the posterior border till near the median line when

there is a sudden falling off in length and one very short set;e ends the series.
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Just dorsal to this row of long plumes there is a row of much fewer and re-

latively short acicular seta>, shown in hlaek in figure 43. In the reentrant

angle between the two lobes of the telson, each side, there is a rounded spine

similar to the one formed on the sixth pleopod (fig. 42) where the basal lobe

of the exopodite joins the distal lobe.

Beyond this perfection of the locomotor apparatus of the alidomen the

third larva differs but slightly from the second though there are differences in

size, proportion, color and habits. Compai-ing figure 40 with figure 23 it is seen

that the abdomen is wider, the cephalothorax more cylindrical, the limbs stouter,

the entire aspect more heavy and crayfish-like.

The third larva is still sufficiently transparent to allow the heart to be

seen through the shell, luider the microscope, beating at about three times a

second ; the stomach and intestines also show dimly as dark areas.

The animal is not conspicuous upon sand or mud; its color is, as before,

light with fine, dark-red specks. The eyes are black and the chel« not red but

pink. The liver region is greenish but the dark yolk so long conspicuous has dis-

appeared with the perfection of sensory and locomotor oi-gans. Where

tlie lit'ail-tht)rax ends posteriorly there is a dark rim caused by concentration of

pigment cells there and the abdomen still has a dark ))and across the dorsal

side of the first somite. The region above the heart is quadrangular and very

pale in color. Back of each eye there is a dark longitudinal band. The groove

between the head and thorax dorsally is light and the pigment anterior to it

is more dense. Under the microscope the arborescent red pigment cells often

have a^ l)lue background and in some regions there are arborescent yellow cells

amongst the red ones.

The considerable increase in size in passing from the second to the thii'd

stage may be seen by comparing the measurement given above, page 28, with

the following. In third stage a larva measured 14 nun. from rostrum tip to

edge of telson and 15 mm. to end of plumose seta*. The antenna was 12 mm. and

the chela 10 nun. long. The width of the thorax was 3.5 mm. and its depth

4 mm. The telson was 2 mm. wide and the fan formed by it and the sixth pair

of pleopods 5 mm. without the plumose set;B, and 6 nun. with them. The length

of the head-thorax was 7 mm. and of the abdomen 7 mm.

In the third stage the larvae were active and voracious, walking and swim-

ming with ease and speed so that they were hard to catch. '\Anien kept to-

gether they soon lost chelfe in fight with one another and gi'eedily devoured their

dead fellows. When a piece of frog's muscle was put into a dish with these

larvae they seized as soon as they came into contact with it and holding the main

mass with their chelae and other claws dragged it backward while tearing off

fragments with their mouth appendages. Thus twenty-three to twenty-five

days after hatching larva^ in the third stage which had had no flesh food, unless
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it were the cheliB of other larv;t, possessed well developed responses iu the pres-

ence of fiesh food. When meat was put on green ooze on the bottom of small

aquaria containing such larvse they showed no sign of being aware of it till in

contact with it when they seized it ravenously with their mouth parts and then

holding the mass with their chelae jerked back like a dog tearing meat from a

bone, so strongly as to pull off mouthfuls. When frightened away from the

meat, which was then placed one-third of an inch to one side of its former posi-

tion in the ooze, the larva returned to the place where the meat had been and

seemed to masticate the ooze there and very slowly found the piece of meat

again as if through touch, taste, or smell and not at all by sight.

The pugnacity of the third larvit resulted in loss of limbs and specimens

with legs pulled off at the "breaking joints" and also rapidly regenerating

there were seen. Chantran stated that larvie of Astacus would regenerate lost

limbs in seventy days while the adult males required one and a half to two

years and the females three or four years.

Excepting the newly exi:)anded last abdominal appendages all of the append-

ages agreed with those of the second larva in most all details, but they were

larger. The first antenna, however, in place of the eight sense clubs of the

second stage, had eleven. These were placed as follows on the exopodite : four

in a group on the distal segment; three at the distal end and one upon the

middle of the under side of the penultimate segment; two at the distal end of

the antopenultimate segment and one at the distal end of the next segment. Just

as in the second stage the ear cavity was protected by a row of plumose setae

arching over it from its external border.

The long filament of the antenna was often broken near the tip but contained

from 60 to 65 segments and some few of the terminal ones were constricted

about the middle as if they might divide at the next moult.

The acicular setae of the filament were about one-half as long as the seg-

ment, from the distal ends of which they arose in whorls of five or six. To-

ward the tip of the filament these setae were nnich longer than in the second

larva.

The mandibles, maxillae, maxillipeds, chela?, and walking legs with their gills

and setae were the same as in the second stage except for increase of size.

Upon the abdomen the pleopods also were as in the second stage, except

in the case of the expanded sixth pair above described. As yet no appendages

were seen upon the first abdominal somite but as in this Astacus no ap-

pendages were found there in the adult female it may l)e that only female larvae

were examined. The four pleopods of the somite anterior to the sixth still had

the exopodite longer than the endopodite, as was also the case in the new sixth

pleopods (fig. 42). In the adult this relative size of exopodite and endopodite

is reversed in the abdominal organs that serve as secondary reproducti\'e organs.
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Thus in the male the first and the second somites bear the remarkable male

sperm conductors in Avhich the endopodites greatly exceed the exopodites

or else form the only part developed while in the four following jale-

opods the larval relation is not much changed in the adult, as the exopodite

is as large as the endopodite or, in the sixth pair, larger, and in all these four

the function is not sexual but locomotor, or perhaps respiratory. In the female

the same state is found in the sixth pair, the first pair are lacking, while the

four other pairs have the endopodite much longer than the exopodite and both

are used as reproductive organs, as supports for the eggs and larvip.

Some of the larvjB of the third stage were kept from May 18 to October 2,

and some of the moultings and increase in size noted, Init no details of the

gradual completion of adult structure were studied.

The fourth larval stage was reached by a moult after the larva had lived

in the third stage twelve to fourteen days and was a little over one month old.

The length then increased from 35 mm. to 17 mm. The color was no longer

bright Imt dull and inconspicuous, pale grey densely spotted with almost black

pigment and scarcely any flesh color though the tips of the chelte were pink.

There was a marked transverse band of bluish across the posterior edge of the

carapace and the abdomen was much lighter than the thorax.

The fourth stage had advanced beyond the third in one important par-

ticular since now for the first time the ai>pendages of the first abdominal somite

were seen in some specimens, which were probal)ly males. These pleopods, how-

ever, were as yet but very simple rounded knobs which projected from the

sternal ridge of the first somite downward and decidedly inward, toward one

another, and were about one-tenth of a millimeter long.

At the end of June when the larvae had been in the fourth stage about a

month they passed into a fifth stage which was nineteen millimeters long

and in color red-brown or in some cases decidedly bluish. Kept in running

water with water ])lants and tubifex for food and at a tem|)erature as high as

21.5° C, they climbed about actively \\])on the jijants or else remained buried

in the ooze.

From some of the larv;e left in a closed aquarium with algal ooze from June

1(5 to October 2, there remained one survivor five mouths and a week old that

measured 30 mm. in length, 6 mm. in width of thorax, 12 imn. in width of telson-

fan, and 2.") uuii. along the antenna. This crayfish having areas for the ends of

the oviducts upon the antepenultimate legs was a female, and it had no a])pend-

ages upon the first abdominal segment. The color was bright, finely speckled

over with brown; the legs lighter; the antenna' dark; the chelse purplish with

red and blue spots and there was still a blue transverse band across the iDOste-

rior edge of the thorax. The eyes were brown. The shell and flesh were still

translucent so that the intestine showed through the dorsal side of the abdomen.
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This larva buried itself in the ooze but was so active as to be caught with

difficulty. By October 20, it had shed and grown to a length of 34 mm., with

antenna 32 mm. long, so that with the food that had been given it it had

gained 4 mm. in length in eighteen days. This larva lived till February, 1905,

and died when nine months old.

Another lot of larva? kept in running water from July 16 to October 2, also

yielded l)ut one survivor which had increased from less than 26 mm. to 55 mm.
and had a telson-fan 25 mm. wide, thorax 13 mm. wide, and antenna 36 mm.
long. This fine young crayfish five months and a week old looked like the adult

and was a male with well formed male stylets upon its first abdominal somite.

The body was opaque and dark
;
greenish-blue and brown finely speckled ; the

legs lighter; the chelip with much blue and with the conspicuous fiesh-colored

area that the adult has at the angle of the claw. The i)osterior edge of the

carapace was dark ))lue and the antenna^ were bluish at the 1)ase fading to

l)rowiiish at the tip. The under side of the body was pale flesh-color, or color-

less with some clear blue.

A third lot of larvie, 13 mm. long on May 27, and in the third stage, were

kept in more favorable conditions, that is, running water in a large tank, with

mud, plants, and siiulight, and on October 2 there were six survivors. The

measurements of these larvir, five mouths and a week old are given in the table

below

:

Larva A B C D E F

Length 56 60 63 58 58? 52

Width 13 15 15 15 15 14

Antenna, length ... 51 52 52 50 55 45

Sex S 9 9 9 9 S

The males A and F had well formed male organs upon the first abdominal

somite while the four females had no appendages there, but the largest females

B and C had two blue spots upon that somite that suggested some connection

with a possible a]ipendage. The colors of these large young were those of

adults, and though all reared in the same tank they showed individual differ-

ences in : general color, some being more dark olive, others brown; in size and

color of the spot at the angle of the claw, which in one was reduced to a mere

light nodule and in others was a very large area; in color of under side of

claw which was dark or else bright flaming-red.

The eight young reared to an age of five months and one week thus

measured 30, 55, 56, 60, 63, 58, 58, 52 or an average of 54 mm.

Tabulating the facts above recorded as to the size and length of (hiration

of the larval stages as far as they were followed we find the following:
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Stage.
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nuinl)er of niuults 80 that there were six in the second summer, if hot. Finally

Steffenberg ('72) gave the lengths of the Astaens larvae in Sweden as 8.5 mm. at

hatching; 11 nnn. in the second stage; 13 mm. in the third stage; 15 mm. in the

fourth stage.

Asfacus leniusculus thus agrees closely with the Astacus of Sweden in the

length of the larva in the first, second, third, and fourth stages. As far

as the facts go it seems evident that Astacus leniusculus probably has mqre

larval stages than have been described for the first year young of the French

Astacus, but the differences are probalily due more to difference in food and

in temperature than to any innate differences in the species.

With this close agreement in larval life between the American and Euro-

pean Astacus and the demonstrated success of rearing in the laboratory the

large young from the eggs brought overland, the culture of the American As-

tacus should be as siiccessful when landertaken as has been crayfish culture in

Europe. As elsewhere remarked (Andrews, :06"; :06^) the introduction of

the western Astacus leniusculus into Eastern waters might not only prove of

economic value but also help to throw light upon the interesting problem of the

nature of the causes that have brought about the |3i'esent remarkable geograph-

ical distribution of crayfish. And the geographical distribution of crayfish is

intimately connected with the origin of species in this group.

Cambarus affinis.

As elsewhere described (Andrews, :04) this connnon crayfish of Maryland

and adjacent States lays its eggs in the spring, and the development of the

young can l^e followed in the laboratory. Preparatory to laying, the females

carefully cleanse the parts of their bodies to which the eggs are to be attached

and the eggs flow out of the oviducts into a mucous mass which covers the ple-

opods upon which, after some special "turning" movements of the female, the

eggs are found attached each by its own stalk (Andrews, :06).

The hatching young thus find themselves ui)on the abdomen of the parent

and here, as in Astacus, there are special contrivances which prolong the connec-

tion of parent and offspring for some time after hatching so that the attainment

of a free and independent existence is a slow and gradual process.

The special arrangements used in the attachment of the egg and of the larvjB

in the first and second stages form a series of interesting adjustments between

the adult and the next generation. These successive means of association of

mother and oft'spring will be described in what follows.

We will first consider the egg and the maternal appendages.

The eggs, while numerous, three to six hundred according to the size of the

female, are small, scarcely 1.5 mm. as compared with 2.5 mm. in Astacus len-

iusculus. Some few become fastened to seta^ upon the abdominal sterna but

4



42 THE YOUNG OF THE CRAYFISHES ASTACUS AND CAMBABUS

.

most are fastened to plumose hairs upon tlie pleopods of the second to

fifth somites inclusive, and some accoimt of these pleopods may be given here

in connection with questions as to how the eggs and larvae are attached to the

mother.

The posterior face of the fourth left pleopod of a female about to lay is

represented in figure 44. It will be noted that the endopodite is longer than

the, exopodite, and both bear a fringe of long plumose setie on their right and

left edges. The setiB are shorter toward the base of the exopodite and of the

endojiodite while on the protopodite there are but a few plumose setae in two

tufts upon the inner edge. The long set:e make of the pleoj^od a wide fan or

flat brush since the set:i3 lie close together and like the wing feathers of a l)ird

form a rather fiat firm expanse. The protopodite has a basal part containing

several calcified plates in a soft membrane, and a long segment that is well

calcified except for a triangular soft area toward its base on the posterior face.

The endopodite is made of two segments and the exopodite of one. The endopo-

dite and the exopodite are also somewhat annulated in appearance owing to

the grouping of the cement glands. The groups are opaque white and from each

side tend to rvm together across the posterior face. Distally they do not meet

but proximally they meet and make cross bands. Still farther toward the base

the glands cover the entire surface more and more completely. The non-gland-

ular areas are clear and not opaque, and in the figure are represented dark.

The anterior face differs from the posterior (fig. 44) in a greater de-

velopment of glands which formed transverse bands more nearly all the way to

the ti]). As so many of the glands are to the right and left near the setas, they

are well placed to smear their seci-etion over the seta?.

Toward the tips of the pleopods the exoskeleton is so translucent that with

Zeiss 2 D, the striation of the muscle fibers, the branched connective tissue

cells, granular blood corpuscles, and the polygonal gland cells may be seen.

The gland cells are about the diameter of a muscle fiber and larger than a

blood corpuscle.

In most eases the j)lumose sette spring from over the glands, and the base

of a seta is as thick as two gland cells. The set:e have a large central cavity

and a thick wall which is highly refractive and clear and is of unequal thick-

ness so that it projects into the cavity in lumps or waves, and gives the distal

part of the axis of the seta a somewhat segmented aspect. At the base each

seta is articulated to the exoskeleton, and its central cavity is constricted by a

clear refractive thickening of the wall that leaves very little communication be-

tween the cavity of the seta? and the cavity of the body.

The side branches of the seta spring out not only along its sides but also,

scatteringly, along its posterior face so that the ])lum()se seta is more like a

bottle briLsh than like a flat feather, ^\'hile the side branches generally make
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a wide augle with the main axis, toward the tip tliey become more nearly par-

allel with it and thus a fine terminal brush is formed by the main axis coming

gradually to an acute point in the midst of the surrounding side branches.

The eggs are fastened to these plumose hairs by a secretion that probably

comes out of the glands of the pleopods (Andrews, :0()-). They then look as in

figure 45, which represents the anterior face of a pleopod cut off in the afternoon

of April 18, 1905, from a female that had laid the night before. Most of the

pleopod is concealed by the eggs which are opaque yellow balls and very elastic.

The plumose setae are all bound together by a common cement or mass of glaire

so that the individual setiB are not seen. From this mass a clear, flat, glassy

band of material goes out to each egg. Upon separating the eggs these bands

are seen as clear, flat stalks, continuous at one end with the mass that binds the

setae together and at the other end with the envelope about the egg. While the

shorter bands are flat and wide the longer bands are more string-like and some

few are twisted. Though these stalks may cross one another and be more or

less intertwined they are not fastened to one another. As the set:e spring

chiefly from the side of the pleopod and the eggs are tied to the setse, the eggs

may be combed out, as it were, into groups on each side of the endopodite

and of the exopodite. Where the stalk joins the egg it is enlarged as a bell, or

tent, full of liquid and its edges are continuous with the outer layer of the egg

cai)sule.

Each egg had then its own separate stalk, though a very few exceptions

sliowed tAvo stalks connected with an egg at different points and with a com-

mon extension running over the surface of the egg from one stalk to the other.

Thus very firmly attached to the mother, the eggs are waved back and forth

by the mother who regulates the movements of the pleopods in accordance with

the oxygen supply in the water, and thus they slowly develop till they hatch.

The old egg cases and stalks still remain fast to the pleopods, and are of

use to the larva as a means of prolonging its life of dependence upon the

mother.

We will next describe' the way in which the first larva is connected with

the mother.

In hatching, the larva comes slowly out of the t'ii;^ capsule through a rent

along its back, in such a way as to draw out tiie legs and abdomen last of all as

represented in figure 8 in a previous paper (Andrews, :04). In fact the tip of

the abdomen remains inside the egg case long after the soft, helpless larva is

extruded and left dangling down into the water. And all these newly hatched

larvae would fall to the bottom were it not for a firm attachment of the tip of the

abdomen inside the egg case. As it is some time before the respiratory move-

ments become perfect, as the limbs only gradually acquire ability to move, and as

the body is globose and the creature cannot stand on its legs, the larva would
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prolnibly perish but for this temporary fastening of the abdomen that tides it

over the weak period till it can reach np and take hold of the egg stalk as in-

dicated in figure 9 of the above paper.

This attachment of the abdomen is the same ithenomenon found in Astacus

and is brought about by a telson thread ; but as the eggs and larva; of Cambarus

are so much smaller and as the tip of the abdomen remains inside the egg cap-

sule the facts are not so readily made out and in a previous notice (Andrews,

:04) the telson thread was spoken of as i)roceeding from the anal region, though

further study shows it to be fastened to glandular spines of the telson edge as

in Astacus.

In CanihdiH.^ nffiiris the tip of the abdomen is fastened by a short thread to

a frumi)led meml)rane which lies inside of the spheroidal egg case and is firmly

fixed to the egg case on the side near the stalk. The short thread and the

membrane together are comparable to the long membranous thread that in

Astacus allows the larva to hang far down from the egg case. For conven-

ience we will describe the two parts of the telson thread separately. The short

part fastened to the abdomen remains on larv;ie 48 hours old though then broken

off from the more membranous part inside the egg case. The short i)art may

be whipped up and down in the water like a lash when the larva flaps its abdo-

men (fig. 50).

At hatching, the telson (fig. 46) is a simple rounded, translucent lobe, with

minute spines on each side of the median plane, which formerly fastened it to

the telson thread. In this ventral view of a recently hatched larva the pleopods

of the fourth and fifth somites are seen free while the sixth somite has its pleo-

pods as lobes inside the telson on each side of the anus. The terminal part of

the telson is traversed by radiating lines which point to spines along the edge of

the telson. These lines are in reality rows of cells that are to make the

plumose set;i! of later larval stages and the rest of the translucent flat telson is

filled by a parenchymatous mass traversed by blood spaces in which float blood

corpuscles.

The telson thread arising from the edge of the telson is a flat band that is

readily twisted and shows a striation due to fine wrinkles of the stiff chitiu-like

material composing this very strong but thin and translucent membrane.

Twenty hours after hatching, the telson had changed form, become more

quadrangular and its terminal part was somewhat three lobed (fig. 47). And as

the spines to which the telson thread was attached were all on the middle lobe

it seemed as if the pull of the telson thread might have aided in making the

" middle region jirotrude as a lobe. At this time the cuticle of the larva was

separating from the body in preparation for the moult from the first to the sec-

ond stage.
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While the form of the telson is thus so different from that of Astacus (fig.

20), the mode of attachment of the telson thread is fundamentally the same.

Figure 48 shows the tip of the telson of a larva torn out of its shell just before

hatching; the thread is fastened to five or six spines on each side of the median

plane in the same way as in Astacus (fig. 21). Thus nearly the same number of

spines are specialized in Itoth crayfish for attachment of the thread though in

Cambarus affinis the entire numl)er of spines is much less and they are found

only on the ]iosterior part of the edge of the telson.

All the spines are glass clear, ice-like in refraction; the lateral ones are

bent toward the tip of the telson and the five or six specialized glandular spines

converge toward a center as shown in figure 48. The lateral spines toward the

posterior end tend to show blunt brushes and secreted lobes at their tips, and

thus form somewhat of a transition to the effective specialized spines.

These specialized central spines are much longer and thicker and bent,

often at right angles. Some are fused together by their blunt ends and all

seem to have flowed out at the tips as a mass which is now fibrous and which

l)in(ls all of them to each other and to the telson thread. They seem compar-

able to paste tubes which should squeeze out a myelin-like substance that could

coagulate as strong fibrils.

The appearances suggested that the rows of gland cells that later make the

plumose seta; of the later larva, had previously, in late embryonic life, secreted a

substance which oozed out of the hollow spines and set into a firm cement; but

these cells no doubt were also active in making the cuticular walls of the spines

themselves, and no sharp line seemed drawn between the substance of the

cuticular spines and the material that issued out of their tips. Both are pre-

sumably the same exoskeleton and made from ectoderm cells that later make

other exoskeletal secretions in the form of plumose seta?. In Astacus (fig. 21)

the distinction between spine and secretion was more evident, but in this Cam-

barus (fig. 48) the spines are so minute that details are not as readily seen.

While the mode of attachment of the telson thread to the telson is thus the

same in Astacus and in Cambarus, the thread itself differs in appearance in

the two crayfish, in the former being pulled out into a long thread, in the

latter being for the most part a wrinkled mass of membrane within the egg

case. AVhile in Astacus the thread is apparently a cast off embryonic skin, this

is by no means obvious in Cambarus and an interpretation of its meaning was

had only from the following facts. When an egg ready to hatch was scratched

with a needle the outer egg case came off and the larva popped out alive but

still enclosed in a thin spheroidal membrane. This membrane was firmly

fastened to the outer egg case by one small area towards which the legs con-

verged and which lay opposite the claws. When the egg case was pulled it re-

mained so fast to the membrane that both were drawn out of shai.e rather than
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separate. The part of the egg case attached to the membrane was often near to

the stalk of the egg case, which led one to infer that the attachment of egg case

and membrane and the making of the egg stalk might have some common

cause very early in the life of the egg, but no observations were made to de-

cide this. Left to itself a few minutes, such an embryo removed from the shell

burst the membrane without the aid of the egg ease. Its telson was fastened

by its special glandular spines to tiie inside of the membrane, and soon it

reached about with its claws and seized hold of the membrane. This bag-like

membrane was thus the same thing as the telson thread of normal hatching.

When dissected from an embryo this membrane was seen to be a bag fast to

the telson spines, but with no observed special envelopes for the limbs as would

be the ease were it a cast skin. Before hatching, the membrane was stretched

tightly all over the abdomen except where the two special groups of glandular

telson spines were, and there the membrane was raised up as two swellings,

one right and one left, much higher than the spines themselves. The space be-

tween the membrane and the spines was occupied by a mass of seemingly

liquid lumps which in some cases with 4 D showed a finely fibrous material

amongst the clear spines which, in places, extended out to the membrane like

a fibrous coagulum binding the spines to the membrane. On the median line

the membrane was close down against the telson so that the secreted masses

right and left seemed to have locally pushed the memltrane away from its

original connection with the telson.

This membrane was well developed in emijryos of stages J to Iv of Keich-

enbach but upon dissecting, these embryos dropped out of the membrane, as

the telson was then not yet fast to the membrane, though the membrane was

firmly fastened to the egg case near the stalk. In the early stage F there was

also a membrane over the body and this was loose over the slightly projecting,

small abdomen.

It seems probable that the telson tliread of Astacus, which is a cuticle

formed over the embryo when its limbs are well advanced and thus has tubular

outgrowths to cover the limbs, is represented in Cambarus by a telson thread

having the form of a sac-like membrane formed so early that the small limbs

receive no special envelopes. In both cases there is a special outgrowth to cover

the abdomen, but while in Astacus this is a long bag, in Cambarus it is scarcely

recognizable as a separate region.

In both, by some unknown process that is imagined to be associated with

fertilization phenomena, the membrane is made fast to the outer egg case, and in

both the membrane becomes fastened to the embryo by the activity of certain

telson glands. A diagram of Astacus would represent it as escaping from a

cuticle when hatching, a cuticle fastened to the egg case at one point, and near

that point fastened, inside, to the telson of the larva. A diagram of Cambarus
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would represent it as casting off a membrane at hatching which is fastened as

in Astacus but lacks the tubular coverings for the limbs. Here again the small

size of Cambarus may have led to misinterpretation of what is plain in As-

tacus.

Having described this temporary, mechanical association of parent and

young we will next consider the more active association that lasts during the

rest of the first larval period.

The larva?, supported for a time by the telson thread, soon established

a second connection with the mother by seizing hold of the egg case, the egg

stalk, or in many cases the matted pleopod setii^, with their cheke, and thus, for

a time, were fastened l)oth by the telson thread and by the chela'. While the

eggs himg loosely from the pleopod, figure 45, the young crayfish had the

habit of reaching in their chela? as far as possible amongst the egg stalks

and pulling themselves close to the pleopods so that they became densely

crowded together in a solid mass (fig. 52). In life this mass of young cover-

ing the pleopod is a curious sight suggesting mammalian yoimg crowding for

maternal milk. Each held itself close to the pleopod, and when disturbed

drew itself all the closer as if eager to remain. The part exposed to view is

chiefly the rounded head-thorax which is flesh-colored but is conspicuously

marked by the enclosed saddle-shaped dark yolk. Here and there the legs and

abdomen are seen in profile (fig. 52), but generally the abdomen and legs are

under the body, the abdomen being bent somewhat as in a brachyuran (fig. 50)

and a full dorsal view shows chiefly the simple head-thorax (fig. 49). The larva?

thus seem egg-like, inert and inactive.

The long-stalked egg cases stand out above the backs of the larvae as do also

a few belated eggs which may hatch some forty-eight hours after the rest ((ig.

52). By this time many of the larva? have broken the telson thread and when

disturbed make slight movements with their legs and flap the abdomen to which

is fastened, like a small handkerchief, the narrow telson end of the thread, while

the membranous sac remains within the egg case.

So closely do the larva? crowd together that only few of the pleopod seta?

can be seen. Figure 52 represents a case in which some of the larva' had been

removed.

While the color of the first larva is light flesh-color to the naked eye, under

the microscope the creature is clear, and colorless, except for the scattered,

arborescent, vermilion pigment cells over the carapace, abdomen, basal parts of

antennae and some few segments of the legs, and except for the reddish pig-

ment in the eyes and for the large red-brown yolk mass.

The shape of the larva when alive is retained very well in specimens killed

in Worcester's liquid, though in many other liquids the head-thorax swells and

is abnormallv glubose, while the brauchiostegites roll back and expose the gills.
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lu neither the dorsal nor the side view (figs. -1-9, 50) can the rostrum be well seen,

but in a front view (fig. 51 ) it is seen to be ])ointed, though so bent downward be-

tween the eyes as to be of no use as a protection.

The body is thus rounded and embryonic in proportion and lacks all the

angularities of adults or of active larvte.

With the clinging helpless state of the larvjeis associated a lack of ordinary

use of the antenna?. The second antenna^, which in larval and adult life of Crus-

tacea are carried out in front of the animal, are here folded down under the

thorax (fig. 50), between the right and left series of legs. This peculiar posi-

tion of the antenna? is not found in Astacus and here is brought about at the

time of hatching, for in the embryo these antenna? grow liackward along the

edge of the carapace external to the bases of the limbs. Soon after hatching the

legs get astride the antenna? and this apparently useless position of the antennse

is maintained during the rest of the life of the larva in its first stage.

This peculiar position of the antennne as well as the down bent rostrum

were observed in another species of Cambarus, C. nisticus by Faxon ('85);

and later Steele (:02) described the rostrum as bent down in C. gracilis and

in other species and the legs, antenna and abdomen of C. virilis as lying under

the thorax; thus it seems possible that the fii'st stage of Cambarus in general

differs from Astacus in these characteristics of the antenna.

The appendages of C. affinis in this first stage resemble those of Astacus

leniusculus in being without the setiB of later stages, but they differ not only in

being very much smaller but in being, in some cases, more simple. Thus the

first antenna (fig. 53) has only four segments in the endopodite and in the ex-

opodite in place of five, and the tip of the endopodite bears no sensory club.

The antenna (fig. 54) is remarkably short, as is seen on comparing that

figure with figure 7, and figure 50 with figure 3. The filament is bent back and

has but twenty-five segments, or about half as many as Astacus. In the adult

there may be 150 segments. Carried as it is imder the thorax it reaches only

to the beginning of the abdomen while in Astacus the antenna if in such a posi-

tion would reach about to the end of the abdomen when stretched out.

The mandible (fig. 55) has the same simple form as in Astacus (fig. 8).

The first maxilla (fig. 56) is like that of Astacus (fig. 9), but more simple

in lacking the few filose seta? and in having fewer spines.

The second maxilla (fig. 57) as in Astacus (fig. 10), has a row of plumose

setae along the entire edge of the scaphognathite and is elsewhere as simple.

The maxillipeds (figs. 58, 59, 60) represent in miniature the structure seen

in Astacus (figs. 11, 12, 13) with slight increase in smoothness due to the pres-

ence of fewer setae and spines. There are important simplifications, however, in

the gills which in some cases have Init half as many side filaments as in Astacus.

The chelae (figs. 61, 62) have the same recurved tips as in Astacns. Soon
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after hatching the larva opens its claws widely (fig. 50), and after some failures

fastens them to the egg stalk, or to the setiB of the mother's pleopods. Once

firmly locked in the hardened secretion that makes the egg stalks and binds the

setas together, these larval chelte remain fast during the first stage. And even

after the larva has escaped from its cuticle and passed into the second stage

the old cuticles are left firmly hung to the mother by the cast-off chelae

As in Astacus the chela has at first a cutting edge set with a row of few

and simple spines, but when the first larva is ready to moult, the loosening of

the cuticle reveals the fact that each spine will be replaced by one that is ser-

rated (fig. 62), owing to the presence of flat plates along the posterior face of

the new spines. In addition the second stage will have on its claw some spines

not represented in the first stage and also near the tijis of the claw some long,

simple seta; in place of the blunt spines there in the first stage. This figure

shows that the recurved tips will be abandoned in the second stage since

there are already formed tips that are but slightly curved hooks, to take the

place of former recurved tips, one of which was broken off in this specimen.

The chela 1)esides being so small and weak, is inferior to that of Astacus

in having its gills less developed, the anterior arthrobranch 1)eing very short

and simple and with but few side filaments.

In the four walking legs (figs. 63, 64, 65, 66), we find the same proportions

as in Astacus but the pleurobranchii« are absent and the arthrobranchijB are

more simple, especially the anterior ones.

The branchial formula for the first stage is thus the same as in the adult

and is as follows

:
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As in Astacus the abdomeu in the first stage of C. affinis, just as in some

other species of Cambarus studied by Faxon ('85), has only four pairs of evi-

dent pleopods. The sixth pair are but partly formed and enclosed within the tel-

son while the first pair exist here as minute buds readily overlooked and not

found in Astacus nor as yet described in other species of Cambarus. The four

e\'ident pleo]iods (fig. fi?) have equal exojiodites and endopodites in contrast to

the proportion found in Astacus (fig. 19). The beginnings of the first pair of

pleopods are but minute rounded elevations of the sternal ridge of the first

somite (as indicated in fig. 3; Andrews, :06), and contain a small mass of nu-

cleated epidermal cells. The appendages of the sixth somite are large internal

buds that cause the .side part of the telson to be very thick as they fill all its

interior on each side of the anus. As this region is very translucent each

pleoi)od can be seen to have a long outer and a short inner lobe (figs. 46, 47).

The first larva is in several ways more imperfect than the same stage in

Astacus, and as it lives inactive and fastened to the maternal pleopods it seems

l)ut an extension of the embryonic period in jireparation for the second stage,

and not at all a self supporting organism. The second stage is made way for

by the gradual loosening of the cuticle of the first stage, as above noted in case

of the claws of the chela', and by the addition within the old cuticle of the new

exoskeletal structure of the second stage. This was evident in the telson of a

larva twenty hours after hatching, where the old cuticle was raised up the length

of the old telson spines and new spines had grown out across this space to enter

the hollows of the old spines. Later, just before the moult, the space between the

old and new cuticle was twice the length of the old spines, which were still

fastened to the remnant of the telson thread, and the new spines still projected

across the space into the old hollow spines.

The moulting into the second stage took place after the first stage had lived

this dependent and preparatory life for about fortj^-eight hours and the larva

resulting had the form shown in figures 68 and 69. These second larva^ unlike

the second stage of Astacus did not gradually become separated from the

mother and live isolated, but remained again adhering to the pleopods till a

second moult brought them into the third stage which was the first free larval

form. Thus the pleopods were still covered with the crowded larva'. Figure

70 represents a i)leopod with only part of its load of second stage larva? as

many had been removed.

In the following description it will be shown that in the second lai-va also

there is a peculiar temporary mechanical connection of young and parent.

Each pleopod in life was covered as with a mass of animated jewels of

pink and garnet colors. The flesh-colored larva' were still strongly marked by

the yolk that remained in each as a garnet red mass of saddle-bag shape. No

longer firmly fixed by the chela^, the larva* soon reached about for firm objects to
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whicli to hold, or kicking their legs ahout, swinging their pleopods and flap-

ping their abdomens formed an animated restless mass (piite unlike the inert

one seen in the previous period. Thus active, though holding fast, the larvae

were no longer densely crowded in close to the pleopods as in the first stage (fig.

52), but loosely aggregated (fig. 70).

The old larval cases shrivelled and not readily recognizable as more than

crumpled membranes, still remained fast l)y their cheliB and the old egg cases

were yet fixed by their stalks to the maternal pleopods. Side by side on old

egg stalks were the pairs of living claws and the empty cuticles of old east off ,

claws. Thus the second larvoe lived amidst a mass of former envelopes,—the

ghost-like phantoms of their former selves and the rigid cradles of those selves.

• While many larvne holding fast to the pleopod hairs and to egg stalks tend

to pull themselves in close to the pleopod so that they become buried amongst

the egg stalks and empty cases, a few larv;T> at the periphery of the mass may

(hmgle free in the water, as in the lower right corner of figure 70. These are

larv» which have recently cast off the first cuticle and are still in a soft, help-

less condition. Before these larv* succeed in reaching up and seizing hold of

some part of tlie general mass they are in danger of falling to the bottom where

they might be lost, though when they are removed it is found that they can stand

and walk, with difficulty. However they seem strongly controlled by an instinct

to climb, crawling over one another in heaps when removed from the mother and

swimming only when thrown into Perenyi's liquid and possibly many would

eventually climb up onto the mother. At all events they are prevented from fall-

ing away from the mother by a fine thread which, as indicated in figure 70,

passes from the posterior end of the larva to the crumpled, cast-off cuticle

which still is firmly fixed to the mother. This thread may be called the anal

thread since it actually comes from the anus and not from the rim of the telson

as did the supporting thread of the first larva.

But before discussing this anal thread some general features of the second

larva may be considered. The abdomen is still carried l)ent down as seen in

figures 69 and 68, but the cephalothorax is more elongated and narrow than in

the first stage and ends in a sharp pointed toothed rostrum that projects out be-

tween the eyes and is only slightly bent down. The legs are longer and may now

be used for walking and the anteuniB stand out in front of the animal as if use-

ful feelers, in strong contrast to their apparently useless position in the first

larva (fig. 50). This increase in length and change of position of the antenna?

gives the mass of young in the second stage (fig. 70) a much more living aspect

than was possible in the first stage (fig. 52). The abdomen when straightened

out is seen to end still as a simple rounded telson (fig. 71) with the large sixth

pleopod still within it on each side the anus and with a terminal part that has

its middle lobe set off but slightly from the side lobes. The edge of the telson
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bears only simple spines as in the first stage (fig. 46), and these spines are not

divided into gronps (fig. 72), but all seem equally useless since none act as

glands and there is no telson thread formed in the second stage. The middle

lobe l)ears spines all along its edge, some sixteen on each side replacing the

fewer spines of the first stage (fig. 48). Passing in from each spine there is

still a radiating line of cells which is active in making the plumose setae which

we miss in this second stage but which will be expanded in the third stage.

ft is to the larva of the above structure that the anal thread is fastened

and this may now be considered in connection with this telson that has jiro-

gressed so little beyond its first form. As seen in figure 71, the anal threfid

was in life a clear narrow i-iblion running from the anus a distance greater

than the length of the telson to be fast to a crumpled mass which proved to be

tiie cast-off cuticle. This thread was fast at one end inside the intestine of the

larva and at the other was fast to the cast cuticle by being continuous with it

at the edge of the cast off anal opening. In fact the anal thread is nothing more

nor less than the old cuticular lining of the intestine of the first larva still con-

tiuuoTis witli the cast-ot¥ cuticle of the abdomen and not yet entirely loosened

from the intestine of the second lai'va. An examination of the recently shed

larva showed that the cuticle of the larva had become loose all over the body

and some distance into the intestine, but that farther in it still adhered to the

epithelial lining of the intestine.

When the larva has moulted, the old cuticle of the abdomen is found to be

telescoped and its old telson joined l)y a short cord to the new telson as shown

in figure 73 ; a. If the old cuticle is then pulled with forceps it does not break

loose but the thread comes out of the anus of the larva and is thus made longer,

as shown in figure 73 b, by a shortening and crum])ling of the intestine. There

is thus a posterior part of the intestine (y) in which the old cuticle is loose and

an anterior part (x) where it is still fast, the region ((/) being the first place

met with where the cuticle lining of the intestine does not pull away from the in-

testinal wall. Hence the region (y) is thrown into folds and the region (.r)

stretched and pulled bodily toward the anus when tension of the anal string

pulls the region (a) toward the anus. The anal thread is the loose lining of

the intestine as far as it is pulled out of the anus and while in origin a tubular

cuticle it is stretched out as a flat ribbon which seems made of clear wire-like

fibres, 1)ut in reality is only thrown into longitudinal folds due in part to the

longitudinal ridges which sections show are present in the intestine. In figure

74 is seen more enlarged the region of the intestine where the loosened cuticle

running up from the anus arrives at the region (a) where it is still fast to the

epithelial walls, as made out in preparations cleared in Bela ITaller's liquid.

Though actual ecdysis was not seen, it is evident that what happens in the

inoultiug of tilt' first lai'va to the second stage, is that the lining of the intestine
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for a (^ertaiii distance up from the auu.s, delays iu casting oft' its cuticle. The

animal bursting out of its head-thorax cuticle and freeing its limbs from their

cases would next pull its abdomen out of its old cuticle, l)ut the old cuticular

lining of the intestine remains firm where continuous with the outside cuticle at

the edges of the anus, and acts like a string tied to the old telson and to the inside

of the abdomen far up in the intestine. If the larva then droi)s out of its cuticle

and is too weak to seize hold of the old cuticle, or neighboring firm oljjects, it

will dangle suspended by the anal thread and the tension on this thread will

pull it out of the anus as far as possible. By puckering the posterior part of the

intestine and by dragging the anterior part of the intestine backward there is

thus drawn out of the anus an anal string which, however, is not as long as

the abdomen, by any means. The old telson being a stiff plate and the old

walls of the abdomen being elsewhere like the bellows of a camera, the pull

of the weight of the larva along the telson thread drags the old telson against

the cast-otf abdominal rings and telescopes the abdominal cuticle as if the front

board of a camera were pulled back against the bellows l)y a string inside. The

tendency of the telson string would be to turn the abdominal cuticle of the cast-

ofi case inside out as a hand holding fast to a sleeve would turn the sleeve

inside out when the arm was withdrawn, but the presence of a firm, board-like

telson at the bottom of the sleeve allows only a telescoping of the cuticle. By
this means the old abdominal walls are so shut \\\> that the free anal string

from the old anus to new anus is no longer inside the old abdomen, Ijut largely

free in the water, as indicated iu the diagram on page 54.

Soon after hatching, presumably, the cuticular lining of the intestine be-

comes loosened along the regions («) and (i) and then the anal thread is

pulled out from the intestine as is usual in moulting. In the meantime the larva

becomes strong enough to reach about and take hold of the old larval skin or

of other objects fastened to the pleopods and does not need the anal string as

a means of suiiitort.

By this delay iu the casting off of part of the cuticular lining of the in-

testine an advantage to the larva seems to result. Both in the first stage and in

the second stage the larva has a mechanical means of fixation to its mother

during the brief period wheu it is unable to use its claws for this jmrjiose.

Eeviewiug the life of the crayfish uj) to the third stage with the aid of a rude

diagram (page 54), with reference to the association of mother and offspring, we

have seen : the egg fastened to the pleopod setae by a material that hardens soon

after the egg is laid; the larva hung for awhile by its telson thread; then

holding by its claws as well as telson thread till the latter breaks when claws

alone hold it locked to the mother; then dangled loose as a helpless second

stage supported by an anal thread till able to take hold with its claws and cast off

the thread, that is, to finish the moulting; finally moulting again and as an active
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third larva living no longer mechanically hound to the mother, with whom it

gradually ceases to associate. The mechanical supports, the telson thread

and the anal thread, are left hanging with the egg stalks, egg eases and the other

part of the cast off membrane and cuticle; all fast to the pleopod setiB which

are bound together in a secreted mass. All this material soon disappears,

apparently being eaten up by the third larva before it leaves the mother to

hunt other food in wider fields.

^^^/ PL

ExPLAXAxriix (IK 1)iai;i;am.

PI. =|ileMpi;Hl iif laothor; PI. H= setw of pleopod; l=c-aHt cuticle of first larva; St.=e.u:K stalk;

Sh. = egg shell; M. = membrane inside shell; Tf = telson threail, which is broken; Af=anal thread;

= second stage on the mother's pleopods held by anal thread till the claws have taken hold.

Of the two threads which we here describe as mechanical means for pre-

serving the association of the mother and offspring and prolonging the ma-

ternal protection beyond the egg stage over larval periods that are especially

helpless and not self su])])orting, the first, the telson thread, is a secretion of

glands active before the larva hatches combined with an adherence of the larval

envelope to the egg shell that was determined very early in embryonic life.

The second thread, the anal thread, is a much more simi)le and temjiorary

attacihment brought about >)y a delay in casting off the cuticular lining of the

intestine and thus utilizing what is cast off as a means of keeping the larva

fastened to its old cuticle till the claws can lay hold of some firm object.

When the second larva finally becomes fastened by its claws it remains

some six days in a condition of little activity. It is dependent upon the mother

for physical support though in a state intermediate between the invariably

fixed iirst larva and the wandering third larva. The shape of the claws (fig.

84) shows that they would not become as firmly locked as did the claws of the

first larva (figs. 61, 62), though they might stick firmly into soft material.
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When larvae in the second stage were put into Kleieuberg's picrosulphuric they

flapped their abdomens for some minutes but did not loosen their claws from the

pleopod of the mother; when put into aleoliol, however, they dropped off, and

when into Worcester's liquid they all broke loose and fell to the bottom

where they lay kicking their legs for some time as they were not so readily

killed as were the third larvse.

The second larva lives much as did the first larva and in structure is very

like it l)ut it differs not only in the above mentioned characteristics of the telson

and mode of fixation to the parent but also in the size, proportions, and amount
of armament with setai of some of the appendages as will be seen when the

nineteen pairs of appendages are taken up in sequence.

The first antenna (fig. 76) has grown much longer than it was in the first

stage (fig. 53), and the basal segment of the exopodite has divided into two so

that there are now five in place of four segments. And as the figure shows

there are now a few seta? upon endopodite, exopodite, and protopodite and of

these there are five blunt sensory clubs on the inner face of the exopodite. Two
of these are close together on the distal end of the fourth segment, two are close

together on the swollen basal half of the fifth and the remaining one stands

alone on the narrow terminal half of same segment. The ear is still a

simple deep pit without as yet any set;c along its edges but with only seven or

eight spines or teeth seen with 2 D along its external edge where the second

stage of Astacus has plumose setse.

The second antenna (fig. 77) has greatly grown in length and in ])erfection

of form and as above noted (fig. 69) is no longer carried in the remarkable

position it occupied in the first stage (fig. 50). Yet while in a position to be of

use as a sense organ the antenna is still markedly lacking in setae: the exopodite

scale bears only a row of few spines and the long endopodite bears but a few

acicular setae toward its tip. With its increase in length there has been also an

increase in number of segments in the filament which has now 36 beyond the

three large 1>asal segments in place of the 22 of the first larva.

The mandible (fig. 78) has added a row of small acicular setae along the

medial face of the end segment of the palpus, and developed sharp teeth along

the heavy cutting edge of its base. When the palpus is folded down into the hol-

lowed face of the mandible two teeth are dorsal and five ventral to the tip of

the palpus.

The first maxilla (fig. 79) has changed 1)ut little, Init its spines are longer

and sharper and it has developed a few, minute, acicular setae.

This stationary state is still more pronounced in the case of the second

maxilla (fig. 80), which has only grown sharp seta» in place of the blunt termi-

nal spines. The changes in the first maxilliped are also the development of

setie in place of spines and the addition of a few seta- (fig. 81).
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lu this seeoiul maxilliped (fig. 82) this substitution and addition of sette is

more pronounced but there is a noticeable retrogression in the gill which is

more simple, no longer having any lateral filaments.

The third maxilliped (fig. 83) again, as compared with the first stage (fig.

(iO), has (|uite long acicular setie in place of blunt spines, and a few sparsely

plumose setje, noticeably a group at the tip of the exopodite. While the pos-

terior gill is longer the anterior is here also somewhat reduced.

The chela now used as before for clinging to the mother has its tips some-

what recurved (fig. 84), but they are much straighter than in the more firmly

fixed first stage (fig. 61). There are added a few acicular set;e and the claw

is more like the adult in the development of rasp-like spines along its edges

in i)lace of the simple si^ines of the first stage which, as seen in figure 62, were

being replaced during the first stage by the toothed spines of the second stage.

The four walking legs (figs. 85, 86, 87, 88) have changed chiefly in the ad-

dition of a few terminal set:B and of a few exopodite, thread-like set;e.

The branchial formula is thus the same in the second as in the first stage.

On the abdomen the four functional pairs of pleopods (fig. 89) are now long

and slender but very simple and not yet fringed with seta^, though the spinules

on the edges of the exopodite and endopodite are more numerous than in the

first stage.

The appendages of the first abdominal somite exist as yet only in the form

of minute round knobs (fig. -4; Andrews, :06), but slightly larger than in the first

stage. The appendages of the sixth somite are still within the telson (fig. 71).

"When the larva is nearly ready to moult into a third stage these pleopods make

the telson protrude laterally more than in the above figure through the sub-

stance of the telson, allowing one to see the form both of the pleopods and their

set;?. AVhen they are expanded, at moulting into the third stage, these pleopods

have the appearance shown in figure 90.

The second larva remained fastened to the mother for six days, appar-

ently eating nothing, and as the yolk-mass gradually diminished it seems

prol)able that the larva still subsisted upon the original supply of energy

taken from the ovary as yolk. Before the moult into the third stage the gas-

troliths became (luite conspicuous as blue areas showing through the body on

each side of the stomach.

The actual moult occupied l)ut a few minutes and as usual the head-thorax

came out of the old shell first, then the legs were withdrawn from their cases and

finally a few flaps of the abdomen freed the larva completely. There being no

telson or anal thread this time, the larva at once left its old cuticle and climbed

uiion the pleopod of the mother. The increased strength and size of the larva

with the perfection of its limbs and caudal-fan would make the danger of being

lost on falling away from the egg much less than it was in the preceding stages
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as the larva was uow well able to follow its strong instinct to crawl upward

and so recover its position on the mother, or, failing that, to live independ-

ently, as it soon did.

In the following description of the third larva we will emphasize its man-

ner of association with the parent.

In general form the young crayfish in this third stage (figs. 90, 91) is now

for the first time like the adult, yet the great size of the eyes and of the ex-

opodite scales of the antenna together with the very wide expanse of the tail

fan and its long swimming plumes give the larva the aspect of a pelagic larva

or of the adult of some lower form of marine decapod. In fact the ability to

swim freely in great leaps which the third larva soon exercises and the trans-

lucency of the body together with the big eyes and long antennte and very

slender long legs and chel;^ make the larva seem much like a small shrimp.

The rostrum is now directed straight forward and is armed with large

lateral spines that exaggerate the gothic style of the adult. All the appendages

are now jirovided with long setie which make them sjmrsely hirsute as seen

under the microscope, l)ut only on the exopodite scale of the antenna and upon

the telson and sixth pleopods are the set« set in rows that suggest a locomotor

function. The use of the row of plumes on the scale of the antenna is not

obvious but the long plumes all along the edge of the telson fan seem to add to

its area effective in locomotion.

The animal was still translucent and within it the liver showed as a narrow

green band external to the large mandibular muscle, extending forward a short

distance and backward nearly to meet its fellow in the region of the heart.

The sixth pleopods were now no longer inside the telson and the telson

had become specialized as in the adult into an anterior and posterior part

separated by a distinct movable hinge. Through the clear dorral exoskeleton

was seen the anus and a large mass of muscle on each side in the anterior

region and in the posterior part of the telson the old radiating glands, which

had eventually perfected the long seta} that a high power showed to be plumose.

The pigment cells represented by dark dots in figures 90 and 91, had be-

come more numerous than before but were still chiefly arborescent red cells,

though in many regions there were large blue cells not represented in the above

figures though they now altered the ground tone of the animals. Posterior to

the eyes the crowded pigment cells formed a streak along the base of the lateral

spines and more to the rear a rounded area over the attachment of the great

mandibular muscle. This round area on each side was especially conspicuous

from the dense crowding there of blue pigment mixed with red. The dark

aggregation of pigment cells across the anterior edge of the abdomen still re-

mained. The yolk area and its color were quite gone and on each side of

the stomach a blue area indicated the gastrolith. Owing to the fineness of the

5
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network of ijigment cells ou the tips of the chela- these areas appear couspic-

iiously dark red.

AVhile the young in the third stage still remained on the mother for a while,

they were free to move about and soon became more and more independent. A

few hours after moulting some of the young were found walking about on the

bottom of the aquarium. AVlien disturbed they leaped backward and upward

several inches by strong strokes of the abdomen and looked not unlike shrimp,

while, when they walked, their habit of holding the anterior part of the body

high up in the water as well as the attitude of the slender chehe gave them

the alert, nervous look of shrimp-like creatures and made them look very unlike

the adult.

The young climbed about on the pleopods of the mother, over her side and

hack, upon her mouth parts and eyes and, though at first densely crowded under

the abdomen of the mother, more and more frequently they walked off to

greater distances, always returning to the abdomen if possible. The same

larvae that at times left the mother in the water, clung fast to her when she

was lifted out of the water. But by violently shaking the mother in the water

all the young could be shaken off. When two days after moulting into the third

stage some sixty lar\-a' were thus shaken off and left in the same dish with her

all but twelve had returned to the mother's pleopods in twenty minutes. As

many as a hundred young were seen walking about the aquarium and climljing

up onto water plants for a time and later all but a few had returned to the

mother.

At first, however, the young did not wander far from the mother and when

in a darkened a(iuariuiu the mother stayed in one spot for two hours the small

f:ecal casts of the young over the bottom of the acpuirium were almost all very

near to the mother.

Tn about a week this association of mother and offspring was gradually

given up and more and more of the young failed to return to the mother.

In nature it is possible that the mother and young separate quite soon,

especially if the mother wanders about, but as yet nothing is known of the

natural life of this crayfish when carrying the young. It may be that the

female then lives in holes or cavities and then the young might long remain

with her. In captivity the females with eggs will dig holes in the mud and live

in them as long as the water is well aerated, but come out when the water is

not running. When kept in a small dish the female had no chance to escape

from the young and in some cases some of the young remained with the mother

and crawled over her three weeks and three days after leaving the egg, but

when such females were put into a large tank they walked away and hid them

selves, leaving the voung scattered about.
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Possibly the restricted artitieial conditions both prolonged the duration of

association of mother and young and lessened the variety of external stimuli

so that there was a certain amount of domestication. By close confinement

and by sui)i)ly of abundant food to be given the mother antl young without

effort on their part, it would appear possible to make of tlie crayfish a domes-

ticated animal with a more prolonged association of mother and offspring. Such

experiments would build upon the ground that the crayfish is preeminently a

creature in which embryonic life has been continued on as a series of stages,

ancestrally free, but now dependent upon the mother and with special organs to

ensure that dependence.

The young that came down from the pleopods took food and eagerly de-

voured fragments let loose from the mouth parts of the mother when she was

feeding. At such times the young climbing on the mouth parts of the mother

seemed in danger from those rapidly vibrating appendages but always seemed

to be shoved aside and not devoured. When a couple of tubifex were put into

the water and seized by a female, the young also took hold and either car-

ried off pieces or continued to hold on while the worm was being dragged into

the mouth of the female. Thus the young were drawn u]) with the food to the

mouth of the female, but when between the maxillipeds the young leaped away

and none seemed to be injured.

The accompanying illustrations (figs. 92 and 93), being from photographs

of living crayfish in water but poorly represent the pinkish mass of active

larvjB crowding under the abdomen of the mother or the separate young climb-

ing over the back of the mother or walking about in the dish. They serve, how-

ever, to show the crouching attitude of the mother, the size of the young in this

third stage and the general character of this active dependence of young upon

mother which was long since admired by Koesel von Eosenhof (1775), and might

be likened to the clustering of hen and chicks or of sow and pigs. Roesel von

Rosenhof 's statements regarding the association of the young and parent As-

tacus are as follows :

"Wenn die Mutter dieser kleinen Krebse, nachdem selbige sich zu bewegen

angefangen, zuweilen bei ihrem Futter stiUe, oder sonst ruhig sitzet, so be-

geben sich solche von ihr etwas weg und Kriechen um zie herum; merken sie

aber nur im geringsten etwas feindliches, oder sonst eiue ungewonliche Bewe-

gung im Wasser, so scheinet es, als ob sie die Mutter, sich zuruck zu begeben,

(lurch ein Zeichen erinnerte; indem sie allezusammen geschwind unter den

Schwanz zuruck fahren, und sich wieder auf einen Klumpen zusamensetzen,

worauf sich die Mutter sammt selbigen mit mogligster Eilfortigkeit, in Sicher-

heit begiebt, welche sie aber etliche Tage darauf, nach und nach verlassen."

The suggestion of a possible signal to recall the young raises the question

as to the nature of the means by which the young associate with the i-arent.
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The iuterrelatiou of uiother and yoiiug in tlie crayfisli would seem a profit-

able field for study of comparative family life and the following few facts sug-

gest lines of inquiry.

It is not evident that the mother gets any advantage from the clinging of

the young to her body, though if in the third stage they eat off the old egg stalks

and cases, the cleansing of the pleopods so caused might satisfy in the mother

something akin to whatever it may be that causes her to laboriously cleanse that

region just Itefore the eggs are laid; but .judging from the long endurance

of the load of eggs and larvte and from the frequency of dirt and parasites

upon the pleopods it seems hardly ]n-obable that the female would feel an in-

stinct gratified when the pleopods are clean again. That the female is at all

conscious of the presence of the larv?e remains to be found out l>y evidence not

yet at hand; however, when a lot of young were ]>ut into a dish with a male

and they climbed over him he cleaned them off from his abdomen and seemed

to l)e annoyed by their climbing over his head, l)ut when the same young were

put with a large female that had reared her own young long cTiough and natur-

ally separated from them some weeks before, they climbed up onto her without

her showing any evident sign of being affected by their presence upon her

chelfp, thorax and abdomen. When a female was feeding and the young climbed

upon her chehe she did not seem aware of them but reacted eagerly to a tubifex

near her chehv. Whether, then, the young are sim])l>- folei-ated, [as are the

small parasitic leeches over the body of crayfish,] as a continuation of the eggs

that are part of the body, or whether the females have special responses

to stimuli given l)y the yoimg is not known, but the former seems not improb-

able.

The young, on the other hand, act as if they were strongly affected by the

mother luit this may be due to a few simple reflexes and without any complex

visual or other conception of the mother's existence. At all events there is

no evidence that the young distinguish one female from another and when two

mothers were in the same dish some young of one climbed up onto the other.

Even when the young shaken oft" a female when they were in the third stage

were put in a dish with a female carrying her young in the second stage they

climbed \\\) amongst the younger larva' of the strange female and seemed con-

tent. When the young were shaken off two females in separate dishes and the

females exchanged, the young climbed up onto the strange females; in a few min-

utes all but three were upon one female and all but seven or eight upon the other

though she was moving about. Some young C. affinis in the second stage were

taken oft" from the mother and put with some young of C. Diogenes of the sec-

ond stage also removed from the mother and all were then put into a dish with

another fenude C. Diogenes bearing young in the second stage. All the young

got upon (he I'dstcr mother and continued there, though the C. affinis were
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scarcely more than one-half the length of the other larvif. The young that are

shaken off dart, swimming, about in the water but soon settle to the bottom and

climb up upon one another in heaps or try to climb \^^ at the corners of the

dish and upon water plants.

The tendency to climb onto the muther is very sti-ong so that wiien a

female walks along swinging her pleopods laden with young she often gathers

up free young that are walking about, as these when touched by a pleopod

may not spring away but turn and climb onto the mass. In fact early in the

third stage a larva that fell to the bottom, apparently for the iirst time, stood

with head end elevated and quickly responded to the presence of a passing

pleopod. Even if lying upon their backs they quickly seize and mount the pU^o-

pod of a passing female. A piece of white cheese-cloth, however, did not appear

to stimulate them to climb upon it and when a luni]) of rough cement, a model

of a toad, was left in the aquarium very few got on it, most of them preferring

the mother.

Possibly the young receive chemical stimulus fi-om the motlier that aids

them in returning to her. That they i-esponded to some chemical stimuli is

most probabk' and the following facts may be interpreted on this basis. AVlien

the mother feeds, the young gather under her mouth and even after the food

is gone they remain as if excited by chemical substances coming from the

mouth parts of the female. It was also found that while the young climl) onto

a dead female and even over the exposed surface of the freshly broken abdo-

men, after some days they remain on tlie rest of the surface but not upon the

broken surface where cliemical substances due to decay probably existed.

During the time the larva? in the third stage associate with the parent the

large collections of old egg shells and skins on the pleopods disappear and

are probably eaten up by the larv« since their intestines contain minute seta?

that might come from their old cuticle and since in Astacus, Ghantran (71)

found that the larva? eat their shells and cast off cuticles. It is therefore possible

that one reason the young remain with the mother is that this food supply on

the abdomen acts as a stimulus to them.

However, along with whatever chemotactic movements there may be, there

are other factors concerned in the association of the young with the female as

indicated by the few following experiments, which tend to show that the

yoimg are controlled in part by responses to light and to gravitation and con-

tact. Thus when a small paste-board table was put under the water the young

collected on the under side of the horizontal i)aste-board and remained stand-

ing upon it, in an inverted position. When the paste-board was then turned up-

side down the young scattered in a few minutes so that half were off the i)aste-

board and some were under it in its new position. In crawling under such a table

the young reared up and seemed to be trying to reach it above their beads as if
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influenced by it before they touched it. When a small glass table was used the

j^oung also collected under it and reached up as if trying to climb up to it.

When dark paste-board was laid on part of the glass, above, twenty-two larva^

had collected under that part of the table shaded by the paste-board, in two

hours, and none under the clear part.

It may be imagined from these indications that the larv» in the third stage

have a tendency to climb ujiward due to negative geotactic responses, that they

l)refer the shade as being photophobic and that they come to rest standing upon

a solid object as being thigmotactic. Assuming some such responses together

with some chemotactic phenomena, possil)ly all the habits of the young in refer-

ence to the mother may be explained; possibly not.

The association of the young and the mother, however brought about,

endures in ('(iiulxinis (iffiHis during two larval stages and a part of a third. In

Astaciis leniusculus, however, it is the second and not the third stage which

gives up the association with the mother. Whether this is a generic difference

cannot be determined without extensive observations, as almost no data are yet

at hand. That Cambarus in general have three dependent stages seems prob-

able from the following few facts that have been recorded.

Faxon ('85) saw specimens of C. ('/(/rA/J 7 mm. long upon the abdomen of

the mother (as i)reviously recorded by Ilagen, '70), in which the tail-fan was

perfect so that with the ability to lead a free existence there was still the habit of

associating with the mother. In C. affinis lavva^ in the first stage are 4 mm., in

the second 5 mm., and in the third 7-8 mm. long, and it seems probable that the

above recorded C. Clnrkii were also in a third stage. The same author saw

upon the mother C f/rdciUs 9 mm. and C. Baiioiiii 10 mm. long, with perfect

tail fan. These two species may well have three stages of association as in C.

affinis. Also he records C. rustkiis just hatched and 4 nnn. long as being so

embryonic that we may assume they would remain with the mother as long as

C. affinis does. On the other hand Steele ( :02), who first observed the living

larvEe of Cambarus associated with the mother, records C. gracilis 7 to 8 mm.
long with a l)ent rostrum as if in the first stage though so large. And in a more

detailed study of C. virilis she describes the first stage and then a second stage

nine days old with the tail fan complete and other features of the third stage

of C. affinis, but as she says the larva six days old could swim it seems prob-

able that in both these species as in C. affinis there are three stages in the

period of association, the second of which is easily overlooked.

There is then no obstacle to assuming that we may expect to find in Cam-

barus that the larva' remain with the mother through a first, a second and part

of a third lai'val stage and that in Astacus they remain through the first and

]>art of tlie second only.
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Tlie active third larviB becoming independent lived some eighteen days in

all before moulting again to pass into a fourth stage and these in turn were

followed through more stages till eventually adults were reared in the labor-

atory. Without describing the gradual changes of the early larviB to the details

of adult form we may now give a more complete record of the rates of growth

of young crayfish than has hitherto been possible as a number of new observa-

tions have been added to those previously published, Andrews ( :04), and certain

points as to the period of sexual maturity determined. We will give certain

facts as to the number of moults, as to the rate of growth, as to the develop-

ment of the external male organs, as to the ratio of the sexes and as to the ar-

rival of sexual maturity and the ability to l)reed in captivity.

Observations made upon the young of a single female which laid March 2S,

IDO.?, and whose eggs hatched May 18, 1903, gave the times of moulting and

rates of growth of the larv;e represented in the following table:

Stages.
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After October tliere were no moults till the following warm season, the

lengths remaining constant during the winter. Just as the growth in the first

summer was restricted to tlie five montlis of May, June, July, August, and Sep-

tember, so in the second sunnner there was an increase of 25 mm. during that

time and though the moults were not observed there may well have been four

or five during this second summer. In a few exceptional cases a moult took

place in the early spring before May and a gain of (> nun. was observed then.

After a second winter of no moults there followed a tliird summer of growth in

whicli a single observation showed that a specimen 70 mm. long December,

1902, was 76 mm. long July 1, 1903, an increase of 6 mm. probably due to one

moult. As this same individual increased to 90 mm. by October, 1903, it iirob-

ably moulted two or three times or in all three or four times dui'ing this third

sunnner.

AVe thus have evidence for seven and ]u-obably as uumy as twelve moults

the first sunnner, four or five in the second sunnner, three or four in the thii'd

summer, and in the fourth sunnner ])erha]is only one or two moults to judge

from a single case of 8 mm. increase.

Without reference to tlu^ numl)er of moults, observations upon the amount

of growth of young ci'ayfisli hatched from eggs laid in the laboratory and kept

under various artificial conditions in tlie laboratory, were made and are re-

corded below as a substitute for data never yet obtained as to the rate of

gi-owth of American crayfisli in the open.

The following list gives the length in millimeters from tip of rostrum to end

of telson of 101 young hatclied in IMay, kept in six ditTerent tanks in different

years and under somewhat different conditions and measured in October when

four months old.

I. 62, 53, 53, 49, 50, 45, 43, 41.

II. 60, 59, 52, 52, 45, 39, 40, 33, 30, 22.

III. 41, 38, 24, 56, 32, 44, 43, 39, 39, 33, 35, 36, 32, 34, 30, 23, 30, 29, 27, 32.

IV. 47, 39, 33, 27, 20, 23, 31, 38, 30, 31, 28, 30, 35, 35, 35, 34, 36, 42, 46, 52, 46,

45, 46, 41, 39, 40, 36.

V. 43, 51, 41, 49, 43, 37, 38.

VI. 55, 43, 55, 48, 38, 50, 40, 40, 53, 46. 40, 42, 40, 43, 50, 45, 44, 48, 50, 49, 37,

57, 44, 45, 43, 46, 46, 36, 38, 38.

It is obvious that there was great individual difference in size attained in

the first four montlis of life both under different conditions and when ke])t in

ai^parently the same conditions, but of course subject to different chances of

food supply even in one tank.

The first group of eight survivors ranged from 41 to 62, with an average

of nearly 50.

The second group of 10 survivors ranged from 22 to (i2 with an aver-

age of 43.
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Tlie third group of 20 ranged from •2:> to 56 with an average of 35.

The fourth group of 26 ranged from 20 to 47 with an average of 36.

The hfth group of only 7 ranged from 37 to 51 with an average of -1:3.

The sixth group of 30 ranged from 36 to 57 with an average of 45.

The large size of the crayfisli in tlie first group was undoubtedly due to

greater care taken to feed them and the differences in other groups were proh-

ablv due to differences in food supply and also in temperature.

Judging from the above 101 measurements the young four months old nuiy

vary in length from 20 to 62 mm. but while the average of all was 41 nnn. the

average of different experiments ranged from 35 to 50.

We may then expect this crayfish to be nearly two inches long in the autumn

ol" its first year of life.

Measurements made in the autumn and again in the next spring showed

that there was no growth from October to May, except in rare cases in which

a moult occurred in early spring. The crayfish thus started in their second

summer of life with a length of nearly two inches and were the same size

when twelve months old as when four months old.

The rate of growth in this second sununer may be inferred from some few

measurements made in ()ctol)er upon crayfish reared from eggs laid in the

laboratory and measured then, when sixteen months old. Of five larvoe measur-

ing May 26, 1904, 62, 55, 53, 50, 62 mm. the three survivors in October, 1904,

measured 75, 80, and 72 mm., an average of 76 mm. From the average, 58, of

the above five to the average 7(i of the three survivors there was an increase

of 18 mm., or a gain of 30 j^er cent in length in this second sununer. And

records showed that one of these larva? had grown from 62 to either 75 or to

82, that is added 13 or else 20 mm. to its length, or increased 21 ])er cent or

else 32 per cent.

Another group of young left three survivors of 5(), 70, 75 mm., or on the

average 67 mm. when Ki months old to represent the seven which were 40-45 nnn.

long when twelve months old; they had thus i)r(.l)ably added 25 mm. or gained

more than 50 per cent in the second summer.

A third group of young, twenty in num))er, ranging from 23 to 56 nun.

when twelve months old, left only two survivors at sixteen months, which

measured 70 and 79 mm., or an average of 74: there was thus an increase from

the average 35, of 39 mm. But records of the individuals showed that the few

survivors were probably 43 and 56 mm. long in the spring and had grown only

23 and 27 mm. in each case which would be an increase of 53 per cent and of 63

per cent.

The above few data indicate a growth in the second summer of sometimes

50 i^er cent of the length; that is a crayfish two inches long the end of the first

sununer mav l)e expected to be three inches long the end of the second summer.
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when sixteen months old. But here again tlie individual differences are very

great.

In the second winter there was probably no growth; two crayfish 75 and

80 mm. long in October, 1904, were the same length in ^liiy, 19U.1, and, in gen-

eral, moulting during the early spring was rarely observed.

The only observation upon the growth of crayfish reared from the egg

and kept during the third summer was the following: two individuals 70 and

79 mm. long when twenty-four months old left one survivor 90 mm. long in

Oc^tober, 1903, when 28 months old. It had thus increased either 11 or else

20 mm. in the third summer, that is, it added only 14 per cent or 20 per cent

to its length.

Probably then a crayfish may grow in the third sunnner from a length of

three inches to be somewhat short of four inches.

The one young crayfish kept during its third winter did not change Imt

measured 90 mm. in October, 1903, and the same again in May, 1904.

In its fourth summer this crayfish grew to a length of 98 mm. by October

but died then when three years and four mouths old, having grown but 8 nun.

or barely 9 per cent in this summer. This may indicate a great diminution in

rapidity of growth as the maxinmm size is approached so that the ci-ayfish one

hundred and twenty millimeters long that are taken in the Potomac may well

be six or seven years old; but from one specimen we cannot say that the rate

is naturally lessened in the fourth year and a possible yearly increment of one

inch would make the large crayfish of five inches only four years old.

The age of Camharus affinis would seem to be roughly determinable from

the formula A= L— V, where A= the age in years ending in May, L^ the

length in inches and V^ one, in couditious of maximum favorableness, but in

unfavorable conditions V may become zero and in very old large crayfish V
may be a negative quantity.

Soubeiran {'6o) gave the length of Astacus in France as 50 mm., 70 mm.,

90 mm., 110 mm., 125 mm., in the first to fifth years inclusive, that is with an

annual increment of 20 mm., which, however, became less in the fifth year, so

that he could not tell the age of crayfish 160 mm. long nor of any very old ones

1 90 mm. long.

Compared with this Astacus, C. affinis starting as a much smaller egg

caught up in size in the first summer and for two years showed just al)out that

same increment of 20 mm. annually, but then in-obably Ix'gan to grow with more
diiniuished speed than did the French Astacus.

The sexes of these young crayfish are early determined and in the third

larval stage the female shows the beginning of the amuilus and the male the

external openings of the deferent ducts, as elsewhere described (Andrews, •M>).

But the difference between the appendages of the first abdominal somite in
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old but also that these eggs would develop after union with males of the same

age, union which moreover took place in the previous autumn so that these ex-

periments also showed that the sperm got in the autumn and kept all winterwould

fertilize the eggs, i)artlienogenesis being, supposedly, out of the question. In

Astacus, Chantran stated that the eggs were laid only ten to forty-five days

after union but in Cambarus affinis as many as 230 days may ela]>se. The

data on which the conclusions rest are as follows. A crayfish 62 nun. long laid

eggs when forty-seven weeks old, and these eggs hatched eight days after the

mother's birthday; this female received si)erm the preceding autumn from a

male of like age and after that was kept isolated. Three other females were

su]i]ilied with sperm in the autumn and laid eggs in the sjiring when one year

old and kept isolated from males. Another female 57 mm. long laid eggs May

26, 1904, when one year old, having hatched May 18, 1903, and after being kept

isolated after conjugation with a male of like age in the autumn of 1903. An-

other female only 50 mm. Iiuig laid eggs when about eleven months old, April

29, 1905.

It thus seems demonstrated that a crayfish growing the first sununei' to

the length of about two inches and receiving sperm from a male of like age

in the autumn may lay fertile eggs the next si)riiig when scarcely a year old.

When older, l(i months old and about three inches long, that is in the sec-

ond autumn of their lives, crayfish were seen to conjugate and to lay fertile

eggs the following spring when two years old. In one case it was shown that

a female which laid eggs when 62 nun. long and not quite one year old again

laid eggs the next spring when 80 nun. long and but a few days over two years

of age.

Though it is ))ossilile that artificial conditions may have made these cray-

fish that reproduce when a year old precocioiis, it is probable that this Cam-

barus comes to sexual maturity much sooner than does the Astacus of Europe

of which both Soubeiran ('65) and Chantran ('70) state that it reproduces first

in its fourth year, though the latter says the males were ready for conjugation

at the beginning of their tliird year.

The fact that one female Ca»ibarus affinis laid in two successive years is in

contrast to the statement credited to Steffenberg ('72) that the female Astacus

in Sweden hiding away during the winter, if fecundated, breeds only every other

year.

It is finally to be noted that not only did the young of C. affiHi.'i reared in

captivity lay fertile eggs but the young of the next generation also, so that there

would seem to be no obstacle to the establishment of a ]>crmanent race of domes-

ticated cravfish bred in caiitivitv.
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Comparisons and Conclusions.

The chief differences between the young of Astacaa Icniiiscidas and those

of Cavihurus affinis are to be found in the hrst and second stages and are dif-

ferences in size, in habit, and in structure.

The differences al)ove described may be eniiuierated as follows. In Cani-

barn.s (iffinis the larva coming from a small egg about 1.75 mm. in diameter

is about 4 mm. long and lives only two days before moulting. In Aatncus lenius^

cuius the larva coming from a very large egg, 2.5 mm. in diameter, is about

9 mm. long and lives four or more days before moulting. The first larval stage

in Cambarus has a simplified telson not well armed but having only 2(i spines

which are upou its posterior edge only, while the Astacus has 6(5 spines that are

set along the lateral as well as the posterior edges. The abdominal ai)pend-

ages differ in that the first pair are absent in Astacus while barely recogniz-

able in Cambarus and the four following have equal exopodites and endopodites

in Cambarus while in Astacus the exopodite is longer. The telson thread is

short in Cambarus and long in Astacus, and in Cambarus there seems no part of

it a recent cuticle cast off by the embryo with well developed limbs as is the case

in Astacus. The first antenna in Cambarus is more simple in having only four

in place of five segments in its exopodite and in its endopodite and in lacking

the sense-hair of Astacus. The second antenna in Cambarus has 25 segments

while Astacus has 50; moreover, Cambarus carries this antenna bent backward

close to the body between the legs while Astacus carries it forward, Init de-

pressed. In Cambarus the first maxilla lacks the few plumose seta- of Astacus

and has fewer spines; and the maxiUipeds have fewer setae and spines, as well

as gills of more simple structure. The gill formula of Cambarus is already

that of the adult and is therefore more simple than that of Astacus, but besides

this generic difference the gills of Cambarus are more simple in structure, in

this first larval stage, in many cases, especially the anterior arthrobranchs of

the pereiopods.

In the second larval stage the habits of tl.e tw.. are different in that the

voung Cambarus still remain inactively fixed upon the mother and are aided in

doing so by an anal thread, while the young of Astacus soon wander away from

the mother. The former are about 5 mm. long and live about six days before

moulting while the latter are 11 mm. long and live 8 to 10 days before moult-

ing In Cambarus the rostrum is more bent and not so efficient as a protection

and the seta^ over the entire animal are much less developed. The abdomen of

Cambarus has onlv weak spines upon its telson and these are along its pos-

terior edge onlv, while in the active Astacus there is a complete fringe of long

plumose seta' on all the edges of the telson. In Cambarus the first antenna

is less perfected; in having only 5 segments in its exopodite and 4 in its endo-
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l)odite while Astaciis has G in each; iu having- bnt 5 .sensory hairs in phice

of 8 in Astacus which lias advanced further as is shown by the arrangement of

these hairs, and iu liaving the ear pit still bare while in Astacus it is guarded

by a fringe of plumose set;B along its edge. In Cambarus the second antenna

has 39 segments and its scale has a row of a few spines only while in Astacus

there are 54 segments and the scale is fringed with plumose seta'. In Cambarus

the maxillie and maxillipeds have but few setse and no plumose ones except on

the tip of the last maxilliped and the edge of the scapliognathite, while in Astacus

the plumes are conspicuous and show a tendency to extend out to the cutting-

edges of the protopodites and to thus replace the simple set* by highly special-

ized forms of setfe with lateral barbs. The scaphognathite in Cambarus is

more simple in lacking the peculiar long plume-like setaj at its posterior end.

The chelae are used by Cambarus to hold fast to the mother and their tips are

somewhat less straight than in Astacus. In Cambarus also the reuuirkal)ly long

exopoditic seta; of Astacus are not developed.

The first two stages in which the larva? of these ci-aylish differ most are

also the stages in which crayfish are peculiar iu having an intimate association

of larvae with parent. Prom the generally accepted standjjoint that crayfish

have been evolved from marine ancestors which had pelagic, or at least, active

lai'vaj that left the mother as soon as they were hatched, the association iu the

crayfish is a new acquisition. The differences between the larvte are also pre-

sumably of recent origin since they make the early stages more unlike than

later stages, while if there were a common ancestor the greater divergence

would be in the most remote descendants and stages, until some newer change

modified the early larvaj and thus "falsified" the record.

Some of the new modifications in structure that go along with the new

habits of association of larvse and mother may be recognized as distinct from

the small size and other characters that might belong to active larv;?. The

characters in the first and second stages that seem inimical to free larval life

and to be adapted to the parasite-like life ui)on the mother are; partly those

negative traits which an embryo might have in protected sedentary life and

which here may be in fact but the lingering on outside the egg of conditions

formerly found only within the egg; and partly directly adapted additional

characters that are peculiar to this life of larval dependence upon the pleopods

of the mother, and of no use elsewhere.

The embryo-like characters of the first larval stage are as follows. The

sj)heroidal head-thorax and accompanying position of limbs and of abdomen

that make walking and true swimming impossible and force the creature to lie

upon its side if removed from its natural attachment to the mother. The weak,

imperfect state of the locomotor organs ; slender legs, simple telson, absence

of utilizable sixth pleopods. The lack of useful defensive organs, that is the
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bending dmvn of the rostniui between the eyes and the small number and insig-

nificance of tJie telson spines. The imperfect state of the sense organs ; namely

the short eye stalks and incomplete eyes, the open unguarded ear-pit, the com-

plete or nearly complete absence of sense seta? on the first antenna and the naked

character of the other appendages and whole body over which only a few simple

spines take the place of the innumerable sensory and locomotor set* of active

larval stages. The lack of development and of use of the first and sixth pairs

of abdominal appendages ; the imperfect development and shortness of the first

and second antennas; the lack of teeth on the edge of the mandible and the ap-

l^arent lack of use of any of the numerous mouth parts and appendages con-

cerned in later stages in getting and eating food. The passive habit as a

fixed dependant with physiology like that in the em1)ryo, except for the addi-

tion of active respiratory movements; the pose of the body with the limbs and

abdomen beneath the thorax and antennte depressed.

The special characters of the first larva that are neither embryonic nor

such as a free larva would have are the two means of attachment to the mother.

The first is the existence of recurved tips on the long strong chehc that, com-

bined with the instinct of the larva, enable it to seize hold of and become locked

to the material on the mother's i)leopods. The second is the telson-thread that

holds the larva to the mother till it can get locked with its claws. This con-

trivance is foi'med in advance of its use both by early adhesions of membranes

and In' later special secretions of telson glands so that its usefulness is depend-

ent upon a series of modifications of the ancestral history.

In brief the first larval stage is embryonic in proportions and activities and

in lack of the perfection of sensory, feeding, locomotor, and defensive organs to

be expected in a free larva. It is actively specialized for its peculiar associa-

tion with the parent by the locking claws and telson thread.

The second larval stage is transitional in structure from an embryonic to

a free larval state and in habit it remains still a fixed dependant in Cambarus

though in Astacus gradually becoming but loosely associated with the parent.

In both crayfish the second larva is still imperfect in lacking the sixth pleopods

and is embryonic in still containing yolk. It also has imperfections in sensory

and locomotor Hota} that may be interpreted as retrogressions from a more per-

fect ancestral state toward a yet more simple state like that of the first larva;

presumably the association with the mother was first acquired in the first stage

and has later extended, as yet, less thoroughly through the second stage.

Supposing the ancestors of crayfish to have hatched as active larva the first

and second stages at present are new, in so far as they are specialized for at-

tachment to the mother and in that they are inactive and imperfect, while the

third stage may be compared more directly with ancestral larvae and is older

in its general structure.
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While the al).senee of the locomotor sixth pleopods in the first and second

stages of crayfish young might be regarded as indicating that these stages had

never been represented by free ancestral forms 1)ut were merely eml)ryos prema-

turely removed from the egg to live a i)send(ilaival life upon the mother's ple-

opods, yet the near marine relative of the crayfish, the lolister, likewise has no

available sixth pleopods in its first and second stages though free and even pel-

agic, and we are free to assume that the first stages of the crayfish are modified

representatives of free ancestral larvae.

Such ancestors may have been much like the lobster and at present the

third larval stage of the lobster is like the third in the crayfish in that the

sixth pleopods are then first expanded; but it is not till the fourth larval stage

in the lobster that the length of antennie and perfection of tail-fan is developed

enough to be compara1)le to the third stage in the crayfish. While the first and

second stages of the crayfish are well adjusted to life upon the mother's ple-

oi)ods, the first, second, and third stages of the lobster are well fitted for pelagic

life in retaining the locomotor exopodite of the pereiopods and short antennae.

The fourth stage of the lobster first acquires long antennae, perfect tail fan and

reduced exopodites, and is in the nuvin very like the third stage of the crayfish;

in fact the adult state is rather suddenly imitated in the third stage of the cray-

fish and in the fourth stage of the lobster. If these two stages are supi)osed

to be homologous we may suppose that the process of reduction of metamor-

phoses that has already gone so far in the lobster (Herrick, '95), has advanced

a little more in the crayfish so that only two larval stages exist whei'e there used

to be three.

The greater length of the antenn:? in the earlier stages of the crayfish and

the earlier presence of the 2nd-5th pleopods may be imagined as secondary

changes from the lobster-like state, possibly connected with development of

crawling habits and abandonment of ))elagic life, for the long antennjie would be

of more use to a creeping animal and the pleopods perhaps of more use in con-

nection with respiration and sensory examination of water to an animal liv-

ing on the bottom, or possibly in holes, and needing a supjily of water to the gill

region and information of the nature of the material beneath the abdomen.

In the departure of cra.vfish from marine lobster-like ancestors the changes

have been in the abolition of most of the free swimming contrivances, the ac-

quisition of some arrangements better fitted for a crawling life and finally the

retention of embryonic states along with sjjecial new adjustments in connec-

tion with a life of qriasi-parasitism upon the mother.

We imagine the ancestral crayfish to have given up pelagic larv;p, to have

developed crawling larva?, and with these to have lately begun an association

of larva and parent that forms an early phase in family life. If continued in

the same lines there might ultimately result a crowding hack of hatching nearer
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to the time of egg laying and a retention of embryo-like larv;e upon the mother
along with reduction in number of larval stages, that would allow for a long

family life and protection of young nearly to the adult state.

That Cambarus has departed from the ancestral state more than has Asta-

cus is shown by the following considerations. In C. affinis the telson is more
reduced, that is its shape is less like that of an ancestral swimming organ and
its protecting spines are only upon the posterior edge and not along the side as

well, and. moi'covcr, there are but 32 as compared with 66 in A. leniusculus or,

probably, 5(1 in one Astacus of Europe. Cambarus affinis holds its second an-

tennas bent back under the thorax out of the way of jostling neighbors upon

the pleopods but in a position of no use as a feeling organ. This antenna is

also very short and has but 25 segments as against 50 in Astacus. In Cambarus
the appendages of the iirst abdominal segment, which will ultimately be sexual

organs in the male, are started in the first stage though lacking till much later

in Astacus, as far as known. And the young develop to sexual maturity within

four months, thus shortening the period of non-sexual life remarkably. Rathke

('29) found no signs of stylets in male Astacus 1 inch 3-4 lines long while we
find them 0.1 mm. long in C. affinis 17 mm. in length. The telson thread of

Cambarus seems made less evidently from a recent larval skin and is apparently

of earlier origin than in Astacus, as it seems to arise further back in the em-

bryonic life ; or we should say the larval history of Astacus is the more primitive

in having a more complete representation of a lost larval stage still evident in

a complete cast cuticle within the egg. But while there is a cuticle cast off near

the time of hatching in both Astacus and the lobster we may assume from com-

parison of these larviB that the tirst stage of the lobster is represented within

the egg of the crayfish and that therefore the cuticles cast at hatching are not

homologous.

In the second stage of Cambarus there are also signs of further recession

fi-oni ancestral states. Thus the rostrum is less developed and not as efficient

as a defense as it is in the more active Astacus. The second larva of Cam-

barus still lacks most of the plumose set^e that are present in the second As-

tacus and is thereby less fit for free life and is also moi-e like an embryo. The

second stage of Cambarus lives upon the mother while in Astacus it becomes

free : in Cambarus it is fast by its chehe and when it moults a delay in casting

off the cuticular lining of the intestine makes an anal thread that mechanically

continues the attachment of the young to the mother beyond what is found in

Astacus. The telson of Cambarus affinis, even in the second stage, has only spines

in place of the locomotor plumes of Astacus and is thus evidently unfit for free

life. Cambarus also has not yet developed sense setae upon the second segment

of the exopodite of the second antenna and is thus not as advanced as Astacus

is; and the ear pit is less jierfected in not having the seta^ along its edge. The
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second antenna is less perfect in having only 39 in place of 54 segments and in

still having only spines in place of iiliinies iipon its scale. In Cambarus also

the second stage is notably lacking in almost all plumose setae and is thus

further removed from fitness for free active life.

Tile third stage of Cambarus though rivaling Astaeus in perfection of loco-

motor and sensory apparatus still associates longer with the mother and thus

suggests a future period when the larval dei)endence may be extended so that

more than two larval stages may remain upon the mother.

Though the young of Cambarus are better fitted to stay with the mother,

and do so for a longer ])eriod of their life as reckoned in stages, the actual

number of days in which the association continues is not essentially different in

Cambarus and in Astaeus. In the former the larvaj is fixed on the mother for

a week and then remains in association for another week or more. In the latter

the larva is fixed to the mother four to fourteen days and then is associated for

only a few days more, as far as was made out in laboratory culture of A. lcn-

iuscidus, while Chantrau ('70) states the young of a European species are fixed

for ten days and then go and come for ten days more.

The conclusion that Cambarus has advanced further than Astaeus in the

adaptation of its youug to a life of association with the mother is in harmony

with the relative positions of these two genera as determined by anatomy and

geographical distribution. The absence of the pleurobranchiae in Cambarus and

the presence of a specialized sperm receptacle, the so-called annulus ventralis,

as well as the corresponding specialization of the male stylets, are some of the

important characters that show the adult Cambarus to be more highly evolved

than Astaeus, and Ortmann ( :02) has shown how the evolution of all the species

of Cambarus may have taken place since divergence from Astaeus like ances-

tors in the region of Mexico.

We may therefore suppose that as Cambarus has migrated over the middle

and eastern United States it has become s[ilit up into the sixty odd species now

found and in some as in C. (iffiiiis has made more perfect the association of

young and parent already i)resent in the Astaeus ancestor.

As all the crayfish are primarily fresh water or land dwellers it is natural

to seek to connect their possession of an elementary family state with their de-

parture from their ancestral marine life and it is easy to imagine that the species

might be benefited by the young being protected by the mother when either liv-

ing in holes or moving from i)lace to place till of larger size and more perfect

structure. But it is not obvious that the advantage would be greater in fresh

water than in salt water life, and as we know the lobster has already greatly

shortened its ancestral series of metamorphoses and that the crayfish family-

life is possil)le only after such shortening of metamorphoses, we seem, in the

lack of evidence as to when the association found in the crayfish really began,



THE YOUNG OF THE CRAYFISHES ASTACUS AND CAMBARUS /O

to have no grounds for connecting fresh-water life with these peculiarities of

crayfish. The marine ancestors of crayfish may have already acquired some con-

nection of young and parent before leaving the sea and in fact the life in bays

and estuaries would be one in which the dangers of loss of j^oung if set free

early and swept out to sea, would make an attachment to the parent especially

valuable ! And, later, the main advance of crayfish ancestors having been pre-

sumably up rivers and across country from river to river, the advantage of hav-

ing the young not set free early when they might more easily drift down

stream or be devoured, but when they were large enough and able to crawl and

to hold to the bottom, would perhaps lead to a continuance and perfection of

family life.

But while it is easy to speculate on the origin of the characters of cray-

fish on the assumption of utility and the working of natural selection, the con-

clusions are of doubtful value in our present relative ignorance of their actual

life. Moreover, the nature and the amount of differences in the luird parts and

in the larval history that distinguish one kind of crayfish from another are such

as to raise the question whether utility and natural selection have played any

part in their formation or in their perfection. All the specific and generic

characters of crayfish may be as useless as color differences, and they may have

suddenly arisen perfected as we see them, or they may have progressed in

certain lines for long periods of time independent of external agencies. We need

more evidence from observation and from breeding experiments before con-

cluding that' such characters as the shape of stylets and annulus or of rostrum an<l

of spines, absence or presence of one gill filament more or less, or the behavior

of telson glands and the presence of feathered seta- instead of simple spines,

have ever in any manner been connected with utility to the species or with the

survival or the extinction of individuals. Until the contrary is proven we may

regard these as the unmeaning by-products of unknown activities in the living

protoplasm.
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EXPLANATfON OK PLATES.

All figures drawn with camera liicida with Zeiss lenses specified, with few exceptions noted.

They are i)rinted one-third the diameter of the drawings, except Figs, d'i and !•;>, wliich

are nearly life size.

ASTACUS LENIOSCULU.S.

Plate I.

Figure 1. Larva issuing from egg-shell. 290 mm., aa.

3. Pantograph enlargement of photograph of living female to show young, several

hours after hatching, crowded upon the under side of abdomen of mother.

3. Eight side of living larva soon after hatching. 390 mm., aa.

4. Dorsal view of living larva just hatched, showing split egg-case and long fihuiient

connecting it to telson of larva. 290 mm., aa.

5. Front and oblique side views of eyes and rostrum to show its curvature 2. mm.

6. Dorsal face of left antennule of first stage. 3. A.

7. Under face of left antenna of first stage. 2. A.

8. Outer face of left mandible of first stage. 2. A.

9. Outer face of first maxilla of first stage. 2. A.

10. Outer face of second maxilla of first stage. 2. A.

11. Outer face of first maxilliped of first stage. 2. A.

12'. Outer face of second maxilliped of first stage. 2. A.

Plate II.

Figure l:!. Outer face of third maxilliped of first stage. 2. A.

14. Posterior face of left chela of first stage. 2. A.

15. Posterior face of left second walking leg, first stage. 2. A.

16. Posterior face of left third walking leg, first stage. 2. A.

17. Posterior face of left fourth walking leg, first stage. 2. A.

18. Posterior face of left fifth walking leg, first stage. 2. A.

19. Anterior face of one of left pleopods of first stage. 2. A.

Plate III.

Figure 20. Dorsal face of telson of first stage, showing internal radiations, marginal spines,

and attachment of telson thread. 3. A.

21. Enlarged views of attachment of telson-thread to certain glandular spines on the

posterior edge of the telson of first stage. 2. D.

22. Detail of three such glandular telson spines still covered by cuticle of embryo.

From a larva Just hatched, but not yet shed. 4. D.

23. Dorsal view of living larva in second stage. 290 mm., aa.

24. Left side of living larva in second stage. 290 mm., aa.

25. Upper face of left antennule of second stage. 2. A.

26. Under face of left antenna of second stage, with flagellum represented in Iw

isolated parts. 2. A.

o

• In this an.l the subsequent five figures the anterior arthrobranch ha.s been dotted for distinctness.
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Plate IV.

Figure 2T. Outer face of left mandible of second stage. 2. A.

28. Inner face of left mandible of second stage. 2. A.

29. Outer face of left first maxilla of second stage. 2. A.

30. Outer face of second maxilla of second stage. 2. A.

31. Outer face of first maxillipcd of seccmd stage. 2. A.

32'. Outer face of left second nuixilliped of second stage. 2. A.

33. Outer face of left lliird maxillipcd of second stage. 2. A.

34. Posterior face (d' lid't clicla of second stage. 2. A.

Platio v.

Figure 3.5. Posterior face of kd't second walking leg, second stage. 2. A.

36. Posterior face of left third walking leg, second stage. 2. A.

37. Posterior face of left fourth walking leg, second stage. 2. A.

38. Posterior face of left fifth walking leg and plcuro branch. 2. A.

30. Posterior face of a left pleopod of second stage. 2. A.

Pi.ATK vr.

Figure 40. Dorsal aspect of living larva in ihclliird stage in normal atliliidc whii-li makes

llii' lelson fore-shortened. 2!I0 iimi., aa.

41. Side view of living tliird-stagc 1ai-\a kept (juiet by alcohol. 290 mm., aa.

42. Dorsal aspect of the left newly expanded pleopod of the sixth segmenl of ihe

third-stage larva. 2. A.

43. Dorsal aspect of the telson of thii'd-stage larva. 2. A.

Cambauus affinis.

Plate VII.

Figure 44. Posterior face of fourth left pleopod id' adult fcmalo. 200 mm., aa.

4.5. lOggs attached to ploo|iod of adult rcnude aliout twenty hours after being laid.

290 mm., aa.

4(i. N'ciilr.i! aspi't-t of posli'ri<ir |)arl of alHhinii'n of lirst larva, sltowing attachm(']it

of telson thread, the concealed sixlli and fi-ce liftli anil fourth plropods. From
a recently luitched larva. 2. A.

47. Dorsal aspect of telson and sixth abdominal somite of first larva twenty hours

after liatching. 2. A.

48. \"entral aspect of terminal middli' part of telsiui of first larva dissected out of

egg-shell, showing attachment of telson tliread to certain spines. 2. D.

49. Dorsal as))ect of first larva as seen in Worcester's liquid. 290 mm., aa.

50. Pight side of first larva, seen in Worcester's liipiid. 290 mm., aa.

.51. Front view of eyes and rostrum of first larva, seen in Worcester's liquid. 2. aa.

52. Pleopod covered by larva' in the first stage and 48 hours old; alive; some few re-

moved. Camera lucida on dissecting stand, Stcinheil Aplanatic, Xo. 9.

5;!. Dorsal asjiect of left antennule of first stage. 2. A.

54. Lower face of left antenna of first stage. 2. A.

55. Outer face of left mandilile of first stage. 2. A.

5(). Outer face of left first maxilla of first stage. 3. A.

57. Outer face of left second maxilla of first stage. 2. A.

' In Fiiis. :ii> til :',7 tlie anterior artlnnlnanrli is dotleil for ilistinctne
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Fiyuru .j.s. (_»iitcr lace of lei't lirsl, luaxillipwl of lirst stage. 3. A.

5!). Outer faec of left second maxilliped of first stage. 2. A.

(50. Outer face of left third maxiilii)ed of first stage. 2. A.

Plate VIII.

Figure Gl. Posterior face of left chela of lirst stage. 2. A.

Ii2. End of chela of first stage, showing new cuticle and spines within old. 2. D.
G3. Posterior face of left second walking leg of first stage. 2. A.

04. Posterior face of left third walking leg of first stage. 2. A.

()0. Posterior face of left fourth walking leg of first stage. 2. A.

tit). Posterior face of left fifth walking leg of first stage. 2. A.

i\). Posterior face of left pleopod of first stage. 2. A.

(is. Dorsal aspect of second larva, in Worcester's li(|uid. 2!)(l inui.. A.

(i'.l. Left side of second larva, living, copied from An(h-ews, :(I4.

;o. Part of pleopod with some young in second stage left upon it. Drawn livin",

with dissecting stand and Stcinheil Aplanatic, Xo. !l.

71. Ventral aspect of telson of second stage with included si.xth jdeopods and anal

thread issuing from anus : living. 2. A.

'i2. A'entral view of riglit half of telson of second stage to show marginal papilhe.

2. D.

73. Telson and part of intestine removed, witli attached anal thread and portion of

cast sliell. ventral views. In A normal i-elalion is shown: in B the puckering

of the intestine wln'ii the cast telson shell is pulled awav from tlu' telson. 29(1

mni., .V.

li. Portion of intestines and cliitinous lining, uuide transparent to show the limit of

the cast-off lining (i/) and the region (x) where still attached. 2. D.

T(). Dorsal aspect of left antennule of second stage. 2. A.

',1. Under face of left antenna of second larva. 2. A.

Platk IX.

Figure ^8. Outer face of left mandilile of second larva. 2. A.

79. Outer face of left first maxilla of second larva. 2. A.

80. Outer face of left second maxilla of second larva. 2. A.

81. Outer face of left first maxilliped of second larva. 2. A.

82. Outer face of left second maxilli])ed of second larva. 2. A.

Ho. Outer face of left third maxilliped of second stage. 2. A.

84. Posterior face of left chela of second stage. 2. A.

85. Posterior face of left second walking leg, second stage. 2. A.

86. Posterior face of left third walking leg, second stage. 2. A.

87. Posterior face of left fourth walking leg. 2. A.

88. Posterior face of left fifth walking leg, second stage. 3. A.

89. Posterior face of left pleopod of second stage. 2. A.

90. Dorsal aspect of living -larva in third stage. 290 mm., aa.

91. Left side .of living larva in third stage, reduced V^ from 2 aa.

Plate X.

Figure 92. Photogra]ih of side \iew of adult female and its young in third stage climhing

under and aliont the hody.

93. Photograph of dorsal side of adult female, with its young in third stage climhing

over its back.
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ADVERTISEMENT.

The present memoir by Dr. Hubert Lyman Clark, of the IMusenra of

Comparative Zoology, in Cambridge, Massachusetts, on "The Apodous Holo-

thurians," sea-cuenmbers or trepangs, forms part of Volimie XXXV of the

Smithsonian Contributions to Knowledge.

Ill this memoir the attempt has been made to give a complete summary of

our present knowledge of the two families of sea-cucumbers which lack tube-

feet. As a system of classification is the essential foundation upon which any

discussion of structure, habits or relationships must be built, the first section

is devoted to a discussion of the history of the classification of the two families

(Synaptidffi and Molpadiida?), with comments on the principles involved and a

final sinnmary of the system adopted. Most of the original investigations hav-

ing 1)een liased on material in the collections of the United States National

Museum, the second section is an annotated catalogue of the Apodous Holo-

thurians of that institution. The third section deals with the family Synap-

tida^ and takes up in regular sequence, so far as our present knowledge per-

mits, the structure, physiology, development, habits and classification of these

animals. In the last subdivision of this section, each species, recognized as

valid, is treated separately in some detail. In the fourth section, the family

MolpadiidiB is treated in the same way.

The most important feature of the work is the recognition of the changes

taking place in the maturing and sensscence of individual holothurians, par-

ticularly in the family Molpadiidte. As a result of this, radical changes in

nomenclature have been necessary, but every effort has been made to have the

system adopted accord with the most widely accepted codes, and thus be as

stable as possible. Special attention has been given to geographical distri-

bution, hilt the work in this line is chiefly of value as a summary of our present

very inadequate knowledge. Artificial keys to genera and species have been

freely used with the intention of making the work as useful as possible to all

subsequent investigators, and the numerous figures, most of which are copied

from other writers, are given with the same end in view.

In accordance with the rule adopted by the Institution, the work has been

submitted to a commission consisting of Prof. A. E. Verrill, of Yale University,

and Prof. W. K. Brooks, of the Johns Hopkins University, who recommended

its publication in the present series.

Chas. D. Walcott,

Secretary.

Smithsonian Institution,

AVashington, J«»e, 1907. •'
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INTRODUCTION.

Early in the spring of 1900 the collection of apodous holothurians of the

United States National Museum was placed in my hands for identification. This

collection consisted of nearly 1,000 specimens from various localities along

the American coast, both east and west, from the Banks of Newfoundland and

the Aleutian Islands to the Strait of Magellan. It was rich in Molpadiidae, and

furnished an excellent basis for the revision of that family, but it was poor

in Synaptida^, though many of the American species were represented by nu-

merous specimens. Owing, however, to the great need of a revision of the

Synaptids, it was thought best to take the opportunity of making it, and the

present paper was intended to be a complete account of all the footless holo-

thurians known to science. After the manuscript was completed, in 190G, a

supplementary collection from the National Museum, containing over 1,200

specimens, was placed in my hands, and the examination of this additional ma-

terial has proved of great value, not only by enabling me to test and correct

the artificial keys, but by throwing much additional light on the validity of

a number of doubtful forms. This report, as it now stands, is intended to

include all species described prior to January 1, 1907, and to furnish a means

for their ready identification. The synonymy of each species has received care-

ful attention, but no attempt has been made to include every writer who has

mentioned the form, unless he has in some way modified or qualified the name

in use. The bibliography is thought to include every paper which contains any

matter of importance relating to the two families, but a number of papers are

omitted which simply contain casual references to, or familiar facts concerning,

some of the well-known species.

As a matter of convenience, the classification of the two families is dis-

cussed first, and this is followed by an annotated list of the species in the col-

lections of the National Museum, including descriptions of new genera and

species. The remaining space is occupied by an account of the morphology,

embryology, physiology, ecology, and taxology of the two families, with arti-

ficial'keys and an account of each species, especial attention being given to

the geographical distribution. The figures are intended to illustrate not only

the new forms described, but also previously known species that have not been

figured, and some others, figures of which will be of service to the student

of these animals. A synonymic index is also given, to aid in finding any species

referred to by previous writers. A sincere effort has been made to place the

nomenclature on as firm a basis as possible, by the use of the now very gen-

erally accepted principles laid down in the International Code. This has m-.
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volvecl a niimber of changes which, however unwelcome, were bound to be

made sooner or later. The author lays no claim to infallilnlity, however, and

does not expect that no errors will be found in his results. Lack of knowl-

edge or poor judgnjent on his part, coupled with the inadequate descriptions of

early writers, afford many loopholes for mistakes.

In conclusion, I desire to express the great obligation I am under to Mr.

Richard Eathbun, the Assistant Secretary of the Smithsonian Institution, for

his unfailing courtesy and many helpful suggestions, and to Miss Mary J.

Eathbun, for much kind assistance in connection with nomenclature and illus-

trations. My friend, Professor L. T. Larsen, of Olivet College, has afforded me
invaluable assistance in my effort to have philologically correct the new names

I have been obliged to coin. I am also greatly indebted to Dr. Iljalmar

Ostergren, of Upsala, who by his letters and kindness in sending me specimens,

as well as by his publications on the Synaptidn?, has proved an invaluable aid.

Finally, Dr. W. K. Fisher has very kindly permitted me to have advance

sheets of his valuable memoir on Hawaiian Holothurians, and these have

enabled me to include his work herein.

CAMBRroGE, Mass., April 1, 1907.





Plate I.

Synapta maculata (Chamisso and Eyseiiluirdt ).

Figure 1. Anterior end of adult, with verrucse, natural size. (From Semper, l.SiiS,

2. Anterior end of adult, without verrucEe, natural size.
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PART I.

THE CLASSIFICATION OF THE APODOUS IIOLOTHURIANS.

The first writer on Holothurians who recognized the presence or absence

of feet (pedicels) as an important character in the classification of the group

was J. F. Brandt ('35), in his account of the animals observed by H. Mertens.

He divided the group Holothuritr, which he ranked as a family, into two great

subdivisions, the Pedat.e and the Apodes. Unfortunately, however, he failed

to distinguish accurately the apodous from the pedate forms, and conse-

quently, as Ludwig ('81&) has shown, many really apodous forms occur in the

Pedata'. He divided the Apodes into the Pneumonophor.e and the Apneu-

MONES, according to the presence or absence of respiratory trees. But here

again his observations were not exact, and some forms without respiratory

trees are placed in his Pneumonophor*. Burmeister ('37) ranked the holothu-

rians as an order including several families, one of which, called by him Syn-

APTiD.E, was equivalent to Brandt's Apodes. Grube ('40) called the same group

Chibidot^, Forbes ('41) called them Synapt^, Gray ('48) Synaptu).e, and

Siebold ('48) Synaptin.e. Johannes Miiller ('50) considered the possession of

respiratory trees as the important point in holothurian anatomy, and accord-

ingly he divided the order into "lungenlose" and " lungentragende " groups;

the latter were divided into the "fusslose" and "fussige," and the "fusslose"

were christened Molpadiid^. Broun ( '60) recognized the position of the holo-

thurians as a class, and divided it into two orders, the first of which contained

only the extraordinary Ehopalodina, while the second was divided into two sub-

orders, Apodia and Eupodia, the Apodia equivalent to Brandt's Apodes. Under

the Apodia were placed two families, the Synaptidae (without respiratory trees

;

four genera, Synapta, Synaptula, Chiridota, Myriotrochus) and the Lioder-

matid^ (with respiratory trees; three genera, Lioderma, Haplodactyla, Mol-

padia), Miiller 's Molpadiidse.

With the publication of Selenka's monograph ('67) the study of the holo-

thurians really began, from a modern systematist's point of view. He divided

the class Holothubioidea into two orders, the Pneumonophoea and the Ap-

NEXJMONA, the former with three families, the last of which, the Liosomatid^,

was equivalent to Miiller's Molpadiidse. Selenka's classification of the footless

forms may be tabulated thus :

11
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Orders.
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ber treated is 118, of which 2(5 are regarded as of doubtful standing. The

classic work of Ludwig ('92fc) in Bronn's Thierreich introduces an entirely

new basis of classification and breaks up the suborder Apoda. Ludwig shows

that the embryology of the Syjiaptidge sets them apart as a distinct group from

the other holothurians, and he therefore divides the class Hoi.OTHUBiomEA into

two orders, the Actinopoda and the Paractikopoda, distinguished by the place

of origin of the circumoral tentacles. The Actinopoda include four families, of

which the last is the Molpadiidiv, containing the footless species. The Paracti-

nopoda includes the single family Synapiida. Ludwig's arrangement of

genera is as follows

:

Moli.a.liidie = Moli.adia (2 species), Eupyrgus (l),!Haplodactyla (5), Caii.liiia (4), -I'l-ochostoma

(12), Ankyroderiua (8).

6 genera, 32 species.

Synapti.l* = Synapta (51 s(.ecies), Anapta (5), Chiridota (20), Trochodota (2), Tn.cliodenua

(1), Myriotrochus (1), Acantliotroclnis (1).

7 genera, 81 si)ecies.

Total, 13 genera, 113 species.

The last important paper of the nineteenth century dealing with the classi-

fication of the footless holothurians is Ostergren's ('985) admirable revision

of the Synaptid.T. He proposes to divide the family into three subfamilies,

chiefly because of differences in the calcareous deposits: Synaptinae with

anchors and plates, or occasionally (Anapta) only miliary granules; Chirido-

tins with 6-spoked wheels, or sigmoid or bracket-shaped particles, never anchors;

Myriotrochin* with wheels having 8 or more spokes, never collected in papilla?.

Under the Svnaptina^, he places Anapta and five other genera, made from the

old genus Synapta, as follows : Euapta, Chondrocloea, Synapta, Labidoplax,

Protankyra. These genera are distinguished from each other mainly by the

shape of the tentacles and anchors and anchor-plates. Under the Chiridotin-s

are placed two genera, Sigmodota and Chiridota, while Myriotrochus, Trocho-

derma, and Acanthotrochus make up the third subfamily. Altogether Oster-

gren recognizes 81 species of Synaptida^, the same number listed by Ludwig six

vears before.

The report on the holothurians of the "Travailleur" and "Talisman, by

Remy Perrier (:0:3), returns to the old arrangement of Brandt again, but is

notable for the relative rank given previously recognized groups. He con-

siders the apodous holothurians a natural assemblage, and ranks them as a

subclass, the Apodes. This subclass includes two orders, the Anactinopod..^

with one family, the Molpadiids, and the PARACTI^^opoDA with three families, the

Svnaptida^, Chirodotidi^, and Myriotrochida>. Thus Ostergren's subfamilies are

here raised to full familv rank. Delage and Herouard ( :04) recogmze two

orders, AcTiNOPODiDA^^^ndJWmNO^^

rsp^lkZ^;^^^^ on p.f.e. -m. where fir.t iiitroduced ;
elsewhere spelled as above given.
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the Molpadiidit as a distinct suborder, with the usual single family and six

genera. Their classification of the Paractinopodida is most confusing, for no sub-

ordinate groups are given save genera, of which 14 are recognized, two being

known only from fossil remains. Moreover, although several references are

made to Ostergren's work, these only add to the confusion, for blunders are

made in attempting to indicate the subfamilies proposed by him, and an ob-

vious slip of the pen concerning the Chiridotinae makes matters still worse.

MacBride ( :06), ignoring Ludwig's important embryological work, divides the

holothurians into six orders, of which the last two are the Molpadiida and

Synaptida, each containing a single family and six genera. Such a classifica-

tion is certainly no contribution to our knowledge of the group! Fisher (:07)

recognizes the classifications used by I;udwig and by Ostergreu, at the same

time calling attention to some points of nomenclature in which the latter seems

to Vie in error. He adds a new genus (Opheodesoma) which is practically sec-

tion B of Ostergren's Euapta, and gives a very full account of the type species,

lie also describes four other new forms of Synaptida\

In arranging any scheme of classification, the first point to l)e determined

is the relative value of characters upon which to base specific, generic, aiid

family differences. In the holothurians, the characters which best determine

family limits are the presence or absence of true retractor muscles and

respiratory trees, the number and form of the tentacles, and the presence or

absence of other ambulacral appendages. Since the ambulacral appendages, ex-

cept tentacles, vary greatly in number, size, and arrangement, even in a single

species, the characteristic features of the internal anatomy carry more weight.

The group of apodous holothurians therefore cannot be accepted as a natural

group, especially since the genera Himasthlephora and Gephyrothuria form an

obvious connecting link with the pedate forms. The absence of respiratory

trees is, however, a constant and remarkable character, and, combined as it is

with the absence of pedicels and papilhe and the presence of unbroken circular

muscles, marks out the Synaptida; as a well-defined family, aside from its

ordinal characters. The other apodous holothurians are less susceptible of

satisfactory definition, aside from the lack of pedicels, but the shape of the body

usually terminating in a more or less evident caudal portion, the peculiar, short

tentacles, combined with the presence of respiratory trees, are really quite char-

acteristic for the MolpadiidiP. These two families may therefore be accepted

as inchiding all known a^iodous holothurians (except the remarkable and unique

Pelagothuriida'), but there is no intention of implying any necessarily close

connection between them. Perrier's ( :03) reestablishment of the group Apodes

seems to be an attemi)t to base the classification on an obvious, external char-

acter, because it is convenient and easy to note, rather than an effort to reach

a natural arrangement. No new arguments are advanced in favor of the

Apodes, and the evidence is certainly against their standing as a subclass.
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In discussing the classification of the Synaptidte, the question naturally

arises whether the subfamilies suggested by Ostergren ('986) are worthy of

recognition. Subfamilies may be quite as natural groups as families, but if they

are simply artificial assemblages they needlessly complicate the classification,

unless the number of genera is unusually large, which is certainly not the case

with the Synaptidre. That Ostergren 's subfamily Synaptinse is a natural group

seems very probable, the genera contained in it being evidently related to each

other. There is more room for question whether the Chiridotinae and Myrio-

trochin^ can be properly separated from each other, but the calcareous particles

are certainly strikingly different in the two groups, and it is at least probable

that no violence is done in separating them. But Perrier's ( :03) proposition

to make full families of these subdivisions of the Synaptidiv cannot be ap-

jiroved without exaggerating their dit¥erences.

In attempting to define genera or species in the Synaptinre, we are met with

the difficulty that many are known from a single specimen or at most a few, and

nothing is recorded of their life histories. Especially is this true of the various

East Indian species, and since, in those species whose life history has been

studied, it is knowu that the number of tentacles gradually increases as the

animal approaches maturity, it is very probable that some of the 10- and 13-

tentacled species will prove to be the young of other 12- or 15-tentacled forms.

Moreover, many species have been described from fragments, the anterior end

of the body being missing, and consequently the species are based wholly on

the calcareous particles, which is of course unfortunate; for it ought to be

clearly understood that the calcareous particles in the skin of Synaptids (as in

all holothurians) are more or less variable, and while each species usually has

its own distinct sort, yet there is a very wide range of diversity, even in one in-

dividual, and exact conformity to a given type must not be expected or looked

for. The six genera proposed by Ostergren appear in the main to be natural

groups, and will doubtless be quite generally accepted. But unfortunately in

selecting his names, Ostergren overlooked or ignored some of his predecessors.

The name Synapta was proposed by Eschscholtz ('29) for a species which he

called mnmmillosa, and he also states that Holothuria maculata Chamisso and

Eysenhardt is congeneric. There can be little question that these two species

are the same, in spite of the extraordinary difference in the colored figures

given (see page 79), and it is further reasonably sure that they are no other

than the species well known as hcselii Jiiger. The name Synapta must there-

fore be retained for this species, which Ostergren puts in his genus Chondro-

clfpa. Owing to its unique anchor-plates, and some other peculiarities, it is

better to regard it as sui generis, and let the other members of "Chondrocloea"

stand apart. They cannot, however, be called by Ostejgren's name, for

among them is "vivipara" {^^hydriformls Lesueur), which was made the type
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of the genu8 Syiiaptula by Oersted in 1849, and they mnst therefore be called

by the earlier name, of which Chondroclcea is obvionsly a synonym. One spe-

cies of this gronp, however (kefersteinii), is so distinct from the others in its

large number of tentacles that it may well be considered as the representative

of another genus, for which I would suggest the name Polypiectana (see page

76). Ostergren's other genera Anapta, Euapta, Labidoplax, and Protankyra

are all valid and may be accepted without further discussion. His genus

Synapta, however, must bear the name Leptosynapta, proposed for it by Ver-

rill in 18G7.^ To these genera it is now necessary to add the recently redis-

covered Rhabdomolgus Keferstein. It is also necessary to recognize a new

genus, Dactylapta (see page 111), for a remarkable species from the Indian

Ocean. Fisher's ( :07) division of Euapta into two genera seems to me of

doubtful vahie, but the two groups are as easy to distinguish from each other

as they are from Synaptula, and we may therefore recognize Opheodesoma, for

the present at least, without doing violence to any natural relationshij^s. We
thus recognize 11 genera of Syuaptin;p.

When we come to the Chiridotim^ we must first of all determine to what

characters we will give the most weight. The number of tentacles offers an

obvious and tempting character, but one which must be used guardedly; it does

not seem to be natural or justifiable to separate forms with 10 tentacles froua

those with 12, solely on that ground. Of course, where the difference in num-

ber is greater, the character has more weight. It is probable that Ludwig is

right in putting the emphasis on the distribution of the calcareous wheels,

while the presence or absence of the sigmoid bodies may be regarded as the

feature of second importance. With these principles in mind, we find the classi-

fication of this subfamily quite simple. Ostergren divides it into two genera,

Sigmodota and Chiridota. The former genus was suggested by Studer ('76)

for species having calcareous particles in the form of sigmoid bodies. Oster-

gren proposes to include in Sigmodota all the species with sigmoid bodies,

whether they have wheels or not, restricting Chiridota to species having no

sigmoid bodies, and with the wheels in papilln?. The genera Toxodora Verrill

('82) and Trochodota Ludwig ('926) are thus included in Sigmodota by Oster-

gren, though he recognizes three distinc^t groups in the genus. Ludwig {9'2h)

puts Toxodora under Anapta and bases Trochodota on the species with 10 ten-

tacles, the wheels scattered (i. e., not in papilla^), and sigmoid bodies present.

The tentacles of Toxodora, however, are peltato-digitate, whereas those of

xVnapta are pinnate; the calcareous particles are also of essentially different

types ; it is hardly legitimate, therefore, to unite the two groups, for

tliere is no reason to believe that they have a common ancestry or any close

genetic connection, Verrill's genus appears to be valid and may be defined as

' risher (:07) has already called attention to these necesssarv moditications of Ostergren's names.
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Chiridotin?e without wheels, but with small C- or bracket-shaped bodies. It is

thus very closely allied to Chiridota. The genus Trochodota is a natural group,

well characterized by several morphological features. At first sight it might

seem that Ludwig's name is antedated by Studer's Sigmodota, but although

Studer states that his type species is Lesson's purpurea, a perfectly recog-

nizable species which Ludwig makes the type of Trochodota, he incorrectly

identified the ChiridotiniE before him and in spite of their having 12 tenta-

cles, called them purpurea; consequently he states that Sigmodota has 12

tentacles. (It has been generally assumed that he says further there are

no wheels in Sigmodota; as a matter of fact, he says nothing whatever

on that point.) Ludwig ('98&) has shown that the species Studer had in hand

was undoubtedly Chiridota contorta Ludw., and as his generic diagnosis fits that

species, contorta becomes the type of Sigmodota. But even though it is thus

clear that Sigmodota and Trochodota are not synonyms, the former name can-

not be used ; for in 1868 Semper suggested that the peculiarities of Chiridota

australiana Stimpson warranted its being made the type of a new genus to

which he gave the name Tseniogyrus. This seems to be a natural and acceptable

course to follow ; but the genus, which is characterized by the presence of wheels

collected in papillse and numerous scattered sigmoid bodies, includes besides

the type-species, C. contorta Ludwig and consequently Sigmodota Studer is a

synonym of Tjeniogyrus Semper. The interesting species, C. japonica v. Mar-

enzeller, bears the same relation to Ta;niogyrus that Toxodora does to Chiri-

dota, and therefore is best treated as the type of a new genus, Scoliodota (see

page 125). There are still left about a dozen species to make up the genus Chiri-

dota, but one of these, the widespread C. rufescens Brandt, is so distinct from

the others that it is entitled to generic rank, and we may call the genus Poly-

cheira (see page 120). It is clear, I think, that Anapta inermis Fisher is one

of the Chiridotinff, and must, therefore, be made the type of a new genus which

may well be called Achiridota (see page 126). There are thus seven genera of

ChiridotiniB which it seems proper to recognize, instead of the two given by

Ostergren. However much multiplicity of genera is to be deplored, it cannot

be avoided in this subfamily if our classification is to show natural relation-

ships. In the MyriotrochinEB there are three well-marked genera, univer-

sally recognized, based on the form of the calcareous wheels; Myriotrochus,

with wheels having 10-2.5 spokes and 17-35 large teeth extending horizontally in-

ward from the rim ; Trochoderma, with wheels having 10-16 spokes, and the rim

with large, scattered, sharp knobs, but no horizontal teeth; Acanthotrochus,

with two distinct kinds of wheels.

Turning now to the Molpadiida?, we are confronted by only about half as

many species as in the Synaptidne, but with even more difficulty in arranging

them in genera. No suggestion of subfamilies needs consideration in this
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o-ronp, the genera are so closely allied. Of the 10 genera which have been pro-

posed, six are universally accepted: Ankyroderma, Candina, Eupyrgus, Haplo-

dactyla, Molpadia, and Trochostoma. Embolus Selenka is now regarded only as

a synonym of Trochostoma; Echinosoma Semper corresponds to Eupyrgus;

Microdactyla Sluiter is best treated as a synonym of Caudina; and Liosoma

Brandt (Lioderma, Bronn), used by Stimpson for a Trochostoma, is really

a synonjTU of Chiridota. But generic limits in this family are not sharply

drawn and the evidence now to be presented breaks down all possible distinc-

tion between Ankyroderma and Trochostoma. As generally defined, the former

is distinguished from the latter by the presence of rosettes of racquet-shaped

rods, from the center of which there extends outward a conspicuous anchor.

These anchors have a long shaft and serrate flukes, so that if they are nu-

merous, the body surface is very rough, and it is not remarkable that Anky-

roderma has been considered a clearly defined genus. I have had the oppor-

tunity of studying more than 350 specimens of these two genera, and a careful,

long-continued examination has convinced me that the presence of the anchors

and rosettes of racquet-shaped rods cannot be regarded as even a constant

specific character. The first intimation I received of this fact came when com-

paring some specimens of ''Ankyroderma dmiielsseni TheeV' \f\ih. others v^hich

I had identified as "Trochostoma violaceum (Studer)." I was struck by the

similarity in general appearance and in the calcareous deposits of the body-wall,

and my faith in the distinction between the two genera was shaken when I found

some of the racquet-shaped rods in a specimen of what I had called Trocho-

stoma. This led me to make numerous preparations from nearly all the speci-

mens, and the longer I compared them, the more I became convinced that they

all belong to a single species. Some are perfectly distinct specimens of T. vio-

laceum, and show not a trace of anchors or racquet-shaped rods, and others

agree perfectly with Theel's ('86a) description and figures of A. danielsseni.

Between these two extremes, however, there are several specimens which at

first sight would pass for T. violaceum, biit of which a careful examination

shows that here and there are scattered more or less imperfect groups of

racquet-shaped rods, and occasionally there is evidence of an anchor having

been present. My suspicion that Ankyroderma was untenable was thus con-

firmed, but it was made a certainty when I came to study the 150 or more speci-

mens of Ludwig's T. intermedium. These varied in length from 17 to 180 mm.

and showed all sorts of intermediate stages in the condition of the racquet-

shaped-rod rosettes. The smaller specimens (those under 60 mm.) all have a

very thin skin in which the colored bodies are light yellowish brown and the

rosettes with anchors are numerous. They are clearly Ankyrodermas and I at

first supposed they represented a new species of that genus. The largest speci-

mens (those from 100 mm. up) have the body-wall rather thick and firm, the
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colored bodies in the skin very numerous and deep red or brown, and, with one

exception, no anchors or rosettes. The specimens intermediate in size differ

greatly in the texture of the skin, in the quantity and shade of the colored

bodies, and in the presence, number, and condition of the rosettes. As a rule,

it is undoubtedly true that the larger the specimen, the thicker the skin, the

fewer and more imperfect the rosettes, and the darker and more numerous the

colored bodies. But there are many exceptions : some rather small specimens

show no trace of the rosettes, while some large specimens have the rosettes

quite common and occasionally nearly complete. It is noticeable that as the

rosettes begin to disappear, the number of rods become reduced and they begin

to be transformed into colored bodies. Theel ('86rt), Ludwig ('94), and others

have referred to this transformation of calcareous particles into colored bodies,

but in the specimens of intermedium before me, it is unusually well shown by

the racquet-shaped rods. The gradual disintegration of a complete rosette

with anchor into a heap of rounded colored bodies can be easily traced, and is

well shown in figures 5 to 12, Plate XII. Ludwig ('94) in his account of T. in-

termedium refers to the occasional presence of peculiar, scattered, racquet-

shaped rods, and figures one ; so that it is clear his experience was not greatly

different from mine. Moreover, in speaking of Ankyroderma danielsseni, Lud-

wig ('94, pp. 164-170) refers to the difficulty of deciding without very careful

examination whether a given specimen is an Ankyroderma or a Trochostoma, so

rare are the rosettes and anchors in some cases. As to the significance of these

facts, our knowledge is as yet too imperfect to draw any clear conclusions.

Chemical analysis of the deposits (see page 143) shows that the colored bodies

are radically different from the ordinary deposits in the skin. Both are possi-

bly connected with the process of excretion; biat why one should replace the

other, it is certainly hard to say. That the change is closely connected with the

age of the individual seems to me almost certain, though it must be remem-

bered that size in Echinoderms is not a sure criterion of age. It is interesting

to note that most of the species of Ankyroderma described have been less than

60 mm. long, while many of the Trochostomas range over 75. The discovery

that the presence of anchors and rosettes is not a constant feature of even a

given species, combined with the fact that in Trochostoma the calcareous plates

and tables are more variable and show greater individual diversity than in any

other genus of holothurians, makes the proper classification of the genus at the

present time almost hopeless. There may be some species in which the anchors

are present throughout life and there may be species in which they are never

present. In determining species, therefore, the presence or absence of anchors

and rosettes can only be considered as a secondary character, even if it can

wisely be taken into account at all. The name Trochostoma antedates Ankyro-

derma by two years and must therefore have the preference if either be used, but
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as a matter of fact both are synonyms of Cnvier's Molpadia. Although Cuvier's

diagnosis is very brief and is also erroneous, there can be no doubt that the

animal he had in hand was a specimen of what has since been called Trocho-

stoma; for he says it was from the Atlantic Ocean, and none of the other

genera to which his description might apply occur there. If we do not use

Molpadia in this sense, it cannot be used at all, and the name of the family

would consequently have to be changed. Since I have no doubt as to the group

of holothurians to which Cuvier intended to apply Molpadia, I should not con-

sider myself justified in rejecting his name.

As regards the remaining genera we are in difficulty, because of the very

incomplete characterization given them by their original describers and the sub-

sequent extensive emendations of later writers. The loss of the type specimens

increases the trouble. The small genus Eupyrgus is the best characterized of all

and seems to be a natural groiip. In 1840, Grube described Haplodactyla, a genus

which he characterized as having simple tentacles without digits. Curiously

enough, as Ludwig has shown, his type seems to have been a specimen of

M: musculus Eisso, and consequently Haplodactyla is a synonym of Molpadia. In

1868, Semper described a holothurian to which he very naturally applied the

name Haplodactyla, but unfortunately Grube 's name cannot be so used, if we

are to observe the modern rules of zoological nomenclature, and consequently

Semper 's species and its allies are without a generic name. As the tentacles

lack digits, we may call the group Aphelodactyla. In 1841, Gould described,

under the name Chirodota arenata, a remarkable holothurian from the coast of

Massachusetts, which Stimpson ( '53) later made the tyi^e of a new genus Cau-

dina. Unfortunately, Stimpson makes no attempt to define this genus or to show

how it differs from Molpadia, referring simply to Ayres' ('52rt) description,

which contains some glaring errors. However, owing to the type species being

well known, Caudina has been very generally accepted, and several other species

have been added to the genus. In 1850, Miiller described an interesting holothu-

rian which he called Molpadia cMlensis, and in 1868 Semper added M. australis.

The latter gave a revised diagnosis of the genus, based on his own and Miiller 's

work, and widely different from the original one of Cuvier. As defined by

Semper, Molpadia was distinguished from Caudina chiefly by the presence of

"retractor" muscles. As that character is one of very doubtful importance

among the apodous holothurians (see pages 52 and 144), the species included by

Semper and later writers in Molpadia belong rather in Caudina. One impor-

tant exception to this statement must be made, however, for Sluiter's ( :01)

species, M. demissa, is evidently quite unlike the others, and must be made the

type of a new genus, which may well be called Acaudina, from the absence of a

caudal appendage.
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Although many new species of apodous holothurians have been described

in the past 20 years, no new genera ascribed to either family have been named,
except in the rearrangement of the Synaptidas referred to above. It is remark-

able, therefore, that the collection from the National Museum should afford ex-

amples of two holothurians so extraordinary that they cannot be placed in any
known genus, and the definition of the Molpadiidce will have to be altered to

make it possible to enter them in that family. In order to lay out clearly the

plan of classification adopted in the present paper, it is necessary to introduce

these new genera at this point. The descriptions will be found later on (see

pages 39 and 40). One of these genera is based on four specimens from the

Western Atlantic Ocean, of which the largest is only 28 mm. long. Owing to

some curious lash-like dorsal papillae, I have given the name Himasthlephora

to this remarkable holothurian. It bears a striking resemblance to Gephyro-

thuria Koehler and Vaney ( :05),which is regarded by its describers as represent-

ing a new family (Gephyrothuridfe) of Aspidochirotae. A careful comparison

of Himasthlephora with the descriptions and figures of Gephyrothuria convinces

me that the two genera are very closely allied, if not identical. But it seems

clear to me that they are Molpadiidae and that the new family is quite uncalled

for. On account of the differences in the tentacles and the caudal appendage,

it seems best to keep the two genera separate for the present. The other genus to

be described is based on three specimens from Bering Sea, the general appear-

ance of which is not unlike "Trochostoma;" but the tentacles are extraoi'di-

narily different, and the name of the genus (Ceraplectana) is based on this

character. There are, therefore, eight genera of Molpadiidie recognized in the

present report.

The following table shows in outline the classification herein adopted and

the number of species recognized in each genus

:
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Families.



PART II.

THE APODOUS HOLOTHUEIANS OF THE UNITED STATES
NATIONAL MUSEUM.

The collection contains about 2,200 specimens, representing 43 species, of

which 2.3 are SynaptidiB and 20 are Molpadiidfe. There seem to be eight species

which have never been described, two of these representing new genera. The

collection is almost wholly from the American coast, and chiefly from the

Pacific coast of North America. Most of the specimens are in good condition,

but many of the Chiridotas, especially those from deep water, are almost worth-

less. The large series of specimens of Chiridota IcEvis and discolor, and of

Molpadia musculus and intermedia have been of the greatest value in attemptmg

to solve the problems connected with those perplexing genera. The following

are the species represented in the collection:

SYNAPTICS.

Synapta maculata (Chamisso and Eysenhardt).

There is a single specimen in excellent condition, collected at Cebu, Philip-

pines, by the "Challenger."

Euapta lappa (Miiller).

There are two large specimens from Great Sound, Bermudas, which are of

interest as the only specimens yet recorded from those islands.

Synaptula hydeifokmis (Lesueur).

There is a single small specimen of this species from Watling's Island,

W. I.

Leptosynapta dolabkifera (Stimpson).

There are six good specimens of this interesting species, from Port Jack-

son, New South Wales, the locality where Stimpson's tyiie was taken. There

have been no records of, or notes on, this species published since Stimpson's

original description; consequently these specimens are of the greatest value m

determining the relationships of the species.

Leptosyistapta iNHaiBENS (O. F. Miiller).

There are some 130 specimens from Woods Hole, Mass., and vicinity, 10

from New Haven, Conn., 155 from Newport, R. I., and 8 from Provincetown,

Mass There are four specimens from Point Loma, California, which show no

characters by which they can be distinguished from specimens from the
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Atlantic coast. There are also two fragments of a Synapta from Sitka, Alaska

(Eastern harbor, 16 meters, green mud), which is probably a young individual

of this species. These fragments are about 2 mm. in diameter, yellowish, with

scattered minute red spots. One is an anterior end and has 10 pinnate ten-

tacles, each with 7, 9, or 11 digits and 2 or 3 sense-cups. The calcareous ring

and particles in skin are like those of inhcerens, except that the anchor arms

are smooth. All of these peculiarities seem to me to indicate immaturity, but

the specimen is strikingly suggestive of Ostergren's Synapta decaria {q. v.).

An anterior end of a similar small syuaptid with 11 tentacles is in the collec-

tion labeled simply "Alaska," and confirms the opinion that the one from Sitka

is a young inhcerens. There is also a nicely preserved specimen from Bergen,

Norway. I am unable to distinguish satisfactorily between the specimens from

Alaska, California, Massachusetts, and Norway.

Leptosynapta ooplax (v. Marenzeller).

There are 18 specimens from Funafuti, of which the largest is about 200

cms. long. The calcareous particles are like those of Bedford's variety Icevis

from the Loyalty Islands, but there is no little diversity even in a single in-

dividual.

Labidoplax digitata (Montague).

There are two specimens from Trieste, Austria, of small size, but notable

for the large size of the anchors and plates near the posterior end of the body.

Many of the anchors are half a millimeter or more in length, but they do not

resemble the so-called "giant" anchors of this species. Sense-cups are pres-

ent on the tentacles, but I failed to detect a "giant" anchor anywhere.

Labidoplax dubia (Semper).

There are five specimens of this species taken off the coast of Japan by
the "Albatross" (Stations 3723, 3724, and 3770) in 23-81 m. They agree

perfectly with the specimens called "incerta var. variabilis," by Theel ('86a)

collected near Japan by the "Challenger." I fail to distinguish them from
dubia Semper in any other way than by the presence of sense-cups on the tenta-

cles, which Semper says were lacking in dubia. As he only had a single, mutilated

specimen, however, I cannot consider this difference of great importance. The
specimens before me are 60-70 mm. long and about 4 mm. in diameter, and are

of a dirty whitish color, though one specimen shows an evident reddish tint

dorsally. There are 5 or 6 sense-cups on each of the 12 tentacles, and 4 digits.

The anchors and plates are abundant ; the former are 200-265 fx long ; the latter,

180-235 M. The miliary granules are very scarce and usually have the ends

little, if at all, bent.
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Labidoplax thomsonii (Herapath).

A decalcified synaptid from Naples lacks sense-cups on the tentacles and

seems to be referable to this species.

Pkotankyka abyssicola (Theel).

Plate IV, Figs. 8-11.

A single strongly contracted individual of this species is in the collection,

dredged by the "Albatross" in 2,260 m. (St. 2382) in the Gulf of Mexico, lat.

28° 19' 45" N., long. 88° 01' 30" W. Fortunately the anterior end is uninjured,

and it is possible, therefore, to figure one of the tentacles and the calcareous de-

posits. These agree essentially with those described by Ludwig ('94) for the

closely allied species pacifica. The specimen is 65 mm. long and 5 mm. in

diameter, and the color is dark yellowish, with considerable reddish pigment at

base of tentacles, on the inner side. Anchors and plates are numerous on the

bivium, but are almost wanting on the trivium near the middle of the body,

though somewhat more common posteriorly. There are 7 polian vessels,

slender and nearly equal. The stone canal was not found. The genital glands

are small and somewhat branched. The anchors (700 fi long) have the teeth

on the flukes sharp, and not blunt, as figured by Theel. The plates (550 z^)

have the holes rather smooth or with several teeth. No miliary granules were

found.

Pkotankyka pacifica (Ludwig).

The type and co-type of Ludwig 's Synapta abyssicola var. pacifica from

"Albatross" Stations 3360 and 3381, off Panama, 3,009-3,189 m., are in the col-

lection. They are quite diifereut from abyssicola and are entitled to full spe-

cific rank.

Pkotankyka bkychia (Verrill).

Plate IV, Figs. 12-14.

There is a single headless fragment of this species, from 1,688 m. off

Cape Hatteras ("Albatross" Station 2111), lat. 35° 9' 50" N., long. 74° 57' 40"

W. Although not labeled, I suspect this is VerrUl's type, as it is from the same

locality and answers his description exactly. It is gray, 100 mm. long and about

9 mm. in diameter. There are two polian vessels and long branched genital

glands. The anchors and plates are similar to those in the preceding species, but

are much larger, a full mm. or more in length, and the flukes of the anchors are

more slender. Miliary granules in the shape of simple elongated discs or oval

rods occur along the radii. The anchors and plates are in approximately three

longitudinal rows in each interradius.
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Protankyra duodactyla, sp. nov.

(Su'w, two + ^KTvXa (poetic plural), fingers; in reference to the number of digits.)

Plate IV, Figs. 1-7.

Tentacles 12, well expanded, eacli with only 2 digits. Calcareous ring nar-

row, 1 mm. high, the radial pieces slightly higher and perforated for passage of

the nerve. Cartilaginous ring wanting. Polian vessels only 2. Stone-canal

single, of moderate size. Genital glands long and branched. Body rather stout,

cylindrical. Anchors 360 ju. long, similar to those of inhcerens, though the base

is somewhat wider. Plates 300 1>. long, unlike those of any known synapta, per-

fectly flat, usually with no bow, and with smooth holes. Two holes are much

larger and more elongated than the others, and lie side by side, with the smaller

holes more or less sjTnmetrically arranged at the two ends of the plate. One

end usually has many more holes than the other, and no two of the plates are

exactly alike ; many seem to be only partly developed. Miliary granules want-

ing, but there are numerous branched rods and perforated plates in the tenta-

cles. Color, uniform gray. Length, 60 mm. Diameter, 8 mm.

The specimen just described (type, Cat. No. 19,829, U. S. N. M.) was taken

at "Albatross" Station 2871, in 1,006 m., lai 46° 55' N., long. 125° 11' W., about

60 miles off Gray's Harbor, Washington. A second specimen, in very poor con-

dition, is in the collection, from lat. 54° 11' 30" N., long. 167° 25' W., 1,777 m.

In this specimen the plates are only 250 1^ long, and many of them have a

more or less incomplete bow on that end of the plate which has the more

numerous holes (fig. 5). The presence of only 2 digits allies this species to P.

bicornis (p. 101), but the plates are very different from those of that or any

other species.

Anapta fallax Lampert.

There are 2 incomplete specimens from off the southern coast of Chile,

"Albatross" Station 2784, lat. 48° 41' S., long. 74° 24' W., 350 m. Both are

anterior ends of small individuals, the oral discs being only 3 mm. in diameter.

Each has 12 tentacles with 7 or 9 digits. The minute elliptical rods are most

numerous along the radii, and the tentacles are richly supplied with slightly

curved rods, which are either smooth or rough. The color of these specimens is

pale yellowish brown.

CniEmoTA DISCOLOR Eschscholtz.

There are considerably more than 600 Chiridotas in the collection, which

almost defy classification, for though the largest specimens are easily separated

from the smallest, not only by size, but by color and general appearance, there

are almost all possible intergradations between the extremes. The largest

specimens are all from Alaska or Siberia, and are distinctly gray or creamy
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whitish in color. In life, the largest must have been over 30 cm. long and about

15 mm. in diameter, but most of the specimens of approximately the same color

and general appearance are much smaller, 10-15 cm. in length. The wheel-

papillae are usually in a single row, and that is apparently in the mid-dorsal in-

terambulacrum. These specimens, I believe, represent Eschscholtz 's species dis-

color, as shown by the habits as well as the habitat, for they are said to be

"common in mud, under rocks." Eschscholtz, however, says that discolor has

15 tentacles, 12 large and 3 small, while all the specimens I have examined (save

1 with 9) have 12 tentacles. Moreover, he says that there is on each of 3 inter-

radii a single row of large white spots (the wheel-papilliB, doubtless) ; while

most of the specimens before me have only one, many have none, a few have 2,

several 3, and one 5. In spite of these differences, the fact that this seems to

be the abundant littoral chiridota of Alaska makes it very probable that it is

the species Eschscholtz was describing. I have accordingly referred the fol-

lowing 207 specimens to discolor:

1 specimen from Arctic Ocean.

11 specimens from Alaska.

IG " " Nazan Bay, Atka, Alaska.

20 " " Atka Island, Alaska.

3
" " Port Etches, Alaska.

4 " "' Eobben Island, Siberia, 50 m.

1 specimen from Bering Island.

7 specimens from lat. 6.5° 25' 28" N., long. 171° 11' 26" W.

"Albatross" Station 2852, lat. 55° 15' N., long. 170° 33' W., 74 m.

2853, lat. 56° N., long. 154° 20' W., 286 m.
" " 2871, lat. 46° 55' N., long. 125° 11' W., 1,006 m.

2928, lat. 32° 47' 30" N., long. 118° 10' W., 750 m.

3077, lat. 55° 46' N., long. 132° 24' W., 580 m.

3227, lat. 54° 36' 30" N., long. 166° 54' W., 405 m.

3310, lat. 53° 56' 51" N., long. 166° 28' 53" W.,

104 m.

3324, lat. 53° 33' 50" N., long. 167° 46' 50" W.,

196 m.

3326, lat. 53° 40' 25" N., long. 167° 41' 40" W.,

1,037 m.

3329, lat. 53° 56' 50" N"., long. 167° 8' 15" W.,

720 m.

3439, lat. 57° 06' N., long. 170° 33' W., 74 m.

4227, near Naha Bay, Alaska, 111-117 m.

18
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wonld have been possible to distinguish at least two species, but at present such

division would be hazardous and of no advantage.

Chiridota eegalis, sp. nov.

{regalis, royal; in reference to the color.)

Similar in general appearance to discolor, but distinguishable at once by

the purple color. In some specimens the color is pale, but in most it is quite

deep, and in some it is a rich royal purple. The wheel-papilte are rather

numerous, but are confined almost wholly to the mid-dorsal interambulacrum,

although anteriorly a very few may occur in the lateral interambulacra. Aside

from the color, this handsome species differs from discolor and lavis in the pres-

ence of C-shaped deposits along the ambulacra. These deposits are similar to

those shown in figure 27, plate vn, and seem to be constantly present, although

not always abundant. They are not confined to the area of the longitudinal

muscles, but occur in the skin along each side of that region. The largest of

the specimens in the collection is upward of 200 mm. long.

26 specimens from "Albatross" Station 3695, south coast of Honshu Island, Japan, 198-428 m.

3
" " " " 3737, Suruga Gulf, Honshu Island, Japan, 290-300 m.

26 " " 2 stations.

CHiRrooTA L^vis (Fabricius).

Of the more than 400 Chiridotas remaining, there are some which are very

clearly representatives of Fabricius 's species, but there are others which are

quite different, although there are numerous connecting examples. The condi-

tion of the specimens makes a careful separation of species out of the question.

There are, however, 4 sorts of individuals which are fairly recognizable,

though not always so. The typical form is small, soft, pinkish, more or less

translucent, and has the wheel-papilhc in 3 rows dorsally, with some scattered

ones anteriorly on the ventral interambulacra. These are from water 5 or 7

m. deep, between Nantucket Island and High Duck (Grand Manan), off the

Atlantic coast of America. Others resemble these in the arrangement of the

wheel-papillae, but are much larger and are cream-colored or light gray; they

are from the Bay of Fundy, Labrador, and Anticosti. Still others have the

body-wall generally stiffer, and the color is more or less dirty brownish. These

are all from the Pacific coast of America, and may prove to be a distinct

species from those of the North Atlantic. The fourth sort are similar to the

latter, but have the wheel-papillte in a single row. They are also all from the

North Pacific. Since the Atlantic forms answer well to Duncan's and Sladen's

description of Fabricius 's species, I feel justified in calling them Iccvis, and

as I am not able to find any constant distinguishing characters, I have re-

ferred all of the following specimens to that species:
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1 specimen

3 specimens

40

26

1 specimen

1

3 specimens

50

350

2

3

10 "

10

2

4 "

9

4

419

from Anticosti.

from Labrador.

" the Bay of Fundy.
" between Nantucket (IST. B.) and High Duclv, in 5-7 m.

from "Albatross" Station 2866, lat. 48° 09' N., long. 125° 3' W., 308 m.

2922, lat. 32° 27' 15" N., long. 119° 5' 15" W., 85 m.

3070, lat. 47° 29' 30" N., long. 125° 43' W., 1,145 m.
" " 3193, lat. 35° 25' 50" N., long. 121° 9' 10" W.,

288 m.
" " " 3196, lat. 35° 2' 55" N., long. 120° 59' 40" W.,

360 m.

3210, lat. 54° N., long. 162° 40' 30" W., 869 m.

3326, lat. 53° 40' 25" N., long. 167° 41' 40" W.,

1,037 m.

3329, lat. 53° 56' 50" N., long. 167° 08' 15" W.,

720 m.
" " 333U, lat. 54° 0' 45" F., long. 166° 53' 50" W.,

632 m.
" " 3340, lat. 55° 26' N., long. 155° 56' W., 250 m.

" " " 3343, lat. 47° 40' 40" N"., long. 125° 20' W., 929 m.

3603, lat. 55° 23' N., 170° 31' W., 3,188 m.
" " 3607, lat. 54° 11' 30" N., long. 167° 25' W., 1,776 m.

" 17 different stations, mostly collected by the "Albatross."

Many of these specimens are in very poor condition, a large majority

having the calcareous deposits dissolved. It is practically ont of the question

to separate them and make more than a single species from the lot, although

it seems almost certain that there are at least three species included in this

mass of material.

Chiridota pisanii Ludwig.

There are three specimens from Gregory Bay, Strait of Magellan. The

wheel-papillae are very few, but there are many miliary granules along the

radii.

CHiErooTA EOTiFERA (Pourtales).

From Key "West there are 9 small specimens of this common tropical

species.

T^NIOGYRUS AUSTRALIANUS (StimpSOu).

There are five excellent specimens of this very interesting species in the

collection from Port Jackson, New South Wales. They show that Stimpson's

description is correct as far as it goes, and that the species is entirely distinct

from either contortus Ludwig or dunedinensis Parker. The specimens are yel-

lowish, 30-50 mm. long and each has 10 tentacles, with 5-6 pairs of digits.

The genital glands are distinctly branched, and there is a single polian vessel.
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The calcareous ring is very narrow, much as Dendy ('97) figures it for dune-

dinensis. The wheel-papillae are conspicuous in the three dorsal interradii,

especially anteriorly. The sigmoid bodies are also collected, on the dorsal

side, into little groups which appear to the naked eye as numerous small

whitish papillae.

T^NIOGYEUS CONTORTUS (Ludwig).

There are 3 specimens of this species from the Strait of Magellan,

"Albatross" Station 2771, lat. 51° 34' S., long. 68° W. They were dredged in

91 m., and measure 40-45 mm. long.

ScoLioDOTA JAPONiCA (v. Mareuzeller).

There is a single specimen in the collection, one of those taken by the "Chal-

lenger" at Port Jackson, New South Wales, and already described by Theel.

There can be no doubt that wheels are entirely wanting.

Myeiotrochtjs rinkii Steenstrup.

There are rather more than 600 specimens of this little holothurian in the

collection, from 10 widely separated points : Point Belcher, Arctic Ocean,

16 m., sand; off the banks of Newfoundland, lat. 45° 35' N., long. 55° 01' W.,

121 ra. ; Barden Bay, Inglefield Gulf, 18-72 m. ; Norway; Cape Smyth, Alaska;

Aberdore Channel, east of Alger Island; Point Barrow, Alaska; Greenland;

Kara Sea; and "Albatross" Station 3440, Bering Sea, lat. 57° 05' N., long.

170° 41' W., 86 m. The abundance of material from Bering Sea and the banks

of Newfoundland led me to make a comparison of the calcareous wheels of

the specimens from those points. These measure 164 to 328 m in diameter,

but average about 245 /j-, and the very great majority are near that figure.

The wheels of specimens from the banks average 16.5 spokes and 26.5 teeth on

the rim; the number of spokes, therefore, is about 0.62 that of the teeth. In

specimens from Bering Sea the average was 17 spokes and only 23.7 teeth, or

about 0.71. This difference was found in counting 10 wheels chosen at ran-

dom in each of 10 specimens from each locality. It is not probable, however,

that it really has any significance, as the number of spokes and teeth shows

such great diversity, and there is apparently no correlation between the two;

for although the wheel with the smallest number of spokes (12) had the small-

est number of teeth (16) and the wheel with the largest number of spokes (22)

had the largest number of teeth (30), wheels with only 15 spokes had as

many as 29 teeth—that is, a ratio of only 0.51—while others with 17 spokes

had only 18 teeth, or a ration of 0.94. In every case, however, there were more
teeth than spokes. It is interesting to compare these figures with those given

by Ostergen ( :03). He says the wheels of specimens from eastern Siberia aver-

age from 240 to 260 f-, while those of Norwegian specimens averaged 208-
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220 ; the American material is thus seen to be very similar in this particular to

the Siberian. The Siberian specimens, however, averaged about 20 spokes to

the wheel, while those from Norway had about 16 ; so, in this particular, Ameri-

can specimens are more like the Norwegian. The average number of teeth, as

given by Ostergren, is 26.5-29.3, which is decidedly more than in the American

material. The number of spokes is about 57 per cent of the number of teeth

in Norwegian specimens, about 62 per cent in Newfoundland specimens, about

71 per cent in Bering Sea material, and about 76 per cent in high Arctic speci-

mens. It seems quite possible, judging from these figures, to draw the conclu-

sion that the number of spokes tends to decrease toward the southern limit of

the range of MyriotrocJius rinkii.

MOLPADIID^.

MoLPADiA AFFiNis (Dauielssen and Koren).

In the same bottle with the two specimens of arctica from the Kara Sea,

labeled "boreale" (see page 32), was a third specimen, 75 mm. long, with a few

scattered colored bodies and numerous calcareous tables exactly like those

figured by Danielssen and Koren ( '82) for affinis; there are, however, no

anchors or rosettes. Although the status of affinis is not beyond question, this

specimen must for the present be referred to that species.

MoLPADIA AMOBPHA, Sp. UOV.

(aftop(^os, iiii.^i^hapen ; in reference to the imperfectly formed calcareous taWeH.)

Plate XIII, Figs. 14-23.

Body rather stout, the caudal region short; skin thin, but not delicate.

Ground color, gray, more or less spotted, flecked or blotched with dark pur-

plish; in some specimens the purplish predominates, especially toward the

anterior end, which may become almost uniformly dark; the oral disc and tail

are, however, always gray. Tentacles 15 (in two specimens there were only

U), each with 3 terminal digits. Calcareous ring as usual. Deposits of two

kinds, elliptical phosphatic bodies, and calcareous tables ;
elliptical bodies small

and dark purplish red, though some very small, yellowish-brown ones also oc-

cur; tables small and irregular, widely scattered in body-wall, but common

though not crowded, in the caudal region. They are very abortive, twisted and

incomplete, and it is upon this fact that I have based the name.

3 specimens from "Albatross" Station 2779, lat. 5G° 6' S., long. 70° 40' 30" W., 138 m.

1 specimen " " " 2783, lat. 51° 2' 30" S., long. 74° 8' 30" W., 220 m.

20 specimens " " " 2784, lat. 48° 41' S., long. 74° 24' W., 349 m. Types

_ and co-types. Cat. No. 19,866, U. S. N. M.

34 " " 3 stations.

The largest specimen is 140 mm. long (10 mm. is "tail") and 45 mm. in

diameter; the smallest is 52 mm. long aud 20 mm. in diameter. The specimens
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from station 2779 are very large and very deep purplish-red, excepting only

the oral disc and tail ; they thus bear a striking resemblance to some specimens

of oolitica.

The general appearance of most of the specimens, in form, color, and texture

of skin, distinguish them at once from any other species which I have seen, and

the scattered, very imperfect tables are also quite characteristic. The species

is probably most nearly related to Molpadia intermedia (Ludwig), but the

specimens from Stations 2783 and 2784 are easily distinguished from any

specimen of that species which has come under my notice, while those from Sta-

tion 2779 were identifiable by means of the infrequent, scattered misshapen

tables of the body-wall.

Molpadia Antarctica (Theel).

There are numerous specimens of this species, all but two from the vicinity

of Wellington Island, off the coast of Chile. The largest is 92 mm. long, while

the smallest is only 14. They all agree in having a very thin and delicate skin,

gray in color, but generally somewhat blotched with yellowish-brown, especially

dorsally and anteriorly; in some specimens there is a tinge of brown around

the caudal region. There are numerous calcareous deposits in the small speci-

mens, but in those over 30 mm. long, they are confined to the caudal region, and

in a specimen 35 mm. long they are scarce even there. In the large specimens

no trace of calcareous bodies could be found in any part of the skin. The de-

posits are similar to those in the following species ; the disc is in most cases

regular, and the spire is longest in the smallest specimens, where it sometimes

has as many as 7 cross-bars ; in older specimens the spire of the tables is

shorter and it may be wanting.

3 specimens from "Albatross" Station 2782, lat. 51° 12' S., long. 74° 13' 30" W., 464 m.

5
" " " " 2783, lat. 51° 02' 30" S., long. 74° OS' 30" W., 220 m.

2784, lat. 48° 41' S., long. 74° 24' W., 349 m.

2791, lat. 38° 8' S., long. 75° 53' W., 1,218 m.

18
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MOLPADIA ARENICOLA (StimpSOn).

Plate XII, Figs. 1, 2.

There are 8 specimens of this species in the collection, and they agree per-

fectly with Stimpson's description, except that the calcareous ring consists of

the usual 10 pieces found in the Molpadiid?e. The largest is about 120 mm.
long and 35 mm. in diameter, and the caudal portion is not abruptly narrowed,

though it is only 5 mm. thick at the extremity; although there are no deposits

in the skin of the body, there are numerous small, much-branched rods and per-

forated plates in the skin of the tail. In the smallest specimens, the calca-

reous particles are more abundant. The specimens are from San Pedro and

San Diego, California, and "Southern California." Some, if not all, were

picked up on the beach after storms.

MOLPADIA BLAKEI (Thecl).

There is a single specimen of this very well characterized form, from

"Albatross" Station 2383, Gulf of Mexico, lat. 28° 32' N. and long. 88° 6' W.,

2,126 m. It is of a light grayish-brown color and about 50 mm. long. The can-'

dal appendage is very short, there are no colored bodies, and the remarkable

tables are veiy abundant, though not crowded.

MoLPADIA GRANULATA (Ludwig).

Ludwig's type and three co-types, from "Albatross" Stations 3361 and

3399, off Panama, 2,648-3,132 m., are in the collection, but there are no other

specimens.

MOLPADIA INTERMEDIA (Ludwig).

Plate XIT, Figs. 5-15.

This is apparently the common Molpadia of the eastern Pacific, for there

are no less than 143 specimens before me, collected at various points from the

28th to the 56th parallel, and at depths ranging from 52 to 2,925 m. They

vary in length from 17 to 105 mm., with corresponding variety in form, texture

of skin, and color. The smallest specimens are gray, and the yellowish-brown

ellipses in the skin are so small and scattered they only become visible under the

microscope; the skin is very thin and delicate and abundantly supplied with cal-

careous bodies, the tables characteristic of the species, and the rosettes and

anchors supposedly characteristic of Ankyroderma. The largest specimens

have the ground color gray, but this is more or less completely hidden by the

reddish-brown color, caused by the very numerous "ellipses"; the skin is mod-

erately thin but firm; the calcareous bodies are in nearly all cases simply the

tables, but not infrequently the last browning remnants of a rosette are found,

and occasionally more or less complete rosettes and anchors occur. Between
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the two extremes all possible intergradations occur, and it seems almost beyond

question that the small specimens are the young, the large specimens the adults.

Ludwig had only 5 specimens before him for his description, and all

were over 48 mm. long, but he speaks of the very thin skin of the smallest and

of the presence of rare, scattered, perforated rods, like those which make up

the rosettes of Ankyroderma, though he did not find any rosettes or anchors.

lat. 28° 12' N., long. 115° 09' W., 79 m.

lat. 34° 06' N., long. 120° 02' W., 95 m.

lat. 34° 20' 30" N., long. 119° 37' 50" W.,

48 m.

lat. 34° IS' 30" N., long. 119° 41' W., 110 m.

lat. 34° 19' 30" N., long. 119° 44' 15" W.,

122 m.

lat. 47° 55' 30" N., long. 122° 27' W., 243 m.

lat. 35° 25' 50" N., long. 121° 09' 10" \V.,

288 m.

lat. 35° 14' N., long. 127° 07' W., 454 m.

lat. 35° 02' 55" N., long. 120° 59' 40" W.,

48 m.

lat. 53° 55' N., long. 170° 50' W., 1,859 m.

lat. 56° 12' N., long. 172° 07' W., 2,925 m.

lat. 54° 1' 40" N., long. 166° 48' 50" W.,

630 m.

lat. 7° 30' 36" N., long. 78° 39' W., 1,314 ni.

lat. 23° 59' N., long. 108° 40' W., 1,791 m.

lat. 36° 44' 45" N., long. 120° 57' W., 122 m.

lat. 54° 54' N., long. 168° 59' W., 2,522 m.

lat. 36° 45' N., long. 121° 53', 122 m.

lat. 36° 45' N., long. 121° 53', 162 m.

no record.

off Honshu Island, Japan, 295 m.

off Honshu Island, Japan, 300 m.

off Honshu Island, Japan, 103 m.

8



THE APODOXJS HOLOTHURIANS 35

tross" Station 2925, lat. 32° 32' 30" N., long. 117° 24' W., 610 m., is only 18

mm. long, but, imlike Ludwig's specimen of the same size, it is well supplied

with anchors!. Koehler and Vaney (:05) are convinced that Ludwig's spinosum

is only a form of the widespread muscidus, and although I think there is room

for doubt on the point, I defer to their opinion, as they have had more material

for study.

The form of musculus known as violacea Studer seems to occupy in the

Southern Pacific the place that M. intermedia does in the northern, but has an

even more extended range, as there are specimens before me from lat. 32° 44'

N. and nearly 52° S., and not less than 16 intermediate stations, at depths of

220-3,229 m. These specimens vary in size from 20 x 8 mm. to 100 x 20, and in

color from pale gray, with a few small scattered reddish or purplish spots, to

deep wine red, though all the specimens have the oral disc and tail pale gray.

There is also great diversity in the shape, abundance, and arrangement of the

calcareous bodies ; they are most irregular and scattered in the smallest speci-

men and most regular and transversely arranged in the largest. A few of the

specimens seem to have no rosettes and anchors and correspond exactly to the

descriptions of violacea; others have the browned remains of rosettes, and

many others have more or less complete rosettes and anchors present and cor-

respond admirably to Theel's description of Anhyroderma danielss eni. I am

therefore led to the conclusion that the ankyroderma individuals are probably

the young, losing their calcareous particles as they grow older; but the evi-

dence is not indubitably convincing.

6 specimens from "Albatross" Station 2781, lat. 51° 53' S., long. 73° 41' W., 626 m.

2782, lat. 51° 12' S., long. 7-1° 13' 30" W., 464 m.

2783, lat. 51° 02' 30" S., long. 74° 08' 30" W., 220 m.

2784, lat. 48° 41' S., long. 74° 24' W., 349 m.

2923, lat. 32° 40' 30" K, long. 117° 31' 30" W.,

1,480 m.
« 2925, lat. 32° 32' 30" N., long. 117° 24' W., 610 m.

3361, lat. 6° 10' N., long. 83° 6' W., 2,648 m.

3362, lat. 5° 56' X., long. 85° 10' 30" W., 2,115 m.

3366, lat. 5° 30' N., long. 86° 45' W., 1,921 m.
« " 3381, lat. 4° 56' N., long. 80° 52' 30" W., 3,190 m.

3382, lat. 6° 21' N., long. 80° 41' W., 3,229 m.

3393, lat. 7° 5' 30" N., long. 79° 40' W., 2,286 m.

3398, lat. 1° 7' N., long. 80° 21' W., 2,831 m.

3399, lat. 1° 7' N., long. 81° 4' W., 3,132 m.

3407, lat. 0° 4' S., long. 90° 24' 30" W., 1,593 m.

« 3418, lat. 16° 33' N., long. 99° 52' 30" W., 1,188 m.

3439, lat. 22° 30' 30" N., long. 107° 1' W., 1,654 m.

. " 3637, lat. 32° 44' N., long. 119° 32' W., 1,397 m.

87 specimens from 18 stations.

1
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MoLPADiA ooLiTicA Pourtales.

There are three specimens of a Molpadia in the collection, which answer

admirably to Pourtales' description of oolitica, of which borealis Sars is al-

most certainly a synonym. It is probably true in this species, as in others, that

the older the specimen, the more elliptical bodies and the fewer tables it will

have. The specimens before me are all large, 100, 110, and 122 mm. in length,

and dark-colored; one is reddish with small gray patches; another is very dark

reddish, with very little gray, and the third is so dark a red it is almost black.

In all, the oral disc and the tail are almost white, as they are free from the

elliptical bodies which give the color to the body. There are apparently no

tables present. The three specimens were all taken by fishermen from Glouces-

ter, on the banks of Newfoundland. There is also in the collection a small

molpadid, labeled "Ankyroderma jeffreysii. Norway," which has at some time

been completely desiccated. It is impossible now to determine its identity,

but if it is correctly labeled it may be included here, as jeffreysii is very prob-

ably the young of oolitica.

Molpadia pakva (Theel).

The thin-skinned molpadids from the Caribbean Sea, referred by Theel to

antarctica, and two varieties of arctica, are represented in the National Mu-

seum collection by nine specimens, "\^^lile their relationship to arctica is ob-

vious, they seem to be clearly and constantly different, and I therefore adopt

for them the first of the varietal names suggested by Theel. I do not think,

however, that the variety ccerulea is sufficiently well marked or constant to

warrant its separation.

1 specimen from "Albatross" Station 2106, lat. 37° 41' 20" N., long. 73° 3' 20" W.,

2,605 m.

8 specimens " " " 2144, lat. 9° 49' N., long. 79° 31' 30" W., 1,613 m.

Caudina abenata (Gould).

There are 3 specimens of this well-known species from off Cuttyhunk

Island (Mass.), in 33 m., the largest 50 mm. long. There are 173 specimens

of all sizes, labeled simply "Massachusetts Bay," and a single greatly con-

tracted specimen from "Fish Hawk" Station 1617. From "Albatross" Sta-

tion 3767, off the coast of Japan, 25-32 m., there is a completely desiccated

molpadid, the calcareous particles of which are exactly like those of arenafa.

•I am unable to avoid the suspicion that there is some mistake about the label.

If not, arenata or a very closely allied species occurs in Japanese waters.
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Caudina albicans (Theel).

There are 3 specimens from "Albatross" Station 2111, 35° 9' 50" N. and

74° 57' 40" W., 1,678 m. ; 1 from Station 2677, 32° 39' N. and 76° 50' 30" W.,

860 m. ; and 1 from Station 2682, 39° 38' N. and 70° 22' W., 1,807 m. As no con-

necting links between this well-marked form and the preceding are known, it

is hard to see why albicans should not rank as a distinct siDeeies, instead of a

variety (armata) of arenata, as Theel ('86&) described it. The specimen

from Station 2682 is labeled "Trocliostoma albicans, det. A. E. Verrill." The

identification appears to be correct, but I am unable to find any satisfactory

ground upon which that sjiecies can be distinguished from Caudina arenata

armata; certainly the calcareous particles are identical. The name albicans

antedates armata.

Caudina californica Ludwig.

Besides the type specimen from "Albatross" Station 3434, Gulf of Cali-

fornia, 2,858 m., a larger molpadid, labeled " Southern California probably,

"

is in the collection, which is doubtfully referred to this species ; it is in poor

condition and the calcareous deposits are mostl^^ dissolved. There is also a

much smaller specimen, from Station 2838, otf Lower California, 85 m., which

seems to be a young californica. The numerous plates are smaller, more

svTTimetrical and with fewer perforations than in the type, but they are dis-

tinctly knobbed or provided with blunt spines. The differences seem to me

such as might be expected between the plates of a young and an old individual.

Caudina planapertuea, sp. nov.

{plana, even, -j- apertura, openings; in reference to the smooth calcareous plates.)

Plate IX, Figs. 6-8.

Tentacles 15, each with 4 long digits. Calcareous ring not very stout, the

posterior prolongations of the radial pieces not very prominent and rather

pointed. Polian vessel single, long. Stone-canal single, lying in the dorsal

mesentery. Eesi3iratory trees long and delicate. Genital glands branched and

containing very large ova. Body elongated, tapering into the slender tail,

which is more than one-third of the total length. Calcareous particles in the

skin smooth, or slightly knobbed, plates perforated with many smooth holes.

Color gray, with minute light brown blotches, which are so numerous on the

back as to give a faint brown tinge to the dorsal side. Length, 67 mm., of

which the caudal portion is 27 ; diameter of body, 12 mm. ; of tail, 3.

This species resembles C. arenata superficially, but is easily distinguished

by the very characteristic plates in the skin. It differs from C. californica in

having the plates smaller, much less numerous, and nearly or quite smooth.
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There are 4 specimens (Cat. No. 19825, U. S. N. M.), collected by the "Alba-

tross" (Station 2784) near the southern part of Wellington Island, Chile, lat.

48° 41' S., long. 74° 24' W., 349 m.

Caxtdina obesacauda, sp. nov.

{ohesa, fat, + cauda, tail; in reference to the stout caudal appendage.)

Plate IX, Figs. 1-5. .

Tentacles 15, each with 4 sharply pointed digits. Calcareons ring stout,

the posterior prolongations of the radial pieces very prominent. Polian vessel

single, long. Stone-canal single, small. Filaments of the genital glands very

long and unbranched. Body stout, the tail not abruptly narrow. Calcareous

particles, cups closed with a cross, similar to those of C. coriacea, but the

knobs are not so prominent. The anal papilte are crowded with modified cups

and irregular perforated plates, and do not seem to have any such deposits as

those figured by Theel (and called "characteristic") from the anal papilhe of

coriacea. In the tail, however, the deposits are very much crowded, heavily

knobbed, and nearly spherical, and the holes are almost obliterated. Color,

pale brown. Length, 115 mm., of which the tail is about one-third ; diameter

of body at middle, 30 mm. ; of tail near base, 20 mm. ; near middle, 12 mm., and

near tip, 4 mm.

There is a single specimen (Cat. No. 19823, U. S. N. M.) of this large and

notable species, bearing only the label "Marco, Florida." It is very obviously

different from arenata, the common Atlantic species, but it is closely related

to coriacea of the western Pacific. It differs from that form, however, in the

shape of the body and in the calcareous particles of the caudal portion. If the

label is correct, it is curious that this new species should find its closest ally

in a species of the western Pacific. There is a small Caudina from Galveston

Bay, Texas, which seems to be of this same species, but as it has at some time

been completely desiccated, it is past accurate determination.

Caudina contkactacauda, sp. nov.

{(oniracia, made abruptly smaller, -\- cauda, tail; in reference to the form of the caudal

appendage.)

Plate IX, Figs. 9-13.

There is a single remarkable specimen of Caudina from the Aleutian

Islands, "Albatross" Station 3600, lat. 55° 06' N., long. 163° 28' W., taken in

16 meters of water (Cat. No. 19824, U. S. N. M.). It is 70 mm. long, of which

a little more than one-third is "tail," though the terminal portion is broken

off. The greatest diameter, 24 mm., is just before the body suddenly con-

tracts to form the caudal portion, which is 10 mm. in diameter at the base

and 5 near the tip. The color is very pale brown, the body wall thick and
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firm, partially due to its being strongly contracted. The tentacles and internal

anatomy are not peculiar, but like those of any Caudina. The posterior pro-

longation of the radial pieces of the calcareous ring are only moderately long.

The calcareous particles in the body wall are cups closed by a cross, as in

coriacea and obesacauda, but very few of them are symmetrical and even these

are apparently without knobs. In fact, the vast majority of the cups are very

irregular and incomplete.

Although this Caudina resembles both coriacea and obesacauda, the differ-

ences in the calcareous deposits, coml)ined with the different shape of the

body and the geographical isolation of the species, are sufficient to warrant its

recognition.

EuPYKGUs SCABEB Ltitkcn.

There is an excellent specimen of this interesting little species, from off

the coast of Alaska, "Albatross" Station 2852, 105 m. It agrees well with

typical specimens, and I think there can be no doubt of its specific identity. It

is of particular interest because the species has not been recorded hitherto from

west of Greenland, and its occurrence near Alaska would seem to indicate a cir-

cumpolar range.

CERAPLECTANA, gen. nov.

((cepao's, horny, + TrXeKTavai^ ffelers; in reference to the extraordinary tentacles.)

Tentacles 10, simple, unbranched, horny, and pointed, provided with normal

ampullip. Body nearly cylindrical, but tapering posteriorly into a well-de-

veloped caudal appendage. Radial pieces of calcareous ring with marked, but

not deeply forked, posterior prolongations. Calcareous dei^osits in the form

of irregular branched plates or straight rods, perforated near the middle, and

usually with a single, sharp, outwardly directed spine. Phosphatic deposits

present.

The type species of this genus is the following:

Ceraplectana tbachyderma, sp. nov.

{Tpaxvi, rough, + Sep/ua, skin; in reference to the prickly body surface.)

Plate XIII, Figs. 5-13.

Color gray, flecked with numerous patches of red brown. Tentacles 10,

almost the shape and color and nearly the size of apple seeds, arranged one

pair in each interradius. The ampull;T3 are reasonably long. The respiratory

tree divides some distance from the cloaca, and the left branch is very short.

Deposits differ somewhat in different specimens. In the smallest the ellipses

are small, pale yellowish brown, and occur singly or in groups of three, while

the calcareous particles are fairly crowded, irregularly branched rods, flat and
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wiile, anrl perforated near the middle by several holes, among which there is

usually a single outwardly directed sharp spine. In the large specimen the

ellipses are reddish brown and are collected in jiatehes, while the rods are

nearly straight, without a spine, and cr.owded at right angles to the axis of the

body. The third specimen has deposits intermediate between the other two.

Length of body, 63 mm. x 20 in diameter; tail broken; in another specimen the

body is 30 x 10 and the tail is an even 10 more.

Three specimens from "Albatross" Station 3603, lat. 55° 23' N. and

long. 170° 31' ^Y., 3,188 m. (Cat. No. 19860, IT. S. N. M.)

This remarkable species is so easily recognized by its peculiar tentacles that

it cannot be confused with any other.

HIMASTHLEPHORA, gen. nov.

(IfidcrOXi] ^ thong of a wliip, + </>opo's, bearer; in reference to tlie reniarkalilc dorsal ajjpendages.)

Tentacles 15, each with 4 digits, of which the terminal pair are the larger;

without ampulla". Body nearly cylindrical, rather stout, terminating abruptly in

a long, slender, caudal portion. Mid-dorsal interambulacrum with 4-6 whiplash-

like papilla?. Eudimentary pedicel-like oiitgi'owths near both the anterior and

posterior ends of the body. Genital papilht? prominent, 2 mm. or more in

length. Eespiratory trees small and delicate. Longitudinal muscles simple,

flattened, and unpaired. Calcareous ring of 10 pieces, rather stout and syn-

apta-like, with no posterior prolongations. No calcareous or phosphatic de-

posits in the skin. Careful examination of two specimens failed to show a stone-

canal.

The type species of this genus is the following:

HiMASTHLEPHORA GLAUCA, Sp. UOV.

(yXui'Kos, gray; in reference to the color.)

Plate XIII, Figs. 1-4.

Color light gray; tentacles and papilla? brownish. Length, 28 mm., of

which nearly a third is tail ; body 8 mm. thick. Genital glands noticeable as tufts

of numerous, thick, unbranched tubes, one on each side of mesentery, 3-4 mm.
back of calcareous ring. The papillae in mid-dorsal interambulacrum are 4-6

in number and 5-6 mm. long. There appear to be 5 clusters of pedicel-like pro-

jections at the posterior end of the body, at the base of the caudal appendage,

and there are rudimentary pedicel-like processes scattered about the anterior

end also. Calcai'eous particles in the skin are wanting, but were possibly dis-

solved by impure alcohol, as the specimens were collected in 1886.

There are 4 specimens of this most remarkable and interesting holothu-

rian, which were dredged by the "Albatross," Station 2678, in 1,316 m. off the



THE APODOUS HOLOTHURIANS 41

coast of Georgia, lat. ZT 40' N., long. 76° 40' 30" W. (Cat. No. 14726, U. S. N.

M.). The general appearance and the teirtacles are exactly like the other Mol-

padids, and the absence of true pedicels confirms the relationship to those

forms, especially since Gerould ('96) has shown the presence of rudimentary

subcutaneous pedicels in Cauclina arenata.. The papillae in Himasthlephora are

shown by sections (figs. 3 and 4) to be provided with ampulla?, which are con-

nected with the radial canals, but the rudimentary pedicels do not seem to have

any such connection. The radial canals, moreover, apparently terminate at the

base of the tail instead of at the tip, as in Caudiua, although in neither of the

two specimens sectioned was this positively determined. In the form and ar-

rangement of the longitudinal muscles (see the section of one- in fig. 4) there

is a resemblance to the Synaptidse; but as a very similar arrangement occurs

in Eupyrgus (Plate XII, fig. 27), it is not unique among Molpadids. It is very

probably a primitive character, retained by Himasthlephora, which on the

whole is apparently nearer the pedate ancestor of the apodous holothurians

than any of the genera hitherto known except perhaps Gephyrothuria, its rela-

tion to which is discussed on page 184.



PART III.

THE SYNAPTID^.

Order PARACTINOPODA Ludwig.

External appendages of water-vascular system arise from circular canal

and appear only as circumoral tentacles. While five of these are radial in posi-

tion, no true radial canals are present in adults.

Family SYNAPTID^ Burmeister.

More or less cylindrical elongated holothurians with terminal mouth, with-

out respiratory trees and with water-vascular system greatly reduced; cir-

cumoral tentacles, either simple, pinnate, or digitate, are present but lack am-

pullce; there are no pedicels or papillaj; circular muscles of body-wall contin-

uous, i. e., not broken or interrupted at radii; characteristic sense-organs

(positional organs) i^resent, situated beside radial nerves, near nerve ring;

minute ciliated funnels, apparently having an excretory function, usually pres-

ent in body-cavity on or near mesenteries; calcareous deposits, in form of

anchors and plates, wheels or sigmoid bodies usually present, but no tables or

phosi3hatic deposits (see
i3. 142) occur.

MOBPHOLOGY.

Form and size.—The body is generally elongated and more or less cylin-

drical, but the exact shape and proportions differ in different species, and,

owing to its remarkable contractility, its form differs greatly in the same indi-

vidual under varying conditions. The largest species in the family is Synapta

inaculata, which reaches a length of more than 200 cm., though the diameter is

not commonly more than 3 cm. The smallest species is Leptosynapta minuta,

which is only 3 to 5 mm. long. Between these two extremes we find great di-

versity, but species more than 30 or less than 3 cm. when fully grown, are in-

frequent.

Color.—In color there is some variety, but really bright colors are rare;

white, flesh-color, dull yellowish, and gray are the more usual shades, but dull

shades of red are common. Protankyra rodea is said to be "carmine-red" and

Scoliodota japonica "blood-red." Green is occasionally found in an olive, or

some other dull shade, but the bright shades are rare. Some species are very

dark-colored, and have been described as "crimson-black," "dark violet-black,"

and "brown." The color is seldom uniform, but spots and little ])apilhe

—
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Pp.ATE U.

Figure 1. Anapta gracilis Semper.

2. Protankyra similis (Semper).

3. Chiridota rigida Semper.

All natural size and from Semper, 186S.
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white, brown, or red—are often quite thickly scattered over the body. Fine

lines of a darker shade often ornament the skins of gray and brown species,

and occasionally longitudinal stripes are present. Large irregular blotches of

darker or lighter shades often variegate the color. A few species are colored

more darkly on one side than on the other, and this is probably due to their

manner of life. Subterranean species are usually white or nearly colorless,

while species which live about reefs are apt to be gray or brown, and those

which live among living corals are generally the bright-colored forms. The

color is due, at least in large part, to the presence or absence of pigment cells

in the connective tissue of the body-walls. These cells are irregularly radiant

in shape, and may be scattered or closely crowded. In Synaptula hydriformis

the green color is due in some measure to unicellular algffi in the connective tis-

sue. The chemical composition of the pigment varies considerably; in some

species pure alcohol does not affect the color, while in others the pigment is

dissolved by it; acids and corrosive sublimate dissolve or modify the pigment

rapidly. White spots are very frequently due to the aggregations of miliary

granules or other calcareous bodies in the skin. Complete absence of pigment

tends to make the body-wall transparent, and the longitudinal muscles then

stand out as five prominent opaque bands. Even in dark-colored species, the

position of these muscles is often indicated by a darker (or lighter) longitudi-

nal stripe.

Body surface.—The surface of the body in the Synaptid* is almost always

more or less rough, and is seldom smooth and slimy, though there are glands

in the epidermis. The roughness may be due to the small, usually crowded, and

regularly arranged projections of the body-wall itself, known as verruca:, or to

the calcareous bodies, single or in heaps. Verruca^ vary greatly in size and

prominence, according to the size of the animal and the amount of contraction

of the body-wall. In the larger species, they may be very prominent, 5 or 6

mm. high, and 6 or 8 in diameter; in such cases, they generally form regularly

transverse and longitudinal rows, the latter usually 10 in number. These large

vermes are by no means constant in size and form and seem to be dependent

on the condition of the animal. They may be large, small, or wholly wanting in

individuals of a single species (see Plate I), and, in Euapta lappa at least, in

a single individual at different times. It is probable that their presence is

due to unusual musciilar contraction brought on by abnormal external condi-

tions. Their presence or absence is therefore not a character which is of any

taxonomic importance. True verrucc-e are much smaller and usually much

more nmnerous, sometimes as many as 500 to the square centimeter. They

usually contain calcareous deposits and oftentimes pigment. The largest and

most noticeable verruca} occur in the genera Sjmapta and Euapta, but the

smaller ones are found in Leptosynapta, Synaptula, and Ta?niogyrus. They are
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generally wanting in other genera. In most Synaptids the calcareous particles

are not of sufficient i^rominence to affect tlie appearance of the body surface, but

in those species in which the anchors are more than 250 /x in length, or where

the calcareous bodies are accumulated in special heaps (as the so-called "wheel-

papillai" of Chiridota), the surface may become rough and even very prickly,

not only to touch but to sight. The degree of roughness depends to no little ex-

tent on the amount of contraction of the circular muscles of the body-wall, and

is almost always more noticeable in preserved than in living specimens. In

Trochoderma the body-wall is firm and stiff from the crowded calcareous de-

posits.

Tentacles.—The number of tentacles varies from 10 to 27, but it must be

borne in mind that the number in the young is at first five, and that thereafter

the number varies with the age of the animal, certainly until sexual maturity is

reached, and in some eases possibly thereafter. In some species there is a dis-

tinct 7-tentacled stage, while in others the second quintet of tentacles appears

simultaneously, and we have a 10-tentacled larva. After that it is probable the

tentacles appear singly or in pairs ; they certainly do in the 12-tentacled spe-

cies, whose development is known, but we have no knowledge of the develop-

ment of any species with more than 12 tentacles. Now these facts have an im-

portant bearing on what we are to consider the normal number of tentacles

in a given species. Where a large numljer of mature individuals have been ex-

amined, the normal number of tentacles is not difficult to determine, but where

only a few individuals, and some or all of those obviously immature, have been

available, it is clear that we cannot decide positively on the number for that

species. Unfortunately, comparatively few species are sufficiently well known to

make our knowledge on this point satisfactory. Although 10 tentacles are char-

acteristic of Rhabdomolgus, Trochoderma, and Trochodota, and of some species

of Synaptula, Leptosynapta, Protankyra, Tamiogyrus, and Myriotrochus, few

of these latter forms are sufficiently well known to put the matter beyond dis-

pute. One species of Labidoplax {hushii) has constantly only 11 tentacles, and

since many specimens have been examined, this is probably the normal number.

Many Synaptids have the number of tentacles constantly 12, and individual

specimens of these species not infrequently have 13. Several species have been

described as having 13 tentacles, but all are known from only a few specimens,

and it is quite possible that 13 is not the normal number. Many species have 15

tentacles, and individuals of these may have 13, 14, or 16 instead of the normal

number. Several species have been described as having 16, 17, 18, or 19 tenta-

cles, but all are East Indian forms, and not one can be said to be satisfactorily

known. It is very probable that the normal number for these species will be

found to be 20 or possibly 18. It is rather remarkable that not one authentic

species is known with 20 tentacles, though one or two have been so described.
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The gemis Polyplectana has more than 20; the normal number is probably 25,

but individuals with as many as 27 are known, and it is common to find speci-

mens with less than the normal number. In regard to the arrangement of the

tentacles, when 10 are present there are 2 in each interradius; when 12 are

present, the right and left dorsal interradii have 3 each; when 13, the addi-

tional tentacle is either in the mid-dorsal or in one of the ventral interradii;

when 15, there are 3 in each interradius. We have no information in regard to

the arrangement of the tentacles in the species with more than 15 tentacles.

The shape of the tentacles differs very markedly, but they are usually provided

with finger-like outgrowths called digits. Rhabdomolgus is the only genus in

which there are no distinct digits whatever. In all other Synaptids there are

always at least 2 digits, one on each side, and the number may be as great as

30 on each side. In many cases the tentacles are truly pinnate (Plate VI, fig.

19), having a tapering shaft with the digits arranged in a simple row along

each side. Those near the middle are the oldest and usually the longest, new

digits being formed at both ends of the shaft as the animal grows. In some

cases the tentacles are very short, and the few digits (2 or 4) arise at the tip

end, from what is nearly a common source; such tentacles are called digitate.

In the Chiridotinas we have an arrangement of the digits along the margin of

a flattened disc which occupies the upper and outer side of the tentacle. The

longest digits are at the top, the youngest and smallest at the lower, outer end.

Such tentacles are sometimes called peltafo-digitaie. When contracted, the two

sides of the disc fold toward each other outwardly, and, tlms folded, the whole

disc can be withdrawn more or less completely into the base of the tentacle.

The tentacles are sometimes connected with each other at their bases by a

more or less evident membranous fold, and in some species the digits are

united to each other in a similar manner. So far as known, the tentacles of

adult Synaptids are always of equal size. The cases which have been recorded

where such was not the case are clearly young individuals, or the observer has

been deceived by the unequal contraction of the tentacles. The tentacles are-

always hollow, containing, as they do, the tentacular canals of the water-vascu-

lar system. The wall of the tentacles is made up of a thin cutis overlying a

layer of epithelial cells, beneath which is a connective tissue layer—an arrange-

ment essentially the same as in the body-wall. Any calcareous particles pres-

ent in the tentacles lie in the connective tissue. The cavity of the tentacle is

lined with a thin epithelium, and between this and the connective tissue occur

the muscles. Longitudinal muscles are always present, so far as synaptid

histologj'' is known, but the presence of circular muscles is a disputed point.

They are certainly absent in some species, but seem to be present in Labido-

plax digitata and perhaps in some others. The digits of the tentacles have the

same structure as the tentacle itself, but the central cavity which each one con-
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tains is, in some species at least, entireh^ cut off from the tentacular canal

(Plate VI, figs. 19 and 20). At the tip of the tentacle the epithelium is much

thickened, especially on the outer side, and the thickening probably serves as

a special organ of touch. There are no tentacle ampulla? in any of the Syn-

aptidiv. (Seep. 147.)

Sense-okgans.—The sense-organs of Synaptids are of four very distinct

sorts—light-detecting, positional, gustatory, and tactile organs. The light-

detecting organs, or eyes, are known in only a comparatively few species, and

their function has been a matter of some dispute. They are best known in

Synaptxila liydriformis, where at least they are simple eyes (Plate VT, fig. 15).

They are situated, a pair at the base of each tentacle, and consist of a distinct,

rather horny mesodermal layer, containing scattered nuclei, overlying the

swollen end of a large nerve, which arises on each side from the circumoral

ring at the base of the tentacle nerve. The ends of these nerves are made up

of nerve cells of considerable size with big nuclei, which are somewhat swollen,

and are apparently vacuolated at their outer extremities. They are polygonal

in outline when seen in cross-section, and the inner ends taper off into fibers

which run out into the nerve. The mesodermal covering, which also has the

appearance of being vacuolated, is clearly a continuation of the thin mesoderm

layer which surrounds all the nerves. The eyes are about 60 /n in diame-

ter, the mesodermal covering being rather more than one-tenth as thick. The

pigment, which is contained in the mesodermal covering, is at first bright green,

but gradually becomes deep reddish brown, so that the eyes look like small

brown spots. In some instances it has been shown that the so-called "eye-

spots" are simply clusters of "wandering cells" and are not supplied with

special nerves, and are therefore of course not sense-organs at all. The posi-

tional organs are generally, though incorrectly, called "auditory vesicles," or

"otocysts." They are known to occur in a number of species of Leptosynapta,

Synaptula, Protankyra, Labidoplax, Chiridota, Myriotrochus, and Acanthotro-

chus, and no Synaptid is known to lack them. They are spherical sacs situated

just outside the calcareous ring, one on each side of each radial nerve, with

which they are connected by small nerves. They differ greatly in size, those

of Synaptula liydriformis (Plate VI, fig. 16) measuring only 60 or 70 /* in diame-

ter, while those of Labidoplax digitata are sometimes as much as 210^. They

are lined with cilia and filled with fluid, and contain one or more little spheres,

which are kept in active movement by the action of the cilia. These spheres are

heavier than the fluid in which they lie, and constantly tend to sink to the lowest

part of the sac, and by contact with the cilia give rise to sensations of changed

position. Whether these spheres are made up wholly or in part of inorganic

salts is still undetermined, but they appear to be vesicles filled with a denser

fluid than that in the sac. The gustatory organs (Plate V, fig. 22; Plate VII, figs.
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21-22) occur in a number of species of several distinct genera, but many species

are known which do not have them. They are small cup-shaped outgrowths on

the inner face of the tentacles, near the base, just large enough to be seen with

the naked eye, or even smaller. The number on each tentacle varies from 1 to

30 or even more in large animals. Each cup is lined with cilia and is connected

by a small branch nerve with the tentacle nerve. There seems to be little doubt

that these cups serve as organs of either taste or smell, although the evidence

is not conclusive. Tactile organs, or "touch-papillfe" (Plate VI, fig. 17), occur

in many and perhaps all Synaptids, not only in the tentacles, which are them-

selves such important organs of touch, but also scattered all over the surface

of the body. These "sense-buds" or "touch-papillae" are small groups of epi-

thelial cells connected at their inner ends with special ganglia situated at the

ends of small nerves, which arise as branches of either the radial or tentacle

nerves.

Nervous system.—The complete nervous system is known in very few

Synaptids, but those species in which it is known agree so well that there is

little reason to expect anything strikingly different in other species. At the ex-

treme anterior end of the body lies the circumoral ring, a band of nerve tissue

surrounding the oesophagus and giving rise to the five radial nerves and the

tentacle nerves, the number of which corresponds to that of the tentacles. The

circumoral ring lies above or within the calcareous ring, close upon the outer

wall of the circular sinus in which the cesophagiis lies, and is a tenth of a milli-

meter^ more or less, in thickness. The outer layers contain most of the ganglion

cells, the interior being chiefly fibrous. In those Synaptids which have eyes

the optic nerves arise directly from the circumoral ring, and in some species

special nerves or nerve bands arise from the inner or lower side of the ring and

run to the oral disc and oesophagus. The radial nerves run outward, over or

through the radial pieces of the calcareous ring, and then, bending abruptly

baelavard, run with little diminution in size to the extreme posterior end of

the body. Each nerve consists of an inner and an outer band, the latter of

which contains most of the ganglion cells on its outer side. The two bands lie

close together in the connective tissue of the body-wall just outside of the circu-

lar muscles. Each radial nerve gives rise to the nerves supplying the posi-

tional organs, and to numerous small branches, which supply the muscles and

"sense-buds" of the body-wall. In many Synaptids there is an open space or

canal, between the radial nerve and the longitudinal muscle, known as the hg-

poneural canal; but it is not always present ; it is wanting in Synaptula hydri-

formis. The tentacle nerves arise from the outer, lower side of the circumoral

ring and run upward on the inner face of the tentacle, giving off branches to the

digits and to such sensory cups or papillie as may be present.
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Body-wall.—The body-wall of the Synaptids is thin and generally translu-

cent, if not actually transparent. In Myriotrochus and some species of Lepto-

synapta and Chiridota it is so transparent that the inner organs are readily

seen through it. It consists of five parts (Plate VI, fig. 21), a cutis and a layer

of epithelial cells, which together make up the epidermis ; a layer of connective

tissue in which lie the calcareous bodies, pigment, etc., a layer of circular mus-

cles—in the radii the longitudinal muscles—and an inner epithelium, which

lines the body cavity.

1. Epidermis.—The cutis is a thin, transparent, structureless layer, se-

creted by the epidermal cells, and exhibiting no special peculiarities. The epi-

thelial cells beneath are of three distinct sorts; ordinary, more or less elon-

gated, irregularly polygonal cells, which greatly predominate, but among which

are scattered sensory and gland cells, the former in clusters of several dozen,

forming the "sense-buds" to which reference has already been made. The

sensory cells are much more elongated than the ordinary epithelial cells, and

the inner end is drawn out into a fiber which connects directly with the small

ganglion lying underneath the sense-bud. Sometimes such sensory cells occvir

scattered singly among the ordinary epithelial cells. The gland cells are of two

kinds, but their number, size, distribution, and activity undoubtedly differ

much in different Sjoiaptids, according to the manner of life. The so-called

goblet glands are the more numerous, and occur in nearly all jiarts of the

epidermis, while the larger club glands are much less common and more widely

scattered. Both kinds of glands are most numerous and best developed in the

epidermis of the tentacles, especially on the outer side near the tip and on the

oiiter side of the digits, the surface of which is quite viscid in most Synaptids.

Whether the so-called "contractile rosettes" (see Becher : 06) are epidermal

structures does not seem to have been determined, but they probably lie deeper.

Very possibly they are identical with the larval glandular organs of Synap-

tnla hgdriformis referi'ed to on page 61.

2. The connective tissue lager makes up as a rule more than three-fifths of

the body-wall, although tire proportion varies with the total thickness. It con-

sists of a mass of fibers, the outgrowing prolongations of spindle- or star-shaped

cells, imbedded in a clear, transpai-ent, nearly colorless ground-substance of

gelatinous consistency. Besides these connective-tissue cells, so-called ivander-

ing cells are abimdant, which are more or less oval in outline, but often pos-

sess pseudopodia as they are capable of amoeboid movements. In the connect-

ive-tissue layer are found two of the most important structures of the body-

wall, the pigment cells and the calcareous bodies. The pigment cells are some-

times more or less oval or spherical bodies, but are often irregular, much-

branched particles of coloring matter, most numerous in the outer part of the

body-wall just below the epidermis. They are often aggregated in particular
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parts of the body and in some species chiefly about the anterior end or on the

dorsal side. They often crowd about the calcareous ring and even occur in

that structure. The color is generally some shade of red, brown, or black ; but

purple, green, and yellow pigments also occur, and perhaps other colors. It

is possible that the pigment bodies sometimes crowd into the epidermis, but

it is doubtful if this is a normal condition. The pigment is generally, if not

always, insoluble in water, ether, or pure alcohol, but is rapidly discolored

or profoundly changed by acids, alkalies, and corrosive sublimate.

The calcareous deposits of the body-wall are rarely entirely wanting. They

are formed by special mesenchyme cells in the connective-tissue layer, and

their manner of growth is well known. They are almost, if not entirely, pure

carbonate of lime. It is most convenient to classify them under four heads

:

anchors and plates, wheels, curved rods, and miliary granules; all four kinds

never occur in any one species, though three often do, and there are usually

at least two kinds present.

The anchors and plates (Plates IV and V) are more or less symmetrical,

and always lie in the body-wall, with the anchor over or outside the plate,

and usually their long axes are at right angles to the long axis of the animal.

The plate arises as a short rod, parallel to the long axis of the animal, which

soon forks at each end. The forks grow and divide dichotomously, with more

or less regularity, but the subsequent branches do not grow with equal rapid-

ity. As a consequence, branches of the third and higher degrees meet

and fuse, thus inclosing the open spaces which are the perforations in the

completed plate. The edges of these holes may remain smooth, or they

may become toothed, although the smallest holes are always smooth. In

some species the branching, which gives rise to the phite, proceeds so irreg-

ularly that the plates become very asymmetrical, this being especially

true when the perforations are small and numerous. In species with symmet-

rical plates the number of large, toothed holes is generally 6 or 7, rarely more,

but the number of small, smoooth holes is not limited, though generally less

than 10; they are found mostly at the smaller end of the plate. Usually the

plates are not flat, but are more or less concave on the outer side, and the pos-

terior end frequently bears an outwardly curved bow, which thus arches the

concavity. This bow sometimes bears teeth at the center on the anterior edge.

The bow is often imperfect and frequently wanting. Anchor-plates vary in

size from 0.1 mm. up to 1 mm. in length, and the breadth is from one-half the

length up to nearly equaling it. The plates are always shorter than the

anchors which accompany them, though the proportion between the two pieces

is very variable. The plates are frequently longest at the posterior end of

the body. They are occasionally double and provided with two bows. Two

quite different sorts of plates sometimes occur in the same species. The

4
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anchor cousists of a more or less curved shaft, lying with the convex side

against tht plate, the posterior end {stock) frequently, if not always, con-

nected with the bow or posterior portion of the plate by connective tissue,

and the two arms, which are more or less outwardly flaring. The arms are

frequently toothed on their outer sides, the teeth, however, pointing, not back-

ward, but forward or outward. "When the arms are smooth, there are often

several small knobs on the vertex of the anchor, where the two arms and the

shaft fuse. The stock is more or less expanded, and may be imdivided and

edged with numerous fine teeth, or it may be more or less branched, the

branches bearing teeth. In exceptional cases the anchors bear arms at both

ends. Not infrequently the anchors are asymmetrical, one arm being larger

than the other, and occasionally a third arm occurs. The anchors of the pos-

terior end of the body are oftentimes longer than those of the anterior end, and

sometimes there are two entirely different kinds of anchors foimd in a single

species. Anchors vary in size from 0.12 to 1.1 mm. in length, those of the latter

size being quite easily seen with the unaided eye. They arise as straight rods

lying perpendicularly to the long axis of the animal, and therefore at right

angles to the rods giving rise to the plates. They are of considerable size be-

fore the plate rods appear, and already show the rudiments of the arms, which

extend outward at first, and later bend backward. The teeth on the arms, and

the branches and teeth on the stock are the last parts to appear. The number

of anchors and plates varies greatly, not only with their size, but also with the

habits and habitat of the animal. In some species there may be only a few

—

less than 25, perhaps—to a square centimeter of skin, while in other cases

there are from 1,000 to 1,500 per sq. cm. They are often more numerous pos-

teriorly than anteriorly.

The so-called wheels (Plates VII and VIII) occur in a number of genera,

in several forms, either scattered singly in the skin or collected in little heaps

or papilla?. These heaps are generally large enough to be visible to the naked

eye, and then appear as small white spots. They are covered only by the very

thin epidermis and are easily rubbed off. They occur chiefly on the inter-

ambulacra, often in definite longitudinal rows, but are sometimes scattered

over the whole body. T\nien the wheels are scattered and not in heaps, they

are usually quite widely separated ; but they may be crowded, and occasionally

so much so as to form several layers and make the body-wall firm and hard.

The wheels are sometimes flat or nearly so, but more commonly they are de-

cidedly concave, somewhat saucer-shaped, so that the margin is higher than the

center, though the latter may be higher than the surrounding spokes. Most com-

monly the wheels have 6 spokes, which are rather wide and flat, but in other

cases the spokes are narrower and more numerous, from 8 up to 25 in number.

The rim of the wheel is usually smooth on its outer margin, though some-
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times it bears prominent spines, alternating with the spokes. The inner

margin is generally toothed, either with numerous minute teeth or with from

15 to 30 larger teeth which point inward, but it may be perfectly smooth. The

center or "hub" of the wheel is usually smooth, but is sometimes rough on

the outer end. Its inner end is the point of attachment for a strand of con-

nective tissue, the exact function of which is not known. In size the wheels

vary from about .30 to upward of 350/i, the diversity being very notice-

able oftentimes in a single individual. The various kinds of wheels arise first

either as discs or saucer-like plates, with fluted edges, or as star-shaped bodies

(Plate VIII, figs. 9-12). The spokes arise either from the projections on the

edge of the plate or from the rays of the star. As they increase in length, they

expand at the outer end, and the expanding branches meet and fuse to form

the rim of the wheel.

The curved rods occur most commonly as supporting rods in the tentacles

(Plates IV, V, and VII), but are sometimes found scattered in the body-wall

itself. In the former case they are usually more or less branched, toothed, or

perforated at each end, though in some cases they are smooth and solid. They

show great diversity in size and shape, ranging from 20 to 200 m. Their

long axes are generally parallel to the long axis of the tentacle or to that of

the digit in which they lie, but they are sometimes collected more or less irreg-

ularly near the base of the tentacles, especially on the inner side. The rods

which lie scattered in the body-wall may be only very small elongated parti-

cles, with smooth, rounded ends (Plate IV, fig. 14), or they may be more or

less curved, having the ends somewhat enlarged and often toothed (Plate VII,

figs. 4, 7, and 12) ; or the form may be that of a hook or bracket or an

elongated letter S (Plato VII, figs. 5, 6, 9, 10, and 11). The latter are called

sigmoid deposits. In such deposits the curves of the opposite ends may lie

in the same plane or in planes at right angles to each other. The rods and

sigmoid deposits of the body-wall are irregularly scattered, though the latter

generally lie at right angles to the longitudinal axis of the animal. The rods

range from 20 to 100 /i in leno-th, while the sigmoid deposits are larger,

usually measuring between 100 and 200 m. The sigmoid deposits arise as

simple, smooth, curved rods, which gradually increase in size and curvature

until the perfect form is assumed.

The so-called miliary granules (Plate IV, figs. 16 and 21) are very small

particles of lime, sometimes smooth and rounded, sometimes cross- or star-

shaped, and sometimes branched and irregular, which occur not only in the

connective tissue of the body-wall, but often in the underlying muscles also,

both circular and longitudinal. Generally they occur scattered more or less

uniformly in the body-wall, but are sometimes confined to the radii. They are
often collected in small heaps or patches, which appear to the naked eye as
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white si^ots on the skiu. The irregularly branched forms are sometimes oalled

rosettes (Plate IV, figs. 18 and 23). In size the miliary granules vary from

3 to 30 /t.

3. The circular muscles of the body-wall of all Synaptids run completely

around the body-cavity, .just without its lining epithelium. In most species

the layer is of uniform thickness and continuity in all parts of the body, ex-

cept that it becomes somewhat better developed near the cloacal opening, for

which it forms a sphincter muscle. It maj^ iserhaps also thicken on or near

the oral disc. In Acanthotrochus, however, the circular muscles occupy only

the interradial jiortions of the body-wall, except at the ends of the animal,

where they are continuous, as in other Synaptids.

4. The longitudinal muscles of the body-wall are confined to the radii,

where they ]:)roject more or less markedly into the body-cavity, the epithelial

lining of which covers them. They are usually single folds or strips, attached

anteriorly to the calcareous ring, and posteriorly thinning oiit and disappear-

ing near the cloacal opening. They are generally most compressed anteriorly,

and become flattened near the middle of the body and imperfectly cylindrical

at the posterior end. In some cases the anterior ]iart of the muscle may l)e di-

vided into an outer and an inner portion, and in such cases the inner half

is called a retractor muscle, and is regarded as homologous with the retractor

muscles of Dendrochirota? ; but the constant presence of such muscles in any

Synaptid is open to doubt ; they are said to be characteristic of Eicapta lappa,

Synapta macnlata, and Chiridota rotifera, but although I have examined these

species, ma(3roscopically and microscopically, both living (except maculata) and

preserved in alcohol, I have never found the slightest evidence of a retractor

muscle. Those of Chiridota rotifera are said to be very short and joined by

connective tissue to the longitudinal muscle. In this statement lies a probable

explanation of the whole difficulty; the anterior portion of the longitudinal

muscles, being strongly compressed, may divide more or less incompletely in

a plane parallel to the body-wall, and where the division is only partial such

an arrangement as is reported for Chiridota rotifera would arise, while if the

division were completed it would result in the arrangement said to occur in

C. discolor. Now, as I have examined specimens of both rotifera and discolor

and have failed to find any trace of a separate retractor muscle, I am con-

vinced that the matter is one of individual diversity, or perhaps correlated

with age. At any rate, the presence or absence of retractor muscles is a char-

acter upon which only the slightest value can be placed for purposes of classi-

fication.

5. The innermost layer of the body-wall is a sim]ile, epithelial layer, which

covers all of the surface bordering on or projecting into the body-cavity. It

consists of polygonal cells similar to the ordinary epithelial cells of the outer
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surface, but mucli more flattened. Whether they are provided with cilia or not

is a disputed point. Hamann ('84) asserts that cilia are present, but other

investigators have failed to find them. My own observations lead me to be-

lieve that cilia are not usually present on the cells of this inner epithelium.

Body-cavity.—The body-cavity of the Synaptids is always spacious, and

extends from the oral disc to the posterior tip of the body without any marked

separation into parts, although the ]iortion around the oesophagus has had a

different origin from the rest in the development of the animal. Longitudi-

nally the cavity is divided on the dorsal side by the mesentery, which supports

the intestine, and anteriorly it is traversed by strands or folds of tissue

which support the oesophagus. All parts of the body-cavity are lined with the

thin, flattened epithelium, already described as forming the innermost layer

of the body-wall. The fluid contained in the body-cavity is largely water, but

contains albuminous material and corpuscle-like cells. Tt is probably identical

with the fluid in the water-vascular system, but may contain more water. So

far as known, the body-cavity is always in commimication with the water-

vascular system through the madrepore bodies and stone-canal. In Synaptula

hydriformis and probably in Chiridota rotifera the body-cavity is in commu-

nication with the outside through openings in the wall of the rectum and at

times through rupture of the body-wall near the anus. The former openings

seem to be permanent, but the latter are only formed when the young are born

and apparently heal up thereafter. In the viviparous species just mentioned,

the body-cavity fluid must contain nutritious material which serves as food

for the young, as the latter grow to considerable size (10 mm. long or more)

before birth.

Calcaeeous ring.—Surrounding the oesophagus in Synaptids, as in all other

holothurians, is a circular ring, made up of more or less distinct calcareous

plates. Of these, five lie at the anterior ends of the longitudinal muscle bands,

which are attached to them, and are called the radial pieces, while the remain-

der are called interradial. These plates arise from calcareous bars (Plate

VI, fig. 9) which branch more or less irregularly, the branches anastomosing

and fusing until solid plates are formed. The plates are generally more or

less quadrilateral, but may be higher than wide {Synaptula hydriformis, Plate

VI, figs. 7 and 8) or approximately square (Plate V, fig. 14) or wider than

high {Leptosynapta roseola, Plate V, fig. 16). Usually the posterior margin

of each plate is slightly concave or even notched, but it is never forked or

deeply divided. The anterior margin may be straight or convex, or distinctly

pointed (Plate IV, fig. 2), and frequently the radial pieces are either pierced

or notched for the passage of the radial nerves; in Lahidoplax digitata only

the three ventral radial pieces are so pierced. Occasionally the radial pieces

of the ventral side are better developed than those of the dorsal, or the reverse



54 THE APODOUS HOLOTHIIRIANS

condition may occur. The number of iuterradial pieces ranges from five up-

ward, but the most frequent number is seven, the two dorsal interradii each

having an extra piece. Where the number of interradial pieces is more than

seven, there is usually an agreement between the number of tentacles and the

total number of plates in the ring, but several species have been described

in which there is no such agreement. It should be borne in mind that new

pieces may form in the ring with the growth of the animal, and that such

unusual numbers as 16 and 18 plates very possibly are an indication of im-

maturity. There will probably prove to be a reasonably definite correlation be-

tween the number of tentacles and the number of pieces in the calcareous ring,

when all the facts are known.

Cabtilaginous ring.—In the genera Synapta, Polyplectana and Synaptula

and sometimes in Opheodesoma, there is a noticeable ring of cartilage or some

similar connective tissue immediately iJosterior to the calcareous ring (Plate VI,

fig. 18). In bulk it may exceed the latter, with which it is in more or less close

contact. This ring is often without projections or perforations, but in some cases

it is provided with 15 openings, either anteriorly or posteriorly. The presence or

absence of this ring has been used as a generic character, but as its develop-

ment is apparently more or less variable, it is still a doubtful question as to how

great a taxonomic value it has. Its function has never been determined, but

it probably gives a more or less useful, though flexible, support to the calca-

reous ring.

Water-vascitlar system.—Encircling the oesophagus at a greater or less

distance behind the calcareous ring or the cartilaginous ring, when the latter

is present, is a tube, which forms the central part of the water-vascular system

and is known as the circular ring. It is from a fifth to a half of a millimeter

in diameter, more or less, according to the size of the individual, and the wall

is a thin layer of connective tissue and circular muscles, covei'ed on the out-

side with the body-cavity epithelium and lined with a very similar layer of

cells. From this circular ring arise the tentacle canals, which run, one to

each tentacle, passing upward, on the inner side of the calcareous ring. Just

before entering the tentacle, each canal is provided with a valve which per-

mits fluid to pass into the tentacle, but prevents its outflow. The number of

tentacle canals may be fewer than the mnn1)er of tentacles, but such cases are

due to immaturity or arrested development. In many, if not all, Synaptids,

the anterior margin of the calcareous ring i)rojects forward so far (Plate VI,

fig. 18) that the outer half of the lower part of the cavity of each tentacle

forms a blind sac or rudimentary ampulla, separated by the calcareous ring

from the inner half, which is directly continuous with the tentacle canal. The

sacs are always very short and closely appressed to the outer side of the cal-

careous ring. Dependent from the circular canal are the polian vessels (Plate
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VI, fig. 6; Plate VII, fig. 29), the size and number of which are very diverse.

They are more or less elongated, blind sacs, the diameter of which varies

greatly with the amount of fluid contained within. In Syuapta and some-

times in Euapta they may be branched ; that is, a number of vessels arise from a

common stalk-like outgrowth of the circular ring. Comparatively few Synap-

tids have only a single polian vessel, the great majority having more than

two. Many have from 8 to 16, and a few species have 50 or even more. When
more than one, the polian vessels are seldom of the same size, and when

numerous there is the greatest variety in length. When only one is present,

it is generally of very moderate size, usually less than a tenth of the body

length. This single polian vessel lies on the left side of the body, usually in

the left dorsal interradius ; but when more are present, they arise from the

ventral portion of the circular ring, and when very nimierous they spring

from all parts of that ring. The wall of the polian vessel has essentially the

same histological structure as the circular ring; in the connective tissue of

either there may occur small calcareoiis particles, but they are never conspic-

uous or numerous. Arising from the circular ring is still another outgrowth,

the so-called "stone-canal," which may be single, or there may be a number.

In the great majority of cases the "stone-canal" is a single, unbranched

tube, arising in the mid-dorsal interradius and more or less completely in-

closed in the mesentery. In Synapta the stone-canal is usually single, but

branched, while sometimes in that genus, and commonly in Opheodesoma,

a large number of stone-canals are present, arising from almost any part of

the circular ring. "While the inner end of the stone-canal is in imme-

diate connection with the ring, the outer end is almost always unattached,

and bears a more or less prominent and irregular enlargement which corre-

sponds to the madrepore plate of other echinoderms, and is known as the mad-

repore body. Through the openings in the madrepore body the stone-canal,

and hence the entire water-vascular system, is in direct communication with

the body-cavity. In Synaptula hydriformis, moreover, the madrepore body

lies in the mesentery and is attached to the dorsal wall in such a way that

there is present at least one opening between the stone-canal and the water out-

side. This opening is on the dorsal side, just in front of the genital duet.

In all Synaptids the wall of the stone-canal consists of only three layers, the

outer epithelium, a connective-tissue layer, and an inner epithelium of high,

more or less cylindrical cells, which are conspicuously ciliated. There are no

muscle fibers anywhere in the tube wall, but the connective-tissue layer con-

tains a large quantity of irregular particles of carbonate of lime, giving that

firmness and brittleness to the tube which has led to its being called a stone-

canal. The madrepore body is mai-nly a mass of such calciferous connective

tissue, more or less extensively pierced by the openings between stone-canal
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and body-cavity, which are very short tubes, lined with a prominent ciliated

epithelium. Owing to this direct connection between the lumen of the water-

vascular system and the body-cavity, the fluids contained in the two are essen-

tially identical.

Alimentary canal.—The mouth of Synaptids is a circular opening in the

center of the oral disc, ai-ound which the tentacles form a single circle, and

which constitutes the anterior end of the body. The mouth opens at once into

a slender thin-walled oesophagus of variable length, which is encircled by the

calcareous ring and water-vascular ring, and which is more or less connected

with them and with the body-wall by strands of connective tissue. The

oesophagus opens into a more or less well-marked stomach, the thicker and

more miascular walls of which usually distinguish it from both oesophagus and

intestine. The latter is usually thin-walled and of nearly uniform diameter;

it may be short and without a looj) (a condition practically unknown among

other holothurians) or it may be elongated to such an extent that from the

point of union with the stomach it bends forward and runs for a greater or less

distance toward the mouth before it bends again and takes its course back-

ward to the vent. The latter is the ordinary arrangement. It terminates in

a slight enlargement homologous with the cloaca of the lung-bearing holo-

thurians, but as no other organs enter it, in the Synaptids it is better called

the rectum. The vent or anal opening is always terminal. A cross-section

through the alimentary tract at any point reveals an outer epithelium, the

ordinary lining of the body-cavity; inside of this a very thin layer of connect-

ive tissue, following which is a muscular layer consisting first of longitudinal

and then of circular fibers ; within this is a thick layer of connective tissue,

and then the lining epithelium of the canal. The layer of muscles is thickest

on the stomach, the walls of which are decidedly muscular. The inner epithe-

lium is more or less glandular, especially in the stomach, and is frequently

ciliated, at least in the intestine. Some writers have described a delicate cuti-

cle there instead, but this is possibly a misinterpretation of the appearance

of the cilia in preserved material. Wandering cells (often bright red in the

living animal) occur more or less abundantly throughout the lining epithe-

lium. The alimentary canal is supported through part or all of its course by

a mesentery, usually consisting of three sections. The first supports the

oesophagus and stomach and is attached to the body-wall in the mid-dorsal

interradius; the second supports that part of the intestine which runs forward

from the end of the stomach and is attached in the left dorsal interradius ; the

thii-d supports the remainder of the intestine and is attached in the right

ventral interradius. The second section may be greatly reduced and is prac-

tically wanting in those species which ha\'« an approximately straight aliment-

arv canal. Tn other cases the first and second sections of the mesenterv run
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backward eousiderably posterior to the point where the intestine bends for-

ward, and, being united together over the left dorsal radius, they form a blind

sac which Semper has called the "mesenterial canal." In Myriotrochus

minutus the mesentery is greatly reduced, and there are special connections

between the loops of the intestine and with the body-wall. The mesenteries

are u'sually attached a little to one side of the mid-line of the interradius in

which they lie. They consist of a very thin layer of connective tissue, with or

without muscle fibers and covered on each side with the epithelium of the

body-cavity.

Ciliated funnels.—In the body-cavity of all Synaptids, so far as known,

except Rhabdomolgus ruber and Lahidoplax buskii, there occur minute, more or

less funnel- or cornucopia-shaped bodies conspicuously ciliated over a part of

their surface (Plate V, figs. 11, 12, 20, 21; Plate VIT, figs. 14, 23, 28). These

ciliated funnels are very charactex'istic of the family, and are not known to

occur in any other animals. They are very few in number in Leptosynapta

minuta and it may be that they will yet be found in the species of Labidoplax

and Ehabdomolgus, where they are said to be wanting. They most commonly

occur upon the mesenteries close to where the latter join the body-wall, but

they may occur on the body-wall itself and on the face of the mesentery also.

They may occur in connection with all three sections of the mesentery or only

with one or two. The funnels may be individually distinct and uniformly

separated, they may occur in small groups, or a number may be united into

a cluster having a common stem (Plate VII, fig. 14). They range from less

than 80/* to considerably over a millimeter in length. When connected on

a common stalk, the whole group may be nearly a milimeter high, and the

individual funnels range from 70 to 250/*. In any one species the size as

well as the arrangement of the funnels is fairly constant, though in some cases

two very distinct sorts of funnel occur in the same individual. Thus in Lepto-

synapta inhccrens the ordinary funnels are generally less than one-tenth of a

millimeter in height, but scattered here and there among them are funnels of a

somewhat different shape from four to twelve times as large (Plate V, fig.

20). The stalk of the funnels is always a slender strand of connective tissue

covered with an epithelium, both direct continuations of the same tissues of

the mesentery or body-wall. In groups having a common stalk, the latter is

said to contain muscle fibers. The funnel itself is made up of connective tissue

covered on the outer (convex) side with the flattened epithelium of the body-

cavity and lined with an epithelium of high, cylindrical, crowded cells, each of

which bears a cilium. The exact form of the funnel, the thickness of the

various parts, and the size of the space inclosed vary greatly in diiTerent

species, and to some extent in different individuals of the same species, and in

different funnels of the same individual.
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Blood system.—In connectiou with the digestive canal, there are present

in the Synaptidae two long longitudinal vessels, which form the principal por-

tion of the blood system (Plate VI, fig. 6). One of these lies just at the line of

union of the mesentery and alimentary canal, and is called the dorsal vessel,

while the other is on the opposite side, and is called the ventral vessel. These

vessels may be closely appressed to the stomach and intestine or they may be

completely separated from them by a greater or less distance. In the former

case they are connected with each other by lacunar spaces in the wall of the

alimentary canal, but when separated from the latter they are connected with

its wall by short cross-vessels which open into the lacunar spaces or into a

secondary longitudinal vessel from which lacun.T arise. The ventral blood-

vessel runs from the lower end of the CESophagus back as far as the middle of

the third section of the alimentary canal, both ends fading out into lacunar

spaces. Between the ventral blood-vessel of the first and second sections of the

digestive tube (sometimes between second and third, sometimes even between

first and third) there are usually present one or more connecting vessels of

considerable prominence. The dorsal vessel runs backward about as far as the

ventral vessel, but anteriorly it extends to the water-vascular ring, upon the

inner surface of which there lies the circumojsophageal ring of the blood-sys-

tem, in which it terminates. Direct connection between the ventral vessel and

this ring has yet to be demonstrated in the Synaptidae. From the blood-ring

arise vessels running into each tentacle along the inner surface, close to the

tentacle canals. The genital gland receives its blood-supply directly from the

dorsal vessel. Radial blood-vessels are wanting in the Synaptids. The blood

is usually colorless, but in some of the larger species it is- yellowish. It con-

tains much more albuminous material than the fluid of the water-vascular sys-

tem; it also contains corpuscles, amoeboid cells, and minute granules.

Repkoductive system.—The reproductive organs of the Synaptidae consist

of a more or less branched pair of tube-like projections, one on each side of the

dorsal mesentery, in which lies the common genital duct, into which they open.

The duct is short and opens to the outside by a single pore, in the mid-dorsal

interradius, just back of the circle of tentacles. In Synaptula hydriformis,

however, the duct is not united with the outer epithelium of the body-wall and

probably communicates with the exterior by several minute pores. The genital

tubes themselves lie in the anterior part of the body-cavity; there is rarely only

a single branch on each side, generally several or many branches. Usually the

branches or tufts of branches of the two sides are of equal size in adult

Synaptids, but in the young, so far as is known, that of the left side is the

smaller, and this asymmetrical condition may persist in some adults. The tubes

are often somewhat colored, iisually yellowish, sometimes green, but more com-

monly they are white, although the shade varies with the condition of the con-
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tents of the tubes. In their finer structure the tubes are found to consist of

an outer epithelium continuous with that of the mesentery, and an inner ger-

minal epithelium. Between these there is always present more or less of a

couuective-tissue layer (though this may be reduced to scattered mesenchyme

cells) and a more or less evident layer of longitudinal muscle fibers. In some

cases a layer of circular muscle fibers is also said to occur. The finer structure

of the genital duct is similar to that of the tubes, but the muscle layers are

wanting, and anteriorly the wall of the duct may even be reduced to a single

layer of cells. Hermaphroditism is common in the family, but many species

are unisexual. In the latter the germinal epithelium gives rise only to eggs

or spermatozoa, as the case may be, but in the former the eggs arise on one

side of the germinal epithelium, the spermatozoa on the other, or they arise at

dift'erent places on the inner side or at different times. It is possible that

some of the cases reported in which individuals seemed to be of different sexes

are simply cases of protandry; but this phenomenon is not certainly known to

occur among the Synaptidse, and in some cases there is no question that eggs

and spermatozoa are present and maturing in the same part of the genital

tubes and at the same time.

Embryology.

Our knowledge of the embryology of the Synaptids; is confined to a very

few species, particularly Lahidoplax digitata, Synaptula hydriformis, Chiridota

rotifera, and Tceniogyrus contortus, and the following account is based upon

the observations recorded of them. The eggs range in size from rather more

than 100 microns to upwards of 330 microns. They are spherical, contain con-

siderable yolk, which gives them a yellowish or brownish tinge, and are more

or less transparent. They are generally set free in the water, but in some cases

develop within the body-cavity of the parent, or even in the genital tubes of

the mother. Nothing is known positively of the formation of the polar bodies or

the process of fertilization, though the latter must, in viviparous forms, take

place internally. Segmentation is total and approximately equal (Plate VI,

figs. 1 and 2) and results in the speedy formation of a blastula from which

the gastrula arises by invagination. The subsequent developmental changes

depend very largely upon whether the embryos are protected within the body

of the mother or not. If development is so protected, it proceeds directly and

with considerable rapidity, but if not, the young Synaptid passes through

more or less prolonged larval stages. In any case the archenteron soon bends

to one side, and uniting with the body-wall, brings its lumen into connection

with the exterior, and this opening forms the water-pore and indicates the

dorsal surface of the animal. The archenteron continues its growth forward,

however, and, bending downward, unites with the ventral surface of the larva,
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and the mouth is subsequently formed at that point. In this growth of the

archenteron the portion connected with the water-pore comes to lie at one side

(the left) and soon is separated as a jioueh by itself. This iwuch grows hack-

ward and constricts, so that its posterior part soon becomes a distinct pouch,

which grows out laterally to the right across the dorsal surface of the archen-

teron onto the right side. The right and left halves of the pouch then sepa-

rate and become entirely distinct. At this stage, then, we have a larva with a

mouth, gut, and anus (the blastopore), a hydrocccl connected with the exterior

by a water-tube, and two cislomic i^ouches, one on each side of the gut. Scat-

tered throughout the segmentation cavity are more or less numerous mes-

enchjTue cells, which have arisen from the endodermal cells of the archenteron.

In those Synaptids which have free-living larval forms, the external appear-

ance of the larva at this stage is very characteristic, and is very similar to the

auricularia larva of other holothurians. The Synaptid auricularia is a dor-

sally-flattened, wide, squarish larva with a deep depression on the ventral side

(oral vestibule), at the bottom of which opens the mouth. The uniform ciliated

coat of the gastrula has given place to a complicated sjTimietrical series of cili-

ated bands. A larval nervous system, muscles, and wheel-shaped calcareous

bodies are also present. After a time the auricularia becomes barrel-shaped,

and the ciliated bands form five encircling rings around the body; this stage

is sometimes called the pupa, sometimes barrel-shaped larva. At the upper or

anterior end of the pupa is a very deep, constricted, funnel-shaped space, the

vestibule, in the floor of which lies the mouth; the hydrocoel completely en-

closes the oesophagus, forming the water-vascular ring from which arise the

polian vessel and the tentacles; of the latter, five are already indicated, and

between each pair are five other outgrowths corresponding to the radial water-

canals of pedate holothurians; these may be quite well-marked in the pupa,

running back toward the rear of the body; the coelomic pouches have become

fused ventrally, but on the opposite side are still separated by the dorsal mes-

entery ; the rudiments of the calcareous ring have appeared, and the iiositional

organs are well formed. With the growth of the five tentacles the vestibule

disappears and the larva assumes the pentactula form (Plate VI, fig. 3),

characterized by the short, oval body, the absence of ciliated rings and the five

prominent tentacles without digits. The muscular and nervous system are

fairly distinct and are rapidly assuming the adult condition. The transforma-

tion from the pentactula to the adult form is chiefly marked by the appearance

of the blood-system, ciliated funnels, and reproductive organs and the increase

in the number of the tentacles, with accompanying development of digits. In

Tceniogyrus contort us the sixth and seventh tentacles appear simultaneously in

the lateral dorsal interradii (Plate VII, fig. lo), and subsequently the eighth,

ninth, and tenth appear in the other three interradii, but in Synapiula hydri-
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formis the second quintet of tentacles appear all at the same time. Probably

the 10-tentacled larva (Plate VI, fig. 4) is characteristic of all Synaptids. In

the viviparous species the auricularia seems to be wanting and the pupa stage

is passed through quickly, nor are there any sharp lines between the different

steps in the process of development; the pentactula and 10-tentacled larvae

are, however, plainly shown. In other respects there is little essential differ-

ence between the development of the oviparous and viviparous species. In the

larvjB of Synaptula hyclriformis, however, there are peculiar glandular organs

in the ectoderm, which may have some use in absorbing food material from

the body-cavity fluid of the parent. Perhaps these glandular organs are iden-

tical with the "contractile rosettes" of certain other Synaptids. (See Becher,

:06.) In species with twelve tentacles, the eleventh and twelfth arise, one in

each of the two lateral, dorsal interradii ; nothing is known of the development

of the additional tentacles in species with more than twelve.

In conclusion, the organogeny of the Synaptids may be stated as follows

:

Ectoderm: The epithelium of the entire body surface, including the sensory

epithelium of the tentacles, the entire nervous system, the sense-organs, the

anterior part of the oesophagus and possibly the posterior part of the rectum

arise from the larval ectoderm. Mesoderm: The calcareous concretions, the

calcareous ring, the pigment-cells and all cartilaginous and connective tissues

arise from the mesenchyme cells of the larva, which in turn arise from the

archenteron; there is no satisfactory evidence that any muscles are formed

from these cells. Endoderm: The alimentary canal (except the ectodermal por-

tions already mentioned), the water-vascular system, the entire musculature,

the ciliated funnels, the blood-vessels and corpuscles, the reproductive organs,

and all internal epithelial tissues arise from the larval endoderm, either di-

rectly from the archenteron or from the hydrocoel and ccelomic pouches to

which it gives rise.

Physiology.

Comparatively little work has yet been done in studying the functions of

various organs of Holothurians or indeed of any Echinoderms, and particu-

larly is this true of Synaptids. Most of our knowledge of the physiology of

these animals is the result of casual observation or chance discoveries made

while some problem of morphology or embryology was under investigation.

What little is known may be conveniently grouped under the following heads

:

Motion.—The movements of Synaptids are mainly concerned with the col-

lection of food and the avoidance of enemies, and are dependent upon the

fluids within the body-cavity and water-vascular system quite as much as upon

the muscles; the calcareous particles in the body-wall also play an important

part in the locomotion of many species. In the search for food, the animal is



62 THE APODOUS HOLOTHURIANS

usually fully extended, and while the tentacles clearly assist, the principal

means of locomotion is by the alternate contraction and extension of the body-

wall, due to muscular movements. The contraction of the longitudinal muscles

draws the posterior end of the body forward, and their relaxation, accom-

panied by the contraction of the circular muscles, forces the anterior end

ahead; for since the body-cavity is filled with fluid, the decrease in its di-

ameter, due to the contraction of the circular muscles, necessarily results in its

increased length, and this causes a forward movement, since the body is pre-

vented from slipping backward by the marked projection of the calcareous

particles. This projection is brought about by the contraction of the circular

muscles—a contraction that begins at the posterior end of the body and moves

forward to the head. In species which are distinctly subterranean the calca-

reous particles of the rear of the body are frequently much larger and more

numerous than those anteriorly, in accordance with their use. When moving

through sand or mud, the tentacles play an important part in the progress by

separating and loosening the particles and pressing them apart, thus permit-

ting the anterior end to be forced forward by the contractions of the body

muscles. The subterranean species often move about in burrows, gathering

food as they go, the glands of the skin providing a secretion which serves to

give the walls of the burrows a certain smoothness, as well as increasing their

firmness. Synaptas can turn in their burrows, although they do not usually do

so, and backward movements are possible, but not frequent. In collecting food,

Synaptids do not lie in their burrows, with their tentacles extended on the

surface of the sand, waiting for what may be brought them, but they gather

it as they creep about, picking it up by the tips of the tentacles and passing it

inward to the mouth. The movements of the tentacles and digits are effected

partly by the contained fluid of the water-vasciilar canals, but mainly by the

longitudinal muscles lying on the inner surface. Under pressure from behind,

due to muscular contraction of polian vesels and perhaps of the water-ring it-

self, the fluid tends to straighten the tentacles, while the contraction of their

longitudinal muscles tends to bend them inward. Movements to avoid enemies

are occasionally like those already described, but may take the form of sud-

den, active, and very powerful muscular contraction. Similar movements may

be produced artificially by changes in environment or by unnatural stimuli.

The results of these movements depend of course upon the muscular systems

involved. ^Vlieu the whole animal is affected, the body becomes reduced in

bulk, both the longitudinal and lateral diameters being evidently decreased;

the tentacles may be so strongly contracted as to be entirely invisible, crowded

as they are into the now concave surface of the oral disc. Contraction of

the circular muscles is always more max"ked than of the longitudinal, and may

go so far as to break the body up into a number of fragments. Such disas-
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trous movements, however, probably do not occur under ijornial conditions.

Subterranean species draw back into their burrows when attacked, and may
even retreat into them for some distance. Few, if any, Syna^itids swim, except

in the larval state, but young ones up to 2 em. in length are sometimes found

floating, if not swimming, in the water. They seem to move partly by the aid

of the tentacles and partly by undulatory movements of the body. Many
species crawl about with more or less activity, by means of the tentacles, and

a few forms can climb the glass walls of aquaria, using the glandular sensory

epithelium of the outside of the tentacle tips as adhesive organs. In rare cases

the calcareous particles of the body-wall assist in climbing about in seaweeds.

As for the rate of movement, it of course varies greatly with the individual and

the external conditions, but a healthy Synaptid of moderate size can move

from 20 to 30 mm. per minute; larger specimens may move more rapidly.

Digestion and absorption.—So far as is known, these processes show no

special peculiarities, taking place as they do in a remarkably simple alimen-

tary system. The food pushed into the mouth by the tentacles is carried by

the short and narrow oesophagus into the stomach, where it becomes mixed

with the digestive secretion of the gastric glands. Digestion begins here, but

probably takes place also in the intestine, while absorption, which may take

place to a certain extent in the stomach wall, is mainly accomi')lished by the

wall of the intestine, the absorbed food material being received in the two

main trunks of blood system through an extensive system of lacun;e in the in-

testinal wall. The rectum receives and ultimately rejects the excrement. It

is possible that the "larval glandular organs" of Synaptula hydriformis

(see page 61) and the "contractile rosettes" of Leptosynapta minuta (see

Becher, : 06) are absorptive organs, but it is by no means certain what their

function is.

Circulation and nutrition.—There is no true circulation in the blood-sys-

tem of the Synaptidje, and the so-called blood plays no part in the carrying of

oxygen to the tissues or in removing excreta from them. We are to look

upon the movements of the fluid as normally away from the digestive system

to the various parts of the body, and as carrying simply the absorbed food to

its destination. The system thus is essential to normal and healthful nutrition,

but cannot be considered as in any true sense a circulatory system. There is

no heart or other vascular organ for propelling the fluid, but contractions of the

muscles in the wall of the alimentary canal serve to force the fluid products of

digestion into the lacunas and thence into the larger vessels, and from them on

and away, while contractions of the nniscles in the body-wall and elsewhere

may serve to open up the minute lacunar spaces that drink in the nutritious

fluid. No proper investigations of the fluid or its movements in a Synaptid

have yet been made, and whether the corpuscles play any important part is

unknown.
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Respiration.—The providing of oxygen for the tissues of the body is not

delegated to any particular system, so far as we know, but the needed gas is

taken from the water directly through the skin, probably of all parts of the

body, Init particularly of the tentacles. Probably some oxygen passes entirely

through the skin into the body-cavity fluid, whence the alimentary canal and

reproductive system may be supplied. Naturally the tentacles and anterior

part of the body require more oxygen than other parts, and there is some rea-

son for believing that the oral disc and tentacles are particularly active in

respiration. There is no reason for attaching any resj^iratory function to the

blood system, but we as yet know nothing of the actual movements of gases to,

from, or in the tissues.

Excretion.—The getting rid of waste matter from the tissues takes place in

Synaptids as in other echinoderms, chiefly by means of the wandering cells

already referred to (p. 48), but assisted in a large measure by the peculiar

ciliated funnels (p. 57) so characteristic of the family. Wliether the water-

vascular system, the lilood system, or the alimentary canal play any part in

excretion we do not know. Excreta passes into the body-cavity fluid from all

those tissues which it touches, and much or all of this waste matter, certainly

if it be in solid particles, is sooner or later swept into the ciliated funnels.

It collects there and seems to be seized on by the "wandering cells," which

carry it into the connective tissue of the body-wall. Here these cells may re-

main indefinitely, but probably most of them ultimately pass on through the

skin to the water outside. Fluid and gaseous excreta probably pass directly

through the skin into the water. As a matter of fact, we really have almost

no evidence on the subject of excretion, except observations made on the action

of the ciliated funnels, and while collecting solid particles from the body-

cavity fluid is undoubtedly an important function of these organs, it is by no

means proven that they are exclusively excretoiy. As for the wandering cells,

most statements regarding them are hypothetical, but there is some evidence in

support of the view that as the animal grows older, these cells, with their

loads of excreta, collect more and more thickly in the skin and cause the darker

or brighter colors which large Synaptids show as compared with their young.

What the essential difference is between such cells and the normal pigment

cells has yet to be shown, but there can be little doubt that there is a definite

correlation between color and excretion. Whether the calcareous particles are

to be regarded as the product of excretion is an open question.

Sensation.—The senses of a Synaptid are apparently very simple. Touch

is the most widely distributed, almost any part of the body responding to a

mechanical stimulus, but it is specially keen in the digits of the tentacles, which

are exceedingly sensitive. So far as we can interpret the actions of a Synap-

tid, the sensations caused by a mechanical stimulus is the same as in all other
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animals, and the character of the object touched is appreciated to a limited

degree. In some cases at least food is recognized apparently by the sense of

touch only. Sight is seemingly limited merely to the distinguishing between

light and shade, and is probably confined to those species which have special

light-detecting organs, but it is entirely conceivable that in other species light

may in some way act as a stimulus. Experiment has shown that some such

sense as that of taste or smell is apparently possessed by those species

which have the special gustatory organs or cups on the inner face of the

tentacles, and that this sense is located in these cups. The evidence is not

conclusive, however, and it is not known whether any such sense exists in other

Synaptids or not. The sense of hearing is apparently entirely lacking, but

the sense of position is good, and experiment has shown that the difference

between going up and going ioivn is perfectly evident to a moving Synapta.

There is no doubt either that this sense is located in the so-called "otocysts"

(positional organs) at the base of the tentacles. There is no evidence of any-

thing like intelligence in the actions of Synaptas, and even their movements

are apparently not dependent on an intact nervous system or even an unin-

jured circumoral nerve-ring; for the severing of the nerve-ring in half a

dozen places does not, after the first shock is over, interfere with normal co-

ordinated movements. The habit of contracting the body so strongly as to

rupture the body-wall is frequent, and may possibly indicate a lack of any

such feeling as that which we call pain, but it is out of the question to determine

positively whether a Synaptid feels pain or not. Stupefying by means of

magnesium sulphate, chloral, etc., is, as a rule, easily accomplished to such an

extent as to render the animal unresponsive to any sort of stimulus. The

difference between a sandy (or muddy) bottom and a glass (or porcelain) sur-

face is rather slowly detected, but leads to definite alteration of conduct and

movement. Changes in the composition of the water (percentage of salts, COn,

etc.) are readily detected and also lead to altered movements, but it is doubt-

ful how far these are due to nervous stimulation.

Regeneration.—The power of regeneration in Synaptids is quite remark-

able in some ways, but as yet very little experimental work has been done to

show how great it is. One or more tentacles, even the whole circle, will be

reproduced if external conditions are at all favorable, but if the whole oral

end is cut off, there seems to be no power of reproducing it. On the other

hand, if the body is bisected, the anterior end appears to be able to reproduce

the posterior portion, although the latter cannot form a new oral end for it-

self. This seems to be true, no matter where the bisection is made. Appar-

ently it is not essential that any considerable portion of the alimentary canal or

blood system should be left in the regenerating part. No experiments have

been carried through to show how far sense-organs or nerves can be re-

produced.
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Repkoduction.—Eeproduetion in the Synaptid* is always sexual, but a

large number of species, probably the great majority, are hermaphroditic.

Fertilization ordinarily takes place in the water, outside the body of the egg-

producing individual, but in the viviparous forms it seems to occiir in the body-

cavity or even in the genital ducts. So far as known, there is nothing like

sexual imion between two individuals, but the viviparous species are often, if

not always, more or less gregarious, so that fertilization is thereby facilitated.

In the great majority of cases, the fertilized eggs undergo their development

in the water entirely independent of the parent, but in four species they are

known to be retained in the body and undergo their development there. In

one case {Tmnogyrus covtortus) the development takes place within the gen-

ital tubes, which thus serve as a uterus, but in the other cases {Syyiaptula

hydriformis, Leptosynapta minuta, Chiridota rotifera) the body-cavity serves

as the brood-pouch. How the eggs get into the body-cavity is not certainly

known, l)ut it is supposed that they pass in from the ovaries directly by rupture

of the covering epithelium. When and where fertilization takes place, in such

a case, are undetermined points, but probably it occurs after the eggs have

left the ovai-y and are free in the body-cavity. If such is the case, the sper-

matozoa must pass into the ccelum either directly from the hermaphroditic

gonads or else indirectly through the wall of the rectum, openings in which

are present in Synaptiila hydriformis. In Tceniogyrus contortus the sexes

are separate and the spermatozoa must enter the uterus from the outside water.

The young remain in the body-cavity of S. hydrifonnis until 5 mm. or more

(sometimes 20 mm.) in length, and are then born by a rupture of the body-

wall near the rear of the body. In T. contortus the young remain in the uterus

until 3 mm. long, and then pass out through the genital opening. Little is

known as to the frequency with which young are produced or the number of

eggs matured at each breeding period, but some of the tropical Synaptas seem

to breed throughout the year, while the more northern species are known to

mature their reproductive cells only in the spring or summer. The nimiber of

eggs produced at each sexual period seems to range from five to several hun-

dred, but the exact limits are not known in even one species.

Ecology.

The SynaptidiB are all marine animals and have a bathymetrical range

from above low-water mark to at least 4,200 meters. The very great majority,

however, are littoral forms and there are few species occurring at depths of over

350 meters. They are found in all parts of the world, but seem to be most

abundant in the region southeast of Asia, where more than half the reported

species are said to occur. They appear to be least abundant in the region west

of South America, where no species is known to occur. An unusual number
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of genera occur in the Arctic and Subarctic region, but the number of species

there is not large. Several of the tropical species occur in mangrove swamps,

where the sea-water is not as saline as on the reefs, and at least one of the

Philippine species is known to live ordinarily in distinctly brackish water. As
a rule, however, the Sjmaptids are quite susceptible to impurities in the water

and are to be found only where it is clean and well aerated. Three quite

distinct groujis, in the matter of habitat, can be recognized, though they are

not sharply distinguished from each other. First, there are those species

which are really subterranean, living buried in the sand or mud and rarely

coming out from their burrows. A second group is made up of those species

which live under stones and in similar hiding places ; and third are those

species which live among corals or seaweeds, not concealed, except as their

color and form harmonize with their surroundings. The habitat of any given

species varies in different regions, so that subterranean species are often

found under rocks, and similar situations are sometimes frequented by species

which are ordinarily unconcealed. A certain amount of correlation between

color and habitat is seen throughout the family, for the brightly colored species

are those which live among corals, while the white, colorless, or inconspicuous

species are usually subterranean or at least lie concealed under stones. In

some cases this correlation is very striking; for examiile, Synaptula hydriformis

in Jamaican waters is reddish brown in color, in perfect harmony with the

seaweed it inhabits, while at the Bermudas it is more or less bright green, in

harmony with the Ulvacete among which it lives.

Very little is really known as to the food of the Synaptidfe, but the alimen-

tary canal is usually found well filled with particles of sand and other inorganic

substances, which are taken in with the food. The tentacles of a living SjTiap-

tid are in almost constant motion, continually bending in toward the mouth,

and then curving outward again, and it is often possible to see particles of

solid matter being pushed into the mouth. In Synaptula hydriformis the food

is largely, if not wholly, vegetable, diatoms forming a conspicuous part of it,

and it is probable that the same is true of all those species which live in sea-

weeds. The food of Leptosynapta inhccrens is organic matter, taken in with

the sand through which it burrows, and apparently consists of both animal

and vegetable remains
;
probably all of the subterranean species and those

which live under stones feed on similar material. Whether the species which

live among corals are carnivorous has yet to be shown; on a priori grounds, it

is highly improbable.

Like all holothurians, Synaptids are very inactive animals. Unless irri-

tated by some exceptional external stimulus, their movements are slow and

uniform. There is no good ground for believing that they are more active

during the night than in daylight. Those forms which live under stones ap-
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pear to be the most restricted in their movements; for while both the sub-

terranean and the free-living forms are more or less eontinnally moving about

in search of food, thej^ seem to remain for long periods of time in a single

spot. As a rule, Syuaptids do not thrive in aquaria, but some of the sub-

terranean forms will do very well if there is an abundance of pure sea-

water. The free-living forms are very sensitive to changed conditions and

soon die in ordinary aquaria. The length of life and the rate of growth are

wholly unknown, though there is reason to believe that both are closely cor-

related with the abundance of the food supply. It is hard to say whether

Synaptids have any enemies of importance or not; so far as we know, they are

not sought after by any animals, but it is difficult to see why they would not

serve, as well as worms, for food for fishes. Some starfishes and a few mol-

lusks are known to eat holothurians and some Synaptids may be destroyed by

such foes. Parasites are quite common; some half dozen sporozoans, a sponge,

several trematode worms, a rotifer, a crustacean, and half a dozen mollusks

are already known, which live upon or within some Synaptid, and there are

doubtless others which have not yet been noted. Some of these probably

obtain little, if any, nourishment from their host, but some of the internal

forms are true parasites of the most degenerate kind. "Whether any of them

seriously enfeeble their host is, however, an open question.

Abnormal individuals (aside from some diversity in the number of tenta-

cles) have only been reported in the case of Synaptula hydriformis, where the

young are sometimes more or less grown together in pairs (Plate VI, fig. 22)

or triplets, occasionally even in quartets and quintets. It is more than doubtful

whether these monsti'osities ever reach maturity, but one adult with only 3

radii and 11 tentacles has been recorded. Additional tentacles and abnormal

calcareous particles are frequent and are known in many species. So far as

the human race is concerned, the Synaptid;c are absolutely useless; none of

them serves as food or even as the source of articles or substances which are

of the least value to man, nor do they furnish food for any animal of commer-

cial importance. The geological history of the S^maptida^ is very imperfectly

known, but calcareous ]iarticles clearly referable to members of the family have

been found in Eocene rocks, and there is reason to believe that the family

dates back to the Cretaceous period at least.

Taxology.

The classification adopted in this report has already been discussed and

fully outlined (pp. 14-17), but a few words may be added here in explana-

tion of the principles which -have been used in determining the validity of the

genera and species herein accepted. In attempting to distinguish a "good

species," it is essential that the possibilities of individual diversity should
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not be forgotten; for this reason it is unfortunate when it is necessary to

describe a new species from a single specimen, but this necessity often arises.

As a general rule, however, we may say that any individual Synaptid belongs

to that species of its own genus which inhabits the region where it was taken,

unless it shows a marked and tangible difference, constant and without any in-

tergrading series, either in the form or size of the calcareous particles, in the

number or form of the tentacles, or in the special localization of the calcareous

particles in spots, rows or papilla'. Tn case more than one species of the

genus occurs in the region where the individual under consideration was taken,

the latter will of course be compared with each one and assigned to that one

which it most nearly resembles, unless it shows some one or more of the above-

mentioned differences. In case such a difference does appear, the individual

is then compared with all other known species of the genus, regardless of local-

ity, and in case the difference is still unique, it must then be given a new name.

On the other hand, great care must be used to prevent confusing really dis-

tinct species from one side of the globe with nearly related ones from the other;

on a priori grounds, it is to be assumed that a species from the Atlantic Ocean

is distinct from its nearest allies in the western Pacific. Even slight differ-

ences, if they are constant, may be iised to distinguish species from widely

separated areas. Of course, however, it is understood that the character must

be sufficient to distinguish individuals of the allied species from each other,

regardless of whether their geographical habitat is known or not. Of char-

acters used to distinguish species, the most reliable and satisfactory are un-

doubtedly the chief calcareous particles of the body-wall, their form, size, and

distribution; making proper allowance for individual diversity and the possi-

ble solutive effects of preserving fluids, these deposits are remarkably constant

in any species. The number and form of the tentacles are good characters, if

the specimen is unquestionably mature, but differences in the form and abun-

dance of the lesser calcareous deposits, in the number and length of the digits,

in the presence or absence of a web or memlirane between digits or between

tentacles, and in the relative length of the tentacles must all be regarded with

great suspicion, especially if only preserved material is available; of course,

where plenty of living material is at hand, some of these characters may

prove to be of great importance. Color and size are valuable characters in

some species, but very little weight can be attached to them except where a

large amount of living or fresh material has been examined. Several other ex-

ternal characters, such as roughness or thickness .of the body-wall, i^rominence

of verrucfE (see p. 43), and proportion of diameter to length, have been used

in describing species, but little or no weight attaches to them, as a rule. Of

internal characters, the form of the pieces of the calcareous ring is the best;

but even in this there is some individual diversity. The number of polian ves-
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sels and stoue-canals, the form of the ciliated funnels, the arrangement of the

alimentary canal and its mesemsries, the form of the longitudinal muscles (in-

cluding the presence of so-called "retractors"), and the appearance of the re-

productive organs are all characters which are subject to much individual di-

versity, often according to age, time of year, size, and habitat, and little

weight can be placed on them in distinguishing species. Of characters for

distinguishing genera, aside from the calcareous particles, the number and

the form of the tentacles are the best, and while others may occasionally be

used, no great weight attaches to them. The genera used in this report are

easily recognizable (except that Molpadia and Caudina are not always distinct

from each other), and there need be no difficulty in distinguishing them. Un-

fortunately the same cannot be said for the species. Many of the latter are

very closely related, but still apparently distinguishable, and must be retained

for the ijresent, while others are almost certainly based on abnormal or im-

mature individuals. In other cases it is quite possible that two or more species

are included under a single name. No doubt the present compiler has made

errors in many cases, but it is hoped that in spite of these the classification

here offered may prove satisfactory to students of the Synaptida% and may

be the basis for much further investigation of the taxology of the group.

Key to the Subfamilies of Synaptid^.

A.—No wheels, sigmoid or bracket-shaped particles present in the skin, but usually anchors

and perforated plates ; deposits rarely wholly wanting ; tentacles never peltato-digitate.

Synaptin.e

,4.4.—Wiicels, sigmoifl or bracket-shaped particles commonly present in the skin, but no

ancliors; deposits sometimes wholly wanting; tentacles commonh' peltato-digitate.

Wheels present or wanting; if present, never with more than six spokes.

ClIIRIDOTIN.^i:

Wheels present, with eight or more spokes .^Myriotkochin^

SYNAPTIN^ Ostergren, 1898&.

Tentacles with the stalk cylindrical or terete, not becoming widened dis-

tally, either with digits along each side for most of its length {pmnate) or with

only one or two digits on each side near the tip {digitate) or without digits

at all {simple). Calcareous deposits, usually anchors and perforated plates,

often accompanied by irregular, curved rods or minute particles {milkny

granules), but any or all of these may be wanting. Hermaphroditic so far as

known, except possibly Ehabdomolgus.

Tn the following keys and descriptions the terms which are used are com-

monly self-explanatory, but some explanation is needed of those used in

reference to the calcareous particles. The term miliary granules does not

include any particles occurring in the tentacles or in the longitudinal

muscles, so that a species in which it is stated that the "miliary granules
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are wanting" may have supporting rods in the tentacles and small oval

bodies in the longitudinal muscles. When the miliary granules have a number

of short curved branches, they are called rosettes. The dii¥erent parts of the

anchor are the arms and the shaft; the point where the arms meet and join the

shaft is the vertex, and this is the anterior end; at the opposite {posterior) end

of the shaft is the stock. The anchor-plate lies below the anchor, and the end

beneath the stock is of course the posterior end; it is across this end that the

rod extends, which is called the boiv; the anterior end is commonly the wider.

In the key to the genus Protankyra the term "accessory calcareous particles"

is used for any calcareous bodies in the skin {not in the tentacles) other than

the anchors and their plates.

Key to the Genera of Synaptin^.

4.—Calcareous particles jjreseiit in form of anchors and anchor-plates.

B.—Arms of anchor smooth; vertex usually with minute knob-like projections (plate

IV, figs. 17, 25).

C.—Cartilaginous ring posterior to calcareous ring usually wanting; stock of

anchor branched irregularly (plate iv, fig. 25).

Calcareous ring without noticeable anterior projections ; stone-canals

not numerous; anchor-plates not abruptly contracted at posterior

end, but with a large, smooth hole on each side (plate iv, fig. 2-±).

EUAPTA

Calcareous ring with conspicuous anterior projections; stone-canals

numerous; anchor-plates aliruptly contracted posteriorly, and thus

lacking a large, smooth hole on each side (plate v, fig. 24).

Opheodesoma

CC.—Cartilaginous ring commonly present; stock of anchor not branched (plate

IV, fig. IT).

D.—Tentacles numerous, normally 25 Polyplectana

PD.—Tentfcles normally 15 or fewer.

Sis:e very large; anchor-plates subrectangular or irregular, wqtli

numerous smooth holes (plate iv, fig. 19) Synapta

Size diverse; anchor-plates rounded in front, narrow behind, with

few holes, the largest dentate and regularly arranged (plate vi,

figs. 11, 12) Synaptula

BB.—Arms of anchor usually serrate, sometimes smooth; vertex without knobs (plate iv,

figs. 3, 8, 12, 15; plate v, figs. 1, 3, 5).

C._Tentacles pinnate, with 5-21 (usually more than 7) digits or simply pin-

nately notched, without digits Leptosynapta

C(7._Tentacles digitate with 3-5 digits.

Anchor-plates abruptly narrowed into a sort of handle (plate v. fig. 23)

Labidoplax

Anchor-plates irregular with numerous holes, not narrowed into a handle

(plate IV. figs. 4, 5, 9, 13) Protankyra

A A.—Calcareous particles never in form of anchors or perforated plates.

5.—Tentacles 12, with digits.

Tentacles pinnate, with 5-13 digits Anapta

Tentacles digitate, as in Protankyra, with only 4 digits Dactylapta

BB.—Teniades 10, without digits Ehabdomolgus
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EUAPTA dstergren, 1898b.

Tentacles pinnate, 15, occasionally 16; individuals not fully mature often

have 12, 13, or 14. Digits numerous, 10-35 on each side. Cartilaginous ring

usually wanting. Poliau vessels numerous. Stone-canals one or more. Sense-

organs, in form of pigment-eyes at bas9 of tentacles on oral disc, often present.

Stock of anchors distinctly branched; arms smooth; vertex with some minute

knobs. Anchor-plates with large central hole surrounded by six (rarely seven)

other large holes, all more or less dentate, and with several holes of variable

size and arrangement (one on each side, large), but with smooth margins, at

posterior end, where a well-formed and arched bow crosses outer surface of plate.

The Synaptids of this genus are of large size and variable color, shades

of brown, dull green, and gray predominating. They occur in shallow water,

ujjon or near reefs in tropical seas. The number of valid species is doubtful, as

it is impossible to determine from the material and data now available what is

the status of the following forms, which seem to belong here or in one of the next

four genera: Fistularia fusca and puncfulata Quoy and Gaimard, 1833; Onci-

nolabes mollis Brandt, 1835; Synapta intestinalis, raynaldi and zehrina Held,

1857, and Fistularia vittata Forskal, 1775 (see under Synaptula, p. 80). The

forms here recognized as valid species may not prove, on examination of more

extensive material, to be distinct. The differences which are supposed to sepa-

rate them are really very slight and doubtless variable, and further study of

the living animals is necessary to fully determine their relationship.

Kkt to the Species of Euapta

Base of digits united by a membrane; malformation of anebors more or less frequent; East

Indian godeffroyi

Base of digits not united by a membrane; malformation of anchors very rare; West Indian.

LAPPA

Euapta godeffroyi.

Synapta godeffroyi Semper, 1868, p. 231. Calcareous ring and particles, pi. xxxix,

fig. 13.

Euapta godeffroyi Ostergren, 1898&.

Length.—200-400 mm., with diameter 15-20 mm.

Color.—Yellowish gray or creamy-white, with radii indicated by greenish-

brown or pale brown stripes, and the dorsal interradii marked with large, dusky

greenish-brown blotches. Young speckled with silvery gray (Bedford, '99(().

Distribution.—Eeported from Mauritius (Ilaacke, Ludwig) ; Thursday

Island, Torres Strait (Sluiter); Great Sangir Island, Celebes (Sluiter);

Pelew Islands (Bedford) ; Cai'oline Islands (Bedford) ; Fiji Islands (Lam-

pert) ; Eotuma (Bedford) ; Samoa (Semper) ; and Hawaii (Fisher). Aii])arently
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ranging throughout the Indo-Pacific region, between 50° E. and 155° W. longi-

tude and 20° N. and 20° S. latitude, although it has not yet been found about

either Ceylon or the Philippines.

Bemarks.—Fisher ( : 07) gives a very good account of the appearance in

life and the anatomy of this species. It occurs among pebbles and coral on

sandy or gravelly bottoms, in the Hawaiian Islands, but is apparently not very

common.

EUAPTA LAPPA.

Plate IV, Figs. 23-25.

Synapta lappa Miiller, If 50, p. 134. Calcareow; ring, witli some anatomioal detaik,

in Miiller, 1854, pi. x. fig. 4; calcareous particles, ]il. vi, fig. 17.

Synapta polii Ludwig, 1874, p. 80.

Euapta lappa Ostergren, 1898&.

Euapta polii Ostergren, 1898&.

Length.—200-450 mm., with diameter 15-20 mm.
Color.—Silvery gray, finely mottled with black and white; interradii often

distinctly darker, the specimen appearing imperfectly longitudinally striped;

occasionally the ground color is brown and tlie longitudinal stripes almost

black; the numerous white specks are due to the crowded miliary granules.

Distribution.—Reported from "West Indies" (Miiller); Gomera, off Ten-

eriffe (Theel) ; Barbados (Ludwig) ; Jamaica and Porto Rico (Clark) ; Ber-

muda (Clark, antea)
;
probably ranging throughout the Caribbean Sea and

southward along the coast of tropical America ; not yet known from Florida, but

extending eastward to the Canary Islands.

Remarks.—This species is quite common under fragments of coral rock on

sandy bottoms near the reefs about Jamaica. It is sluggish in all its move-

ments and apparently feeds on particles of organic matter pushed into the

mouth by the tentacles, which seem to be in constant movement. It is not at

all subterranean in habit, nor does it seem to occur among the living corals.

How long individuals remain under one piece of rock is an open question, but

they were never observed moving from one place to another, and it is quite pos-

sible that they remain throughout adult life in a single place. At the base of

each tentacle is a pair of conspicuous black pigment-spots, though whether they

function as light-detecting organs was not determined by the few observations

made. Ludwig 's description of his solitary specimen from Barbados, which he

named polii, leaves no doubt in my mind that it is identical with Miiller 's lappa.

OPHEODESOMA Fisher, 1907.

Tentacles pinnate, 14-16. Digits numerous, 10-35 on each side. Polian

vessels numerous. Stone-canals numerous. Anchors as in Euapta. Anchor-

plates with large central hole surrounded by six (rarely seven) large holes, all
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more or less dentate; posterior end of plate abruptlj^ narrowed so that there

are only a few small, smooth holes there ; a bow across plate is, however, present.

The general appearance of the synaptids of this genus is like that of an

Eiiapta or Synajtta, and the close relationship of the three genera is obvious.

The number of valid species is doubtful, but can only be determined by the ex-

amination of much material. All the described species are Indo-Pacifie in

their distribution.

Key to the Species of Opheodesoma.

^•1.—Base of digits united by a membrane; color, rcddisli lirown or lighter, either uniform or

spotted and marbled with other colors.

Surface of body smooth, not roughened by ancliors; cartilaginous ring absent.

GLABRA

Surface of body very rough from anchors; cartilaginous ring well developed.

SPECTABILIS

A A.—Base of digits not united by a membrane; miliary granules numerous and aggregated

into heaps; color, grayish, mottled.

Ground color obscured by numerous irregular spots and narrow dusky bands (some-

times white, without markings) grisea

Ground color clear greenish-gray or dusky yellowish-brown, with few large blotches

(sometimes wanting) and broad dusky bands, some or all of which may be very

indistinct serpentina

Opheodesoma glabra.

Plate V, Fig. 24.

Synapta (jlabra Semper, 1868, p. 12; pi. ii. Calcareous ring and parti ^les, pi. iv, fig. 8.

Euapta glabra Ostergren, 1898&.

Opheodesoma glabra Fisher, 1907.

Length.—300-900 mm., with diameter about 25 mm.
Color.—Uniformly reddish brown, the tentacles greenish brown; accord-

ing to Sluiter ('94), a large specimen from Saleyer was whitish, but possibly

it was bleached by the formalin in which it was preserved.

Distribution.—Reported from Bohol, Philippines (Semper) ; Cebu, Philip-

pines (Theel); Amboina (Sluiter); Bima and Saleyer, D. E. T. (Sluiter);

Thursday Island, Torres Strait (Sluiter); and Fiji Islands (Theel). Prob-

ably having the same range as godeffroyi, although not yet known from any

station west of Bima.

Remarks.—Nothing is recorded of the habitat or habits of this species. It

seems to be well characterized by the dark color, smooth, thick skin, scattered

miliary granules, numerous stone-canals and polian vessels, and webbed digits,

but the constancy of these characters is not beyond question.
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Opheodesoma SPECTABILIS.

Oplicodesoma spectaMis Fisher, 1907, p. 733; pi. lxvi. Calcareous particles and ana-

tomical details, pi. lxxx, figs. 1, la-d; pi. lxxxi. fig. 2.

Length.—300-650 mm.

Color.—"In life, reddish-orange spotted with brown, the brown forming

transverse more or less interrupted bands ; ventral surface posteriorly grayish,

spotted with whitish and barred with dark gray. Tentacles, dark dull greenish"

(Fisher).

Distribution.—Hawaiian Islands (Fisher).

Remarks.—In view of Fisher's excellent description of this species and

his critical comparison of it with glabra, 1 am inclined to suspend judgment and

await further material before deciding that the two species are identical. I

have to thank Dr. Fisher for sending me an excellent specimen of this most

interesting form, which he reports as vexy common in Pearl Harbor, near

Honolulu.

Opheodesoma grtsea.

Synapta grisea Semper, 1868, p. 11. Calcareous ring and particles, pi. iv, figs. 6 and 7.

Euapta grisea Ostergren, 1898&.

Opheodesoma grisea Fisher, 1907.

Length.—300-900 mm., with diameter 20-25 mm.

Color.—Mottled dusky greenish and bluish gray, with narrow dusky lines

and irregular spots, the radii appearing as clearer stripes. Sluiter ('94) de-

scribes a white variety from Thursday Island, but it is possible the specimens

had bleached in the preserving fluid.

Distribution.—Reported from Bohol, Philippines (Semper); Bay at Bata-

via, Samoa, Timor, Bima, Pater Noster Islands, Sawan and Saleh, D. E. I.

(Sluiter); Thursday Island, Torres Strait (Sluiter); Fitzroy Island, Queens-

land (Bell); and Bowen, . Queensland (Theel). Probably with the same dis-

tribution as godeffroyi, though not yet reported so far east or west.

Remarks.—Were it not for Sluiter's ('88) opinion to the contrary, I should

have no hesitation in pronouncing this species identical with the next, but as

he has had abundant opportunities for comparing them, I yield to his judg-

ment. The difference in color is hardly of primary importance, while the dif-

ference, so often referred to in the calcareous rings, is very intangible. The

figure of grisea given by Semper ('68) is sufficiently different from that given

for serpe«im« by Miiller ('54), but Sluiter ('88) particularly says that in

grisea the anterior prolongations are as long as the rest of the ring is high,

thus making the whole structure like Miiller's figure. This species seems to be

a common reef-frequenting form in the East Indies aud along the northern

and eastern coasts of Australia, but nothing is recorded of its habits.
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Opheodesoma serpentina.

Synapia serpentina Miiller, 1850, p. 132. Calcareous ring and attachments in

Miiller, 1854, pi. ix, fig. 5, and calcareous particles, pi. vi, fig. 16.

Euapta serpentina Ostergren, 1898&.

pheodesoma serpentina Fisher, 1907.

Length.—300-900 mm., with diameter 20-25 mm.

Color.—Clear greenish gray or dusky yellowish brown, with or without

broad dusky bands and a few dusky blotches ; the bands are three or four times

as wide as the dusky lines in grisea.

Distribution.—Reported from Zanzibar (Selenka, Lampert, Ludwig) ; Cel-

ebes (Miiller); Bay of Batavia, Bima, Kur, Amboina, D. E. I. (Sluiter);

Ternate (v. Marenzeller) ; and Pulo Edam, E. I. (Ludwig). Apparently hav-

ing the same distribution as godeffroyi, though it has not yet been taken west

of the East India Islands.

Remarks.—Sluiter ('88) says this species is much more rare than grisea

in the Bay of Batavia, but is easily distinguished by the difference in color,

and adds that the calcareous ring is somewhat ditTerent. Later ('94) he says

that the only way the specimen from Amboina could be distinguished from

grisea was by the calcareous ring. Lampert ( '96) mentions a small specimen

with 17 tentacles, notes some interesting color variations, and calls attention

to the resemblance to grisea. It is very probable that the two species are iden-

tical.

POLYPLECTANA, gen. nov.

(ttoAu's, many, + TrAcKTamt, feelers; in reference to the numerous tentacles.)

Tentacles pinnate, 25, sometimes 26 or 27; individuals are often found

with 24 or fewer. Digits numerous, 15-40 on each side. Cartilaginous ring

present. Polian vessels very numerous, 20 or more. Stone-canal single. Stock

of anchors not branched, though finely toothed ; arms smooth, but vertex with

some minute knobs. Anchor-plates with large central hole, surrounded by six

other large holes, all dentate except the most i)Osterior, which may be smooth,

and with two large and several small entire holes at narrower posterior end,

where a well-formed and distinctly arched bow crosses outer surface of plate.

Miliary granules present, but tentacles without supporting rods.

This genus is monotypic, for I am unable to find any valid character by

-^^iich. to A\simg\\\sh Synapta hallipeplos Sluiter ('88) from the longer and

better-known Synapta hefersteinii Selenka ('67). As for Fistularia tenuis

Quoy and Gaimard ('33), I think it very unlikely that the specimen was a

Synaptid at all ; certainly it is impossible to determine the point positively.

The following, then, must be considered the type and only known species.
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POLYPLECTANA KEFEBSTEINII.

Plate IV, Figs. 20-22.

Synapta l-efersteinii Selenka, 1867, p. 360. Calcareous ring and jjarticles, pi. xx,

figs. 120-121.

Synapta lalUpeplos Sluiter, 1888, p. 217. Calcareous ring and particles, pi. ii, figs.

41-43.

Chondroclcea l-efersteinii Ostergren, 18986.

Chondroclcea L-allipeplos Ostergren, 18986.

Synapiula Irfersteinii Fisher, 1907.

Length.—250-450 mm., with diameter 10-15 mm.
Color.—Purplish, reddish brown, or dark brown, darker above than be-

neatli, and more or less speckled and spotted with lighter; the spots are pi'ob-

ably due to the heaps of miliary granules. In life the color is brownish-green

(Fisher).

Distribution.—Eeported from Kosseir, Red Sea (Lampert) ; Amboina,

Moluccas (Ludwig, Sluiter); Batavia, Java (Sluiter); Ternate (v. Marenzel-

ler) ; Rotuma (Bedford); Samoa (Semper); and Hawaii (Selenka, Fisher).

Probably occurring, like the preceding genus, throughout the Indo-Pacific region.

Remarks.—Nothing whatever is recorded concerning the habits of this

species, except that Sluiter ( '88) says of the specimen which he described as

Icallipeplos that it did not hide imder stones, but ei'ept about on the corals.

I see no reason to doubt that this individual was a large example of Jcefer-

steinii, in which the tentacles were still incompletely developed. Sluiter 's de-

scription of the calcareous ring would indicate a unique condition for a ma-

ture Synaptid with so many tentacles; but, after comparing his figure with

Selenka 's, I am inclined to think there is a possible mistake in his interpre-

tation of the condition he found, or possibly in adults of kefersteinii the inter-

radial pieces become completely merged together, each quintet becoming a

single i^iece. Sluiter 's specimen was much larger than any other that has been

recorded and the color was somewhat different, but these differences cannot

carry much weight. Semper ('68) says kefersteinii is common at Samoa, and it

would seem to be common also at Amboina. The specimens from the latter

island examined by Ludwig ('88) showed great diversity in the number of tenta-

cles; of 11 specimens, 1 had only 15, 6 had 20, 1 had 22, 2 had 26, and 1 had

27. The 8 examined by Sluiter ('94) were remarkable for the imperfect con-

dition of the calcareous particles, but he does not refer to the number of tenta-

cles
;
presumably, therefore, they had 25 each, as did those from Rotuma,

Kosseir, Samoa, and Hawaii.
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SYNAPTA Eschscholtz, 1829.

Chondroda'a Ostergren, 1898 (partim).

Tentacles pinnate, 15, occasionally Id; individuals not fully mature have

14 or fewer. Digits numerous, 15-30 on each side. Cartilaginous ring present.

Polian vessels very numerous (up to 50) and sometimes branched. Stone-

canal single and branched, or there may be two or even a small tuft of them.

Stock of anchors finely toothed, but not branched; arms smooth, but vertex,

with a few minute knobs, arranged in one or two groups. Anchor-plates sub-

rectangular or irregular, much longer than wide, with seven or eight large, and

numerous small, smooth holes; at posterior end, on outer side, a well-arched

bow crosses plate. Miliary granules abundant, but tentacles without sup-

porting rods.

This is also a monotypic genus (with the type species maculata) and may
be easily recognized by the large size and the characteristic calcareous parti-

cles, while the branched polian vessels and stone-canals are also notable.

Theel ('86«) considers, with good reason, that Lesson's ('30) HolotJiiiria

oceanica is synonymous with the single species of this genus. Whether Oiicin-

olahes forsteri and fuscescens of Brandt ('35), Holothuria radiosa of Eeynaud

(in Lesson '30), Holothuria tentaculata of Forster (in de Blainville '21), Fis-

tularia doreyana of Quoy and Gaimard ('33), and Syiiapta fasciata of Kuhl

and Van Hasselt ('69) also belong here it is impossible to say positively, but

some, if not all, of them probably do.

Synapta maculata.

Plates I and IV, Figs. 17-19 and 26.

Holothuria maculata Chamisso and Eysenliardt, 18'i\, p. 352, pi. xxv.

Synapta mammillosa Eschscholtz, 1829, Hpt. 2, p. 12; pi. x. fig. 1.

Holothuria oceanica Lesson, 1830, p. 99; pi. 35.

Synapta beselii Jiiger, 1833, p. 15; Semj^er, 1868, pi. i. Calcareous particles in

Theel, 1886«, pi. i. fig. 12.

Synapta oceanica Jiiger, 1833.

Synapta mammillosa Jiiger, 1833.

Synapta maculata Jager, 1833.

Synapta asfrolahi Held, 1857, p. 269.

Synapta agasnizii Selenka, 1867, p. 361.

Synapta Beselii (also Besellii) Tenison-Woods, 1880, p. 13'.>.

Chondroda'a heselii ()stergren, 1898&.

Length.—1-2 meters with diameter not over 50 mm.

Color.—Brown, greenish brown, dark olive-green, or bluish gray, often

with large spots and blotches of darker and lighter shades, or less commonly

with the dark markings arranged in five longitudinal stripes. The striped

form is the agaf^sizii of Selenka, which Lanipert ( '85) considers a valid species
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and Bedford ('99rt) a good variety. Further investigation is necessary to de-

termine whether it is entitled to any recognition. Kent ('93) describes and

figures 5^. beselii as bright pink, and furthermore his figure shows hut 10 tenta-

cles. Whether the Australian Synaptid thus figured really exists must be de-

termined by other observers, but if it does, it is obviously not beselii.

Distribution.—Eeported from Kosseir, Eed Sea (Lampert) ; Zanzibar and

Mauritius (Lampert) ; Seychelles (Ludwig) ; Indian Ocean (Ludwig) ; Ceylon

(Pearson) ; Nicobar (Semper) ; Philippines (Semper) ; Celebes (Jager) ; nu-

merous stations, D. E. I. (Sluiter) ; Lucipara Islands (Lampert); Ternate (v.

Marenzeller) ; New Guinea (Bedford) ; Port Douglas, Queensland (Tenison-

Woods) ; Caroline Islands (Semper) ; New Hebrides (Theel) ; Marshall Islands,

(Chamisso and Eysenhardt) ; Samoan Islands (Semper); and Society Islands

(Eschscholtz, Theel). Evidently commonly and widely distributed throughout

the Indo-Pacific region.

Eemaeks.—There can be no question, I think, that Synapta mammillosa Esch-

scholtz and HolotJiuria oceanica Lesson are identical ; and that they are both the

same as Jager 's beselii hardly admits of question. There is more room for doubt

as regards iiiaculafa Ch. & Eys., but I am entirely satisfied that the holothu-

rian so designated is the same huge Synapta. On the first comparison of the

colored figures given by Eschscholtz and by Chamisso and Eysenhardt, it seems

incredible that they can both represent the same species, but when we read

their descriptions and see how far the plates are from showing the natural

colors as they give them, we realize that little weight can be placed on that

point. Moreover, Eschscholtz 's picture is seemingly taken from a strongly con-

tracted specimen showing big verrucae, while the specimen of maculata was

evidently in normal condition. It may be mentioned in passing that Semper 's

colored figure also represents the animal as having prominent verrucae, and

therefore probably in an unusual state of contraction. While it is not out of the

question that maculata should be Opheodesoma grisea (Semper), the latter

species is not known from any of the South Sea Islands, and the evidence,

such as it is, all points to beselii Jager as being the species figured by Chamisso

and Eysenhardt.

Although so well known to zoologists, very little is recorded of the

habits of this interesting giant Synaptid. Semper ('68) says they move

about between the rocks and on the sand of the reefs, but are exceedingly

sluggish. On account of their size and appearance they well deserve the name

"sea-serpent," which is sometimes applied to them. Studer (see Lampert

'89&), on the other hand, affirms that their movements among the blocks of coral

are remarkably swift for a holothurian. Sluiter ( '90) says that those he found

in the Bay of Batavia were exactly like Opheodesoma grisea in appearance and

could only be distinguished by an examination of the calcareous plates ; he adds

that while he at first overlooked ''beselii" on this account, more careful investi-

gation convinced him that it was really much more common there than grisea.
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SYNAPTULA Oersted, 1849.

nrterosynapta Yerrill, 1SG7.

Chondroclcea Ostergren, 1898 (partim).

Tentacles pinnate, 10-15. Digits at least five on each side. Cartilaginous

ring present. Polian vessels three or more. Stone-eanal single, unbranched.

Sense-organs in form of pigment-eyes at the base of tentacles on oral disc,

often (always?) present. Stock of anchors finely toothed, but not branched;

arms smooth, but vertex with a few minute knobs. Anchor-plates with a large

central hole surrounded by six other large holes, all more or less dentate, and

with two large and several small smooth holes at the narrow, posterior end,

where a well-formed and distinctly arched bow crosses outer surface of plate.

This genus contains an unusually large number of poorly described or im-

perfectly known species, so that it is exceedingly difficult to determine which

are valid. Those which are well known occur upon or among seaweeds and

corals, creeping about very slowly by means of their tentacles and the worm-

like movements of their bodies, clinging tenaciously to a rough surface by

their anchors, and feeding upon diatoms and other micro-organisms. All the

known members of the genus are tropical. It is almost certain that some of

the oriental species here given as valid are really identical with some of the

others, but further and more careful study of plentiful material is necessary

to determine their true relationships. ^Yliether Chiiidota verrucosa and lum-

bricoides {Synapta lumhricus Jager ('33) ) of Eschscholtz ('29) and Fistularia

reciprocans (Holothnria glutinosa Lamarck ( '16) ) and viftafa of Forskal

(1775) really belong to this genus it is simply impossible to say from the avail-

able evidence. The Synaptid which Herouard ('93) identified as reciprocans

is almost certainly Synaptula nigra; but, as Forskal's description is practi-

cally worthless, it is impossible to determine whether Herouard and he refer to

the same animal. As for vittata, Miiller ('54), Lampert ('85), Ludwig ('866),

Bedford ('99rt), and Sluiter (:01) all profess to have found it, but none of

them give any distinguishing characters or add anything to Forskal's (1775)

original inadequate description. Their remarks are not altogether consistent,

and it is hard even to determine the genus to which the species should be

referred. The figures given by Held ('57) show clearly that his specimen was

an Euapta. The name had better be entirely discarded and with it, of course,

Leuckart's genus Tiedemannia, of which it is the type. Since Oersted ('49)

made Synapta vivipara {^H. hydriforniis Le Sueur) the type of a new genus

Synaptula, it is clear that this name should have precedence over Ostergren's

(1898) name Chondroclcea, for Ostergren places Oersted's vivipara in his later

genus. It seems probable, however, that, as at present constituted, Synaptula

includes at least two groups of species which further knowledge will necessi-

tate recognizing as separate genera; one of these is best represented by nigra



THE APODOUS HOLOTHURIANS 81

and the other by vivipara. Should these groups be separated in the future, the

former would of course be called Chondrocloi'a, unless indeed Forskal's vittata

is rediscovered and found to belong in that genus, which would then, appar-

ently, have to be called Tiedemannia.^

Key to the Species of Synaptula.

A.—Tentacles 15, with numerous digits (20-30 pairs) united at their bases by a thin

membrane; color uniform dark brown or violet nigra

AA.—Tentacles 12-13 (often 15 in recta, perhaps normally in adults), with 10-30 pairs of

digits (pi. VI, fig. 19).

B.—Tentacles normally 12, with 10-20 pairs of digits; viviparous; occidental.

HYDRIFORMIS

BS.—Tftitacles usually 13 (often 15), with 10-30 pairs of digits; not viviparous so

far as known; oriental.

C.—Gonads unbranched; polian vessels few; tentacles very long and slender,

with about 10 pairs of digits indivisa

CC.—Gonads branched; polian vessels mimerous; tentacles not excessively elon-

gated.

D.—Miliary granules very minute, simple oval bodies usually arranged

in circles; color gray, with darker spots psara

DD.—Miliary granules irregular rosettes.

Color, very variable; digits very short recta

Color, dark hrown-violet. longitudinally striped with white ; digits

long and united by a delicate membrane virgata

/144.—Tentacles 10

Digits numerous (12-15 pairs), long; color, milk-white oi ith a rosy tint, .lactea

Digits few (5-6 pairs), short; color variable, but not whitj reticulata

Synaptula nigra.

Synapta nigra Semper, 1868, p. 12. Calcareous particles, pi. iv, fig. 9.

Synapta orsinii Ludwig, 18866. p. 33.

Synapta reciproquans Herouard, 1893, p. 137.

Chondroclcea nigra Ostergren, 1898&.

Chondroiloca orginii Ostergren, 18986.

Length.—100-200 mm.; Semper's type was only 60 mm.

Qon)R.—Dark brown, deep brownisli red or violet, sometimes with a black

longitudinal stripe on the outer surface of each tentacle.

Distribution.—Reported from Bohol, Philippines (Semper); Australia,

and Eed Sea (Lampert) ; Margalla Bay, Assab (Ludwig), and Fontaine de

Moise, Red Sea (Herouard). Probably occurs along the entire southern coast

of Asia, throughout the East Indian Archipelago, and southward to Australia.

Remarks.—This is one of the least-known members of the genus, no addi-

tional information regarding it having appeared since Semper's original de-

scription, save for the localities given by Lampert ('85), the description of a

specimen from the Red Sea as a new species {orsinii) by Ludwig ('86), and

Tor an excellent discussion of this point see Fisher (-.07), pp. 718-719.
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the remarks of Heroiaard ('93) concerning a specimen, also from the Bed Sea,

which he identifies with reciprocans Forskal. My reasons for believing that

these latter specimens are really nigra are: (1) Ludwig's description agrees

perfectly with Semper 's, save for the color, the miliary grannies, and the

anchors and plates. (2) Heronard's account does not indicate a single differ-

ence between his specimen and nigra, save the numerous abnormal anchors.

(3) The difference in color between Ludwig's specimen and the others is ob-

viously not of great importance. (4) The anchors and plates of Ludwig's

specimen are exactly like those of Heronard's. (5) The miliary granules in

Heronard's specimen are exactly like those of Semper 's. (6) The appearance

of the miliary granules in Ludwig's specimen and their scarcity would indicate

the possibility at least of partial dissolution. It is practically impossible,

therefore, to draw even an arbitrary line of division between the specimens

of the three writers, and I am satisfied that they all refer to the same animal.

I do not believe, however, that it is possible to determine from the data at hand

whether this is one of Forskal 's Fistularias or not, but I am exceedingly

doubtful.

Synaptula hydriformis.

Plate VI.

Tlolothuria hydriformis Lesueiir, ISS-i, p. 162.

Holothuria viridis Lesueur, 1824, p. 163.

Synaptula vivipara Oersted, 1849, p. vii.

- Synapta viridis Pourtales, 1851, p. 14.

Synapia pourtalesii Selenka, 1867, p. 365.

Leptosynapta hydriformis Verrill, 1867.

Leptosynapta pourtalesii Terrill, 1867.

Heterosynapta viridis Yerrill, 1867.

Synapta vivipara Ludwig, 18S6&.

Synapta picta Theel, 1886a. p. 10.

Chondrodcea vivipara r)stergren, 189Sfc.

Length.—100-150 mm., with diameter from 4 to 9 mm.

Color.—Pale reddish brown to dark greenish brown or even green, more

or less mottled and spotted with white; these white specks are really aggrega-

tions of the abundant miliary granules. The ground color of the animal cor-

responds very well with the environment, the reddish tints predominating in

case the surroundings are mainly red and brown algir, while the green tints

prevail where the Syuaptids live among green alga?.

Distribution.—Reported from West Indies (Oersted) ; Bermuda (Theel,

Clark); Biscayne Bay, Florida (Pourtales); Watling's Island, Bahamas

(Clark, autea) ; Jamaica (Clark); St. Thomas (Lesueur): Guadeloupe

(Lesueur) ; and Abrolhos Eeef, Brazil (Ludwig) ; doubtless occurs in suitable

situations throughout the Caribbean Sea, the Ciulf of Mexico, and the warm
portion of the western Atlantic Ocean, from 32° N. to 18° S. latitude.
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Remaeks.—This is undoubtedly the best-known member of the genus, as

it is very common at Bermuda and in Kingston Harbor, Jamaica, and owing

to its being viviparous, it has attracted an imusual amount of attention. In

addition to the characters already mentioned, the presence on the oral disc of

a pair of pigment-eyes at the base of each tentacle, and the opening of the

stone-canal to the outside of the body are notable features of the anatomy.

It is a somewhat gregarious Synaptid, numbers of individuals occurring to-

gether. They live in tufts and patches of seaweeds, where they creep about by

means of their tentacles, the anchors assisting in clinging to the plants. In

Bermuda they live chiefly in ITlvacefe and are correspondingly green, while in

Jamaica they occur in Aeanthophora (one of the Florideae) and are very de-

cidedly reddish brown; so that Bermudan and Jamaican specimens appear

very ditferent at first sight. They are quite sensitive to changed conditions

and do not live well in aquaria. The food consists almost wholly of diatoms.

Breeding appears to go on throughout the entire year, for specimens taken in

April, May, June, July, September, and December all contained embryos and

yoimg at various stages of development. The eggs develop in the body cavity

of the parent, and the young ultimately escape through rupture of the body-

wall near the anus; as many as 176 young have been taken from a single in-

dividual. For a full account of the development, anatomy, and habits of this

interesting species, see Clark ('98a). There can be no doubt that Lesueur's

('24) viridis was a green specimen of vivipara, with incompletely developed

tentacles, and his hydriformis a red individual of the same species. His de-

scription of the latter answers admirably to living examples from Jamaica,

while his description of the former is sufficiently near (save for its abnormal

tentacles) to specimens from Bermuda to leave no doubt in my mind that they

are the same. Nor can there be any question that Pourtales' ('51) Synapta

from Biscayne Bay, which he called viridis, is identical with Lesueur's and

Oersted's West Indian species.

Synaptula indivisa.

Synapta indivisa Semper, 1868, p. 13. Calcareous particles, pi. iv. fig. 1.

Chondroclcea indivisa Ostergren, 1898&.

Length.—40 mm.

CoLOE.—"Translucent reddish gray" (Semper).

DisTEiBUTiON.—Reported from Zamboanga, Mindanao, Philippines (Sem-

per) ; Rotti, D. E. I. (Sluiter); and Thursday Island, Torres Strait (Sluiter).

Apparently confined to the East Indian region.

Remarks.—Nothing has been added to our knowledge of this species since

Semper 's original description, and no one but Sluiter ('94, :01) has seen a

specimen. The undivided gonads, the extraordinarily long and slender tenta-
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cles, and the small number (3) of polian vessels are notable characters, but

it is by no means improbable that this species will prove to be the young of

some other member of the genus, in spite of the fact that in Semper 's specimen

the gonads were "completely developed." The tentacles were very slender,

with 20 digits, and even in alcohol were two-fifths of the body length.

Stnaptxtla psaba.

Synapta psara Sluiter, 1888, p. 219.

Chondroclcea psara Ostergren, 1S08&.

Length.—400-500 mm.

Color.—Clear or dark gray, with irregular scattered darker patches, and

more or less clearly sprinkled with white dots, due to the calcareous deposits.

Distribution.—Reported from the Bay of Batavia, Java (Sluiter), and

Saleyer, 1). E. I. (Sluiter). Apparently entirely East Indian.

Remarks.—This species appears to be well characterized by its color and

the peculiar miliary granules. Sluiter ('88) says that it has in life the 10 rows

of prominent verrucie characteristic of the large Synaptas, and is in its general

appearance very similar to 0. grisea and serpentina. Like those species, it

occurs about the reefs.

Synaptula recta.

Synapta recta Semper, 186S, p. 1-1. Calcareous particles, pi. iv. figs. 2-3.

Synapta striata Sluiter, 1888, p. 216. Anchor and plate, pi. ii, figs. 39-40.

Chondroclcea recta Ostergren, 1898&.

Chondroclcea striata Ostergren, 1898&.

Chondroclwa alhopunctata Sluiter, 1901, p. 127.

Chondroclcea striata var. incurvata Vaney, 1905.

Length.—100-240 mm.

Color.—Apparently very variable; clear grayish yellow, variegated with

a network of dark brown or purple lines (Sluiter), or with alternate longi-

tudinal bands of dark and light gi'ay (Bedford), or dark violet finely reticu-

lated with yellowi.sh white (Semper), or striped lilac on a white ground (Pear-

son) ; more or less speckled with white, due to the calcareous deposits.

Distribution.—Reported from Bohol, Philippines (Semper) ; Owen Island,

Mergui Archipelago (Bell); Dutch East Indies (Koehler, Sluiter); China

Strait, New Guinea (Bedford) ; near east end of Timor (Sluiter) ; Batavia,

Java (Sluiter); Saleyer (Sluiter); Dutch East Indies (!) (Ludwig) ; Ceylon

(Pearson), and Gulf of Aden (Vaney). Apparently an East Indian species,

extending southward to New Guinea and westward to the coast of Africa.

Remarks.—Although Semper lays much stress on the fact that in his type

specimen the alimentary canal was straight (that is, without the customary

loop), I quite agree with Ostergren ( :05) that this is purely an individual
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pecialiarity without systematic importance. Accordingly, as Ludwig ('88) hints,

we must consider striata as identical with recta, the difference between the

anchors and plates of the two, to which Sluiter ('88) refers, being altogether

too slight to carry any" weight. Furthermore, I cannot consider alhopunctata

Sluiter ( :01) as other than recta with unusually abundant miliary granules,

although it may ultimately prove a valid species. Vaney's ( :05) variety in-

curvata is hardly entitled to recognition. It is most interesting, as showing

that 15 is probably the normal number of tentacles in the adult, as all of his

specimens had 15, and were larger than those reported by Pearson ( :03) from

Ceylon. The slight peculiarity in the anchors described by Vaney is probably

not constant, or it may have been overlooked by other observers. Nothing-

whatever is recorded as to the habits of recta. Semper reports it from water

11-15 m. deep and Sluiter ( :01) from 27-54; Bell ('86), Koehler ('95), and

Bedford ('99rt) give no information whatever regarding anatomy, habits, or

habitat.

Synaptula vikgata. '

Chondrodcca virgata Sluiter, 1901, p. 128; pi. i, fig. 5.

Chondroclcca aspera Sluiter, 1901, p. 128.

Length.—200 mm.

Color.—Brown violet, with longitudinal white stripes due to the very

numerous miliary granules.

Distribution.—Reported only from Salawatti and Gebe, D. E. I. (Slui-

ter).

Remarks.—Although it is by no means certain that this species is distinct

from the preceding, it may be provisionally accepted; but there does not ap-

pear to be any reason for regarding aspera Sluiter as other than a young

virgata, in which the miliary granules are entirely, and the anchors and plates

l)artially, dissolved by some acid preserving fluid; the difference in length of

anchors is not great enough to carry any weight, and the difference in number

of digits (if difference there be) is doubtless due to difference in age.

Synaptula lactea.

Synapta lactea Sluiter, 1888, p. 216.

Chondroclcea lactea dstergren, 1898&.

Length.—Not given, but apparently the size is about the same as in the

nest species.

Color.—Milk white, varying to clear rose.

Distribution.—Reported only from Batavia, Jedan, and Banda, D. E. 1.

(Sluiter).

Remarks.—This appears to be a well-marked species, though it has not yet

been met with by any one but Sluiter. He says that its manner of life is the

same as that of reticulata, creeping about on living corals in shallow water.
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Synaptula reticulata.

Synapta reticulata Semper, 1868, p. 13. Calcareuus ring and particles, pi. iv. figs. 4-5.

Chondrodcea reticulata Ostergren, 1898&.

Length.—100-160 mm.

Color.—Clear violet or brown, reeticulated with dark brown; or {vAv.via-

cnlatn Sluiter '88) with irregular blotches of dark violet or less often chestnut-

brown, sometimes forming irregular broad bands; or (Lampert '89&) light gray

with five narrow longitudinal, dark violet stripes; or (var. nigropurpurea Bed-

ford '99(7) dark, without markings, "crimson-black" when alive.

Distribution.—Eeported from Bohol (Semper); Mermaid Straits (Lam-

pert); Isle of Pines, New Caledonia (Bedford), and numerous stations in the

Dutch East Indies (Koehler, Sluiter).

Remarks.—Numerous specimens of this species have been examined by

Sluiter, and he regards it as well characterized. Both he and Lampert report

individual.s with 12 tentacles, and Sluiter's variety, maculota, has 11. There

is certainly room for suspicion that young individuals (and perhaps adults) of

two or more species are confused under the name reticulata. In its habits, this

Synaptid is remarkable for making its home on living corals, upon which it

creeps about very slowly. In its clinging closely to rough surfaces by means

of the anchors and its power to climb up a vertical glass plate, reticulata re-

sembles hydriformis.

LEPTOSYNAPTA Verrill, 1867.

Synapta Ostergren, 1898.

Tentacles pinnate, 10-13. Digits usually four or more on each side (rarely

three or only two or none). Cartilaginous ring wanting. Polian vessel usually

single, rarely more than one. Stone-canal single, unbranched. Sense-organs never

in form of pigment-eyes, but occur as minute cups, probably olfactory, on inner

face of stalk of tentacles. Stock of anchors finely toothed, but not branched;

arms usually with upwardly or outwardlj^ projecting teeth on tlie outer edge;

vertex smooth. Anchor-plates oval or somewhat elongated, with lai-ge central

hole, surrounded by six other large holes, usually more or less dentate, and

two large and several small smooth holes at the narrow jiosterior end, but

without any arched bow crossing the outer surface; at the broad end there are

often additional dentate holes ; in ooplax the plates are often quite asymmetrical

and all the holes more or less smooth.

Just why Ostergren elected to apply Eschscholtz's name to this group of

Synaptids it is difficult to understand. It is clear that Eschscholtz himself

intended the large 15-tentacled, oriental forms to be placed here, while he refers

Miillor's inhxc.rens to the genus Chiridota. (Of course this is a self-contradic-

tion, as inhcBrens does not have digitate tentacles, the one distinguishing char-
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aoter which he gives for Chiridota.) It is necessary, therefore, even if it is dis-

agreeable, to change Ostergren's selection and nse Verrill's {'67) name Lep-

tosynapta for these forms of which inlKerens is typical. The species S. bachei

Ayres is an absolute noinen nudum, without a word of description or explana-

tion. It is possibly a Chiridota.

The genus as now restricted includes nine species, of moderate or small

size, all but one of which occur in the north temperate zone, though some of

them range southward into the warmer seas of the tropics, while others occur

in the cold waters of the far north. They live in sand or mud, usually burrow-

ing like worms and feeding on the organic matter which they pick out of the

dirt with their tentacles; but they are continually taking in grains of sand and

other indigestible stuff with the food, so that the alimentary canal is usually

filled with such material. They are sluggish in their movements and apparently

come out of their burrows only on rare occasions, though they are sometimes

found (particularly roseola) under rocks and in similar situations.

Key to the Species op Leptostnapta.

A.—Tentacles 12; lengtli usually over 50 mm.
B.—Eadial pieces of calcareous ring perforated for passage of the nerves (pi. v, fig. 14).

C.—Anchors and plates of variable size, but of only one kind.

D.—Anchors usually under 250 ;u, never over 300 /x; plates more or less oval,

with smooth margins and not more than 7 or 8 dentate holes.

E.—Anchor-plates more or less symmetrical, with distinctly dentate holes,

more than 125 ix long in posterior part of body and much more

than half as long as anchors there.

Anchor-arms usually with 4 or more teeth ; calcareous particles in

longitudinal muscles, oval or dumb-bell-shaped; radial pieces

of calcareous ring decidedly concave on the posterior edge
;
polian

vessel usually single inh^Rens

Anchor-arms with only 2 or 3 small teeth; calcareous particles in

longitudinal muscles C- or doughnut-shaped; radial pieces of

calcareous ring scarcely concave posteriorly
;
polian vessels 3-7.

dolabrifera

EE.—AnchoT-plates more or less unsymmetrical, with the holes smooth or

with few teeth, less than 125 /x long in posterior part of body and

only a little more than half as long as anchors there ooplax

DD.—Anchors usually over 250 /a and often over 500 ;a; plates elongated, with

more or less dentate margin and often more than 8 dentate holes.

Anchors not often over 500 ,x; plates with 7 to 30 holes, .galliennii

Anchors 500 to 800 /x; plates usually with 25 to 40 holes.

MACRANKYRA

CO.—Anchors and plates of two quite distinct kinds (pi. v: figs. 1-4) ;
polian vessels

2-5 ACANTHIA

BB.—Eadial pieces of calcareous ring not ])erforated, but simply notched, for the passage ,

of the nerves (pi. v, fig. 16) roseola

A.4.—Tentacles 10; length 3-50 mm.
Tentacles with digits ; length 30-50 mm decaria

Tentacles without digits ; length 3-5 mm mindta
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Leptosynapta INH.ERENS.

Plate V, Figs. 14, 15, 18, and 20.

Ilolothuria inliarcns 0. F. Miiller, 1?;G, p. 232; 1788, p. 35, pi. xxxi.

ChlriJota piniiata Grube, 1840, p. 41.

Synapla inharens Eathke, 1843.

Synapta dureniaa Quatrel'ages, 1842, p. 10, pis. ii-v.

Holothuria fiava Eathke, 1843, p. 138.

Synapla henslowana Graj', 1848, p. 12.

Synapta tenuis Ayres, 1851, p. 11.

Synapta girardii Pourtales, 1851, p. 14.

Synapta pellucida Ayres, 18526, p. 214.

Synapta duvcrnca Held, 1857, anchor and plate, pi. ii, fig. 1.

Synapta ayresii Seleuka, 1867, p. 362.

Synapta gracilis Selenka, 1867, p. 363.

Synapta albicans Selenka, 1867, p. 363.

Synapta bifaria Semper, 1868, p. 14.

Leptosynapta tenuis Verrill, 1867, p. 325.

Leptosynapta inhwrens Verrill, 1867, p. 325.

Ljeptosynapta girardii Verrill, 1874a, jip. 361 and 716.

Synapta inharens Ostergren, 1898&.

Synapta inhcerens Clark, 18996, pis. 10 and 11.

? Synapta albicans Clark, 19016.

Synapta inhwrens Clark, 1901a.

Length.—100-300 mm., with diameter of 5-10 mm.
Color.—White to butify yello-\\^ with more or less red pigment modifying

this ground color; most American specimens have little or no pigment and are

thus nearly pure white, while most European specimens are decidedly red. Ac-

cording to Ostergren (:05), they are always red, but the majority of those I

have from Naples are as white as those from the coast of Massachusetts. Oc-

casionally American specimens are colored exactly like Miiller 's (1788) figure.

Pacific Coast specimens, so far as known, are nearly white.

Distribution.—Reported from a great number of stations along the coasts

of both Europe and North America ; also from the Red Sea and the mouth of the

Congo. These last two stations are almost certainly mistakes, and Ostergren

(:03) considers the report of its occurrence north of the Arctic Circle as

equally unreliable. It undoubtedly occurs on the coasts of Norway, Demuark,

Great Britain, France, and Italy, as there are abundant reliable records. On
the American Atlantic coast it ranges from Maine to South Carolina, and also

occurs at the Bermuda Islands, while on the Pacific coast it has been found at

Puget Sound, Washington, and Mendocino, Pacific Grove, and Point Loma,

Cal. Its occurrence on the xVlaskan coast is still open to doubt. It seems very

probable that it is a circumpolar species, ranging southward on the European

and American coasts to subtropical waters. It has not, however, been reported

from any part of the Asiatic coast, and it has yet to be taken in Bering Sea

and the North Pacific.
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Remarks.—This species is apparently the central one of the genus from

which the others appear to have been derived, and it is, as one would therefoi'e

suppose, the most variable of all. Besides the characters already given, it

may be added that the number of digits varies (probably with age) from 3-10

on each side, but is usually 5-7, and the terminal one is the longest, with the

adjoining ones nearly as long; the sense-cups vary from 2-14 on each tentacle,

but there are usually about 8 ; there is no distinct stomach nor is the intestine

conspicuously looped; the ciliated funnels are numerous and of two distinct

sizes; reproductive organs long and branched. (For an excellent detailed ac-

count of the specific characters, see Ostergren :05ff; for notes on habits, and

physiology, see Clark, '99i.) Whether the common white Synapta of the New

England coast is really distinct from the European species is regarded by

Ostergren (:05) as an open question, but it is exceedingly difficult to find any

differences of importance; those mentioned by Ostergren are certainly trivial.

A careful comparison between individuals from Norway (for which beautiful

specimens my thanks are due Dr. Ostergren), Naples, California, and Woods

Hole has failed to bring out a single constant difference, although I am not

sure that the Pacific Coast form may not prove distinct, when living specimens

are studied. The anchors and plates are noticeably smaller in these specimens

than in those from Norway, but the Woods Hole and Naples specimens are in-

termediate and no real line of division can be drawn. Too much emphasis

must not be placed on either dimensions or proportions of the calcareous

particles, not only because they vary so much, even in specimens from a single

locality, but because in measuring such minute objects the "personal equa-

tion" is a factor not to be ignored. Ostergren suggests that the American

form may be regarded as a distinct variety or subspecies, if not a fully ac-

credited species ; but I fail to see what would be gained by such a course, and,

moreover, I can find no other ground than locality by which to distinguish it.

For the present, therefore, I must believe that inhcerens is (or has been) a cir-

cumpolar species and extends its range southward on both coasts of America

as well as in Europe.

Leptosynapta dolabeifera.

Synapta dohirifera Stimpson, 1856, p. 386.

Length.—50-90 mm., with a diameter of about 4 mm.

Color.—Dirty yellowish.

Distribution.—Port Jackson, New South Wales.

Eemarks.—Besides the characters given above in the key, there are several

others which aid in the recognition of this species. Stimpson 's description is

accurate, but not very complete, and as nothing further has ever been published,

the following notes will be of value : Of the six specimens examined, four had
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12 and two had 13 tentacles ; each tentacle has 6-10 digits on each side and car-

ries 5-15 sense-cups on its inner face. The stone-canal is single, but there are

3-7 ijolian vessels. The calcareous ring is narrow and the pieces of which it

is composed are scarcely concave on their posterior edges. The anchors

are about 230 /^ in length and the plates are about 170 by 115/*; those in

the posterior i)art of the body do not seem to differ in size from those

anteriorly. The anchor-arms have only 2 or 3 small teeth and the stock,

although convex on its outer edges, is not bent in or curved at the

ends as in inhcsrens; it is also less finely toothed, us^^ally having only 12-20

rather coarse teeth. The particles in the longitudinal muscles are very simi-

lar to those in roseola, but the rods in the tentacles are longer and more slender

than in that species, slightly curved and a little enlarged and notched. There

can be no question that this species is more closely related to inluBrens than

to any other member of the genus, which, in view of its geographical isola-

tion, is rather remarkable. It differs from ooplax, its nearest geographical

neighboi', far more than it does from inhcerens. As yet it is known only from

Port Jackson, but it doubtless occurs elsewhere on the Australian coast. It will

be interesting to learn its exact geographical range. Stimpson says it occurs

"under stones, near low-water mark."

Leptosynapta ooplax.

Synapta ooplax von Marenzeller, 1881, p. 133. Calcareous parts, pi. iv, fig. 1.

Length.—70-150 mm., with diameter of about 5 mm.
Color.—Clear reddish, rosy, or even white.

Distribution.—Reported from Japan (v. Marenzeller); Lifu, Loyalty Is-

lands (Bedford) ; Dutch East Indies, 103 m. (Sluiter); Funafuti (Bedford);

Kokotoni, E. Africa (Lampert) ; Zanzibar (Ludwig). Apparently a widely dis-

tributed Indo-Pacific species; the inhcerens reported from the Red Sea is very

likely ooplax.

Remarks.—This Synapta is closely related to inhcerens and is clearly the

Asiatic representative of that species. In addition to the characters already

given, however, there are several other points in which it differs. The plates

are wider at the posterior end and contain more numerous and irregularly ar-

ranged holes, while the seven large holes of the free end have few teeth along the

margin or may even be entirely smooth. Bedford ('99(7) describes the speci-

mens from the Loyalty Islands as a new variety (Icevis), but as the characters

he assigns (smooth, or nearly smooth, margins to all the holes in the plate,

biscuit-shaped granules confined to ambulacra and 1-4 polian vessels) are too

variable to be of much weight, there is little advantage in giving the form a

name. The specimens from Funafuti, in the National Museum, correspond

well to Bedford's description of Iccvis, but strangely enough he does not refer
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his specimens from Funafviti to that form. Japanese specimens have 9-11

digits on each tentacle, while those from Zanzibar have from 9 to 13.

Tlie latter are interesting further as the host of tlie remarkable parasitic

bivalve, Entovalva mirabilis. Lamport's ('96) statement that the difference

in proportions between the anchors and plates posteriorly and anteriorly is

not due to a difference in the anchors, as v. Marenzeller ('81) says, but to a

remarkable difference in the plates, is borne out by my measurements. The

following table gives the figures involved, measurements in microns

:

Oliscrvor.



92 THE APODOUS HOLOTHURIANS

in the other points which Ostergreii emphasizes as distinguishing bergensis

from hilicrrois (a muscular stomach and a decidedly looped intestine) it agrees

entirely with galliennii. The latter has been quite unanimously regarded as a

synonym of mlwcrens, but Ostergren makes its right to be recognized quite clear,

and the reader is referred to his admirable paper ( :05fl) for a fiill, clear, and

interesting account of this Synapta.

Leptosynapta macrankyea.

Synapta hispida Semon, 1887, p. 272 (non Heller. 1868, p. 71).

Synapta macrankyra Ludwig, 1898a, p. 3.

Length.—250-350 mm.

Color.—Eeddish, deeper than that of inhcerens (?).

Distribution.—Mediterranean Sea, near Naples (Semon, Ludwig).

Remarks.—Very little is known of this species, and it may still be regarded

as an open question whether it is really distinct from the preceding. It is en-

tirely conceivable that under specially favorable conditions, in some individuals

of inhccrens, the anchors and plates might increase in size to that which we find

in galliennii and even in macrankyra, and in that case the increased number of

perforations in the plate would be a natural accompaniment. The rarity of

macrankyra would thus be easily accounted for. But at present we entirely

lack the necessary evidence to determine such a point.

Leptosy'napta acanthia.

Plate V, Figs. 1-13 and 22.

Synapta acanthia Clark, 1899a, p. 126, pi. iv.

Length.—250-350 mm., with a diameter of about 12 mm.
Color.—Very pale reddish to nearly ])ure white.

Distribution.—Bermuda Islands (Clark).

Remarks.—Nothing further has been recorded of this species since the

original description, except a few field notes (Clark, :01c). It is apparently

an isolated otfshoot from inhcerens. Ostergren 's (:05a) i^oint in regard to the

probable error in the original description of the alimentary canal is well taken.

Careful examination of better material shows that the mesentery passes over

from the mid-dorsal into the right ventral interradius as in inhcerens ; although

a distinct stomach is present, it lies some distance back of the calcareous ring

and not near it, as in galliennii; acanthia further resembles inh<srens in the ab-

sence of any loop in the intestine. Besides the characters already mentioned,

this species is notable for the large number (25-30) of sensory cups on each

tentacle, and the numerous C-shaped miliary granules distributed over the en-

tire body.
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Leptostnapta roseola.

Plate V, Figs. 16, 17, 19, 21.

Leptosynapta roseola Yerrill, 1874a, p. 423.

Synapta roseola Theel, 1886ffl, p. 25.

Synapta roseola Clark, 18996, p. 34; pis. 10 and 11.

Length.—Rarely exceeding 100 mm.

Color.—Eosy red, sometimes yellowish, sometimes almost brick red.

Distribution.—Southern coasts of Massachusetts, Ehode Island, and Con-

necticut (Verrill) ; Bermuda Islands (Clark).

Remarks.—Although often found on the Massachusetts coast with in-

hcerens, this species seems to be a more southern form and is particularly

abundant in Bermuda, where inhcerens seems to be rare. Unlike inharens, it

is commonly found under stones, and seems to burrow little in the sand. Be-

sides the unique calcareous ring, the small size, slender body, soft thin skin,

and few digits (5-9) serve to distinguish roseola, while there are also peculiari-

ties in the ciliated funnels, the miliary granules, and the supporting rods of

the tentacles.

Leptosynapta decaria.

Synapta decaria Ostergren, 1905a, p. cxLvi. Calcareous particles, fig. I B.

Length.—30-50 mm., but diameter only 3.

Color .—Whitish.

Distribution.—West coast of Scandinavia (Ostergren).

Remarks.—In spite of the presence of 2 or 3 polian vessels, it is not im-

possible that this is only the young of inhcerens. There is a striking similarity

in the calcareous particles and in the tentacles, the ditference in number of

digits being simply a matter of age. On the other hand, a comparison of Oster-

gren 's description with the remarks on p. 24, referring to fragments of synap-

tas from Alaska, suggests the possibility that they are decaria, and that it

is a circumpolar species. In view of the very small amount of material avail-

able,, however, the matter cannot be fully determined at present.

Leptosynapta minuta.

Synapta minuta Becher, 1906, pp. 505-509, with text-figures.

Length.—3-5 mm.
Color.—Practically wanting.

Distribution.—Reported only from the North Sea (Becher).

Remarks.—This curious little synaptid is notable for several reasons, chief

among which is its being viviparous. The anchors and plates show some

peculiarities and "buttons" are said to be also present.
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LABIDOPLAX Ostergren, 1898b.

Tentacles digitate, 11 or 12, with 3 or 4 digits. Cartilaginous ring want-

ing. Polian vessel usually single. Stone-canal single. Stock of anclior toothed

but not branched; arms usually toothed; vertex smooth. Anchor-plates with

posterior end abruptly narrowed (forming a sort of handle), the bow crossing

its outer surface rudimentary or wanting.

This small group of synaptids stands midway between the preceding and

the following genus and doubtless indicates the line of connection between the

two. They are confined to the Old World, but range from the Arctic Ocean to

the tropics. As will be seen from the followirg artificial key, the genus falls

naturally into two sections, and it is by no means certain that the second of

these would not be associated more naturady with Protankyra.

Key to the Species of Labidoplax.

A.—Anchor-plates witli 7 large, more or less dentate holes in the free end, arranged as in

Euapta or Synapta (plate v, fig. 23).

Tentacles 11, with 3 digits buskii

Tentacles 13, with 4 digits media

AA.—Anchor-plates with numerous, irregular, smooth holes (plate y, fig. 25) ; tentacles 12,

with 4 digits.

B.—Anchor-plates, even anteriorly, usually much longer than wide, i. e.. width less than

.60 of length ; width of anchor-arms from tip to tip less than .70 of length of

anchor and usually under ..55; sense-cups commonly present on inner face of

tentacles.

Anchors posteriorly 300-500/* long; anchor-plates with numerous small holes

near margin, especially at posterior end, not showing any special arrange-

ment DIGITATA

Anchors posteriorly 150-300 fi ; anchor-plates with few small marginal holes

and about 8-10 large holes arranged in 3 or 4 transverse rows dobia

BB.—Anchor-plates, at least anteriorly, very wide, i. c, width usually more than .70 of

length; width of anchor-arms usually. 70, sometimes over .80, of length of anchor;

no sense-cups on tentacles thomsonii

Labidoplax btjskii.

Plate V, Fig. 23.

Synapta buskii Mcintosh, 1866, y>. 612. Anchor and plate, fig. 6.

Synapta tencra Xorman, 1864 (no description).

Labidoplax tenera Ostergren, 18986.

Labidoplax buskii Ostergren, 1903.

Labidoplax buskii Ostergren, 1905(7. p. clvi.

Length.—15-30 nun., with diameter about one-tenth as much.

Color.—Pale, transparent grayish, without pigment.

Distribution.—Eeported from Outer Hebrides (Mcintosh) ; British Isles

(Norman) ; west coast of Sweden (Theel) ; and coast of Scandinavia, from Cat
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tegat to Porsanger Fjord, at depths of from 18-405 m. (Ostergren). Ap-

parently confined to the northern coasts of Enrope.

Eemabks.—This curious little synaptid is easily recognized by the unusual

number and form of the tentacles, both of which peculiarities are remarkably

constant. It has been often confused, nevertheless, with Leptosynapta inharens,

according to Ostergren ( :03), but usually occurs at greater depths and is com-

monly found on a clay bottom. For a full and admirable description, see Oster-

gren ( : 05rt )

.

Labidoplax media.

Lab id pia.r media Ostergren, 1905a. p. CLViii. Calcareous particles, fig. II B.

Length.—30-50 mm.

CoLOK.—Not given, but the skin is said to be "thin, transparent."

Distribution.—Bergen, Norway (Ostergren).

Remarks.—The tentacles easily distinguish this species from the preceding

and the anchor-plates from all other known synaptids. Nothing more is known

of its anatomy or habits than is given by Ostergren.

LABroOPLAX digitata.

Synapta digitata Montague, 1815, p. 2"^; pi. iv, fig. 6.

Synapta digitata Woodward and Barrett, 1858. Calcareous particles, pi. xiv, figs.

1-17.

Holothiiria inJiwrcns Delle Chiaje, 1823, p. 124.

Cliiridota chiaii Grube, 1840, p. 41.

Labidoplax digitata Ostergren, 18986.

Length.—250-350 mm., with the diameter when fully extended one-thirtieth

to one-fortieth as much.

Color.—Yellowish or reddish white, more or less heavily pigmented with

brick-red, especially on the dorsal side, which is often sharjjly in contrast with

the lower surface.

Distribution.—Eeported from numerous stations on the coasts of Great

Britain, France, Spain, Italy, and Austria to depths of 618 m. (Herouard).

Lamport ('89) refers a fragment from near the mouth of the Congo to this

species, but admits the possibility of error. Probably confined to the coasts of

western and southern Europe and perhaps northern Africa.

Remarks.—According to Semon ('87), this species is probably not strictly

subterranean, but lives on the bottom, where its rather peculiar coloration is

apparently protective. He says further that small individuals do not occur at

Naples, although the auricularije are common enough. For further notes on

habits and phj'siology, see his paper, and for a very detailed account of the

development his later report ('88). Ludwig ('98fl) says the anchors of this

species are from 170 to 310 /a in length, while those which I have meas-
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ured in the posterior part of specimens from Trieste are from 350 to 500/*.

Ludwig further calls attention to the remarkable "giant" anchors, 700-950 /a

long, first figured by Woodward and Barrett ('58), with perfectly smooth arms,

which occur in the dorsal interradii of this species. I was unable to find any

in the specimens from Trieste, so that I am in doubt as to their value as a

specific character.

LaBIDOPLAX DtTBIA.

Plate V, Fios. 25 and 28.

Synapta dvhia Semper, 1868, p. 10. Calcareous particles, pi. iv, fig. 11.

Sijnapta incerta Ludwig, 1874, p. 79. Calcareous particles, pi. vi, fig. 3.

Synapta incerta var. variabilis Theel, 1886(i. p. 14. Anchor-plates, pi. i, fig. 5.

Lahidoplax duhia Ostergren, 1898&.

Labidoplax incerta Ostergren, 1898&.

Labidoplax incerta Sluiter, 1901.

Length.—60-100 mm. Most of the reported specimens are fragments.

Color.
—

"White, dirty-whitish, or reddish, or with a violet tinge; tentacles

yellowish.

Distribution.—Reported from Bohol and Zebu, Philippines (Semper)

;

Banka, D. E. I. (Ludwig); Japan (Theel); and Dutch East Indies (Sluiter).

Apparently a rare tropical and subtropical East Indian species.

Remarks.—Owing to tlie small amount and poor condition of the material

examined, there is room for difference of opinion as to the validity of Ludwig 's

(74) incerta, but the differences between his specimen and Semper's ('68) are

so slight (miliary granules) or are based on factors so variable in this genus

(serration of anchor arms) that I can see no sufficient reason for separating

the two, especially as Theel ('86a) thinks them probably identical. The speci-

mens from Japan in the National Museum show conclusively that this is a

valid species and convince me that duhia and incerta' are identical. I think it

possible that Semper ( '68) mistook the first beginning of anchor-plates for

miliary granules, but even if not, the differences between his figures and Lud-

wig 's ('74) are not important. In the Japanese specimens the miliary granules

are very scarce and are usually straight rods, but sometimes resemble Ludwig's

figure. The anchor-arms are commonly smooth, but often have one, two, or

three teeth, which are sometimes minute and sometimes conspicuous. The

plates are commonly quite symmetrical, with three small holes near the tip, the

middle one largest, and three, of about the same size, at the posterior end ; be-

tween these two series are either two large, elongated holes side by side, or one

long one and the other divided transversely into two, or both are divided trans-

versely, making a group of four holes. The anchors measured 200-265 /i

long, with the arms 80-115/* across, while the plates are 180-235/1 long
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and 75-110 /J. wide. There are 12 tentacles in each specimen, each with

four digits; the presence or absence of a fifth rudimentary terminal digit

in this species and its near allies, and in Protankyra, seems to me to be a char-

acter depending on the state of contraction and the opinion of the observer.

Semper ('68) distinctly says there are no sense-cups on the tentacles, but he

only had a single imperfect specimen. In the Japanese specimens there are

five or six sense-cups on each tentacle in all of the specimens. They are small

and might perhaps be overlooked.

LABroOPLAX THOMSONII.

Synapta tliomsonii Herapath, 1865, p. 6.

Synapta digitata from Antrim, Herapath, 1865, pi. i. fig. 5.

Synapta hispida Heller, 1868, p. 71.

Synapta digitata (partim) v. Marenzeller, 1893, p. 17. Anchor and plate, pi. ii,

fig. 6.

Synapta thomsonii Liidwig, 1808a.

Synapta thomsonii Ostergren, 1898&.

"Synapta johnstonii Herapath," Lo Bianco, 1899. p. 476.

Length.—250-350 mm., with diameter, when fully extended, of about one-

fortieth as much.

Color.—Like digitata.

Distribution.—Reported from Carrickfergus, North Ireland (Herapath)

;

Concarneau, Brittany (Barrois) ; Naples (Ludwig) ; Adriatic Sea (v. Maren-

zeller). Apparently the range coincides with that of digitata.

Remarks.—Although vouched for by such observers as Herapath and Lud-

wig, the status of this species is not beyond question. Marenzeller considered

his specimens merely as a form of digitata. Five specimens which I received

from Naples in 1898 as digitata all lack the sensory cups and the giant anchors,

while the anchor-plates are similar to those described by Ludwig for thomsonii.

It seems remarkable, however, that all of these specimens should belong to this

species, when they were probably selected at random. Certainly further study

of digitata and this, its nearest ally, is greatly needed.

PROTANKYRA Ostergren, iSgSt.

Tentacles digitate, 10-12, rarely 13 or 14. Digits two (rarely one only)

on each side. Cartilaginous ring wanting. Polian vessels 2-10, or rarely only

one. Stone-canal usually single, but rarely there are several. Stock of anchors

more or less branched or only finely toothed; arms usually serrate; vertex with-

out knobs. Anchor-plates without a handle, with numerous irregular perfora-

tions and with a more or less imperfectly developed bow across outer surface of

])osterior end; plates and perforations also, with either smooth or dentate

margins.

7
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The Synaptids of this, the largest genus of the family, are of medium or

small size and dull color. With few exceptions, they occur only in tropical or

subtropical waters and are specially characteristic of the Indo-Pacific region,

where more than three-fourths of them occur. In most cases only one or two

individuals of a si:)ecies are known, so that specific limits are very hard to de-

termine, but those herein accepted seem to have characteristic calcareous de-

posits. While most of the species occur in shallow water (under 100 m.),

seven of them are from depths of over 1,000 m., and all known synaptids

from such great depths belong in this genus. Little is known of their habits,

and even the appearance in life is unrecorded for the great majority. The fol-

lowing key is based of necessity upon the size and form of the calcareous par-

ticles. Wlien it is realized, however, that we do not at present know how greatly

these may vary, not only in the individuals of a species, but in different parts of

one individual, skepticism as to the validity of some of these species is bound

to arise, and this is increased by the knowledge that in several cases only frag-

ments of the animal, whether anterior or posterior is uncertain, are known.

The two New Zealand species described by Hutton (72), uncinata and in-

equalis, are absolutely indeterminable (see Dendy, '97) and are therefore

omitted.

Key to the Species of Puotankyra.

A.—Tentaclus 12; entirely mariue.

B.—Anchors and plates all of one kind, though they may vary somewhat in size.

C.—Anchors not conspicuously asymmetrical.

D.—Anchor-plates more or less elongated and irregular in outline, with com-

paratively few (20-50) holes; tliese have smooth margins, and one or

more of those near center of plate arc conspicuously larger than the

otliers, and are polygonal or elliptical in shape (plate v, fig. 26; plate

IV, figs. 4 and 5).

E.—Stock of anchor not branched (plate iv, fig. 3) ; accessory calcareous

bodies not in the form of elongated slender, straight, or bent rods.

F.—Plates more or less asymmetrical (plate v, fig. 26).

Accessory calcareous bodies in the form of small oval, notched

or irregular short rods, perhaps sometimes wanting.

CHALLENGERI

Accessory calcareous bodies in the fonn of large, irregular per-

forated plates BicoRNis

FF.—Plates nearly symmetrical, with a single pair of large elliptical

holes at center and a number of smaller ones at each end

(plate IV, figs. 4 and 5) duodactyla

EE.—Stock of anchor branched (as in fig. 25, plate iv) ; accessory calca-

reous bodies long, slender rods, either straight or bent, often

notched at the tip slititeri

DD.—Anchor-plates more or less oval or elliptical, usually with numerous

(40-150) holes, but sometimes with only 20-50; these are more or less

circular, arc often dentate, and near center of plate are usually some-

what larger than near margin (plate iv, figs. 9 and 13).
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/'/'.—Anchors 400 ju, or less in length.

F.—Anchors over 200 /t in length ; stock a conspicuous undivided bar

at right angles to shaft (plate v, fig. 39).

Accessory calcareous bodies small, oval or somewhat con-

stricted particles verrilli

Accessory calcareous bodies, dichotomously divided and

branched rods, which often become so complicated as to

form perforated plates (plate v, fig. 30) bidentata
/''/''.—Aycliors mostly under 200 /x; stock widened and irregularly

divided (plate v, fig. 31) ; accessory calcareous bodies much
as in bidentata adtopista

A'A'.—Anchors 500 /t or more in length; accessory calcareous bodies curved

rods, or simple, short, oval, or somewhat constricted granules, or

wholly wanting.

/''.—Stock of anchor more or less branched, dichotomously or irregu-

larly divided, often denticulate, but not finely serrulate (plate

IV, fig. 13).

G.—Anchors very large, usually over 700 /x ; accessory calca-

reous bodies present.

H.—Anchor-plates about as long as anchors, much longer

than wide; at least the larger holes at center with

dentate margins (plate iv, fig. 13).

Anchor-arms dentate, nearly half as long as an-

chor BEYCHIA

Anchor-arms without teeth, about one-third the

length of anchor sdspecta

HE.—Anchor-plates much shorter than anchors, three-fourths

as wide as long or more.

I.—Accessory calcareous bodies, simple oval or ellip-

soidal particles.

Holes at center of plate not much larger than

others; stock of anchor not divided into a

number of slender anastomosing branches.

ACULEATA

Holes at center of plate much the largest;

stock of anchor with slender anastomosing

l)ranches conferta

77.—Accessory calcareous bodies, curved rods with ends

often enhirgcd, and notched errata

0(?.—Aneliors from 500-700 /x in length; no accessory calca-

reous bodies.

77.—Plates more or less concave, with about 100 holes

(plate IV, fig. 9).

Anchor-arms distinctly serrate abyssicola

Anchor-arms without teeth pacifica

H-7/.—Plates flat, with less than 50 holes tristls

FF.—Stock of anclior usually finely serrulate, often slightly notched or

forked, but not at all branched or divided (plate v. fig. 32).

G.—Anchors about 600 it. in length.

Anchor-arms and holes of anchor-plates with many teeth.

INSOLENS
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Anchor-arms with 5 or 6 teeth and holes in plates with

1-3 teeth or none benedeni

GG.—Anchors over 1 mm. long.

Plate abruptly contracted posteriorly and provided with

very numerous, small, entire holes (plate v, fig. 33).

EODEA

Plate not abruptly contracted: provided with holes of

very unequal size denticulata

CO.—Anchors conspicuously asymmetrical (plate iv, fig. 15; plate v, fig. 36).

D.—Accessory calcareous bodies in the form of perforated plates.

Accessory perforated plates normally with 4 dentate h^les (plate v.

fio-. 35") ASTMMETRICA

Accessory perforated plates normally with 10 dentate holes (plate v.

fig. 34) LDDWIGII

DD.—Accessory calcareous bodies in tlic form of small cruciform or branched

rods (plate iv, fig. 16). Anchors grotesquely asymmetrical (fig. 15).

PETERSI

BB.—Anchors and plates of two distinct sorts, differing especially in size; largo anchors

witli serrate arms.

Large anchor-plates with cora.iaratively few (less than 100) holes; these are

rather large, polygonal, and unooth ; small anchors with smooth arms ; ac-

cessory calcareous bodies, small cruciform or branched rods.

PSEUDO-DIGITATA

Tjarge anchor-plates with numerous (150 or more) holes; these are small, cir-

cular, and dentate; small anchors with serrate arms; accessory calcareous

bodies, minute oval granules bankensis

A.i.—Tentacles 10 ; brackish water similis

Pkotanktha challengeri.

Plate V, Fig. S6.

Synapfa chaJIengeri Theel, 1886a, p. 14. Calcareous particles, pi. i. fig. 4.

Protanl-yra challengeri Ostergren, 1898&.

Protanhjra challengeri var. Sibogw Sluiter, 1901, p. 131 ;
pi. iii, fig. 5.

Protanhjra timida Koehler and Vaney, 1905, p. 108. Calcareous particles, pi. sv,

figs. 33-35.

Protanl-yra alhatrossi Fisher, 1907, p. 728. Calcareous particles, pi. lxxxi, figs. 1,

la, and pi. lxxxii, figs. 4, 4a-c.

Length.—80-100 mm.

Color.—Reddish, yellowisli or whitish, sometimes with a lilac tinge.

DiSTRiBiTTioN.—Reported from near the Fiji Islands, 252 m. (Theel); from

near Am, Arafura Sea, 1,788 m. (Sluiter) ; near Andaman Islands, 1,010 and 1,170

m. (Koehler and Vaney) ; Hawaiian Islands, 257-1,586 m. (Fisher).

Remarks.—The anchor-plates ally this species to the preceding genus,

with which it is a sort of connecting link. Sluiter 's specimens were so nearly

like Theel 's that the slight differences in color, anchor-])lates, and abundance of

miliary granules are not enough to warrant our regarding the form as a dis-

tinct variety; neither is the difference in the depths at which they were taken
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sufficient to affect their identify; nor can the sliglit differences mentioned by

Koehler and Vaney ( : 05) as distinguishing timida, and by Fisher ( : 07) as dis-

tinguishing alhatrossi, warrant our regarding those as distinct species. The

anchors are from 240-350
ij. in length and their plates from 180-270 /*. There

are two polian vessels and the usual single stone-canal, and in Fisher's ( : 07)

specimens there were sense-cups on the tentacles.

Peotankyra bicornis.

Protanl-yra bicornis Sluiter, 1901, p. 131. Calcareous particles, pi. x, fig. 15.

Length.—115 mm., with diameter about 5.

CoLOE.—Unrecorded.

Distribution.—Reported from near Timor, 828 m. (Sluiter).

Eemarks.—This is a very notable species, unique not only in the remark-

able perforated plates, but in the presence of only a single digit on each side

of the tentacle, and of four or five stone-canals, while there is only one polian

vessel. The anchors are comparatively infrequent, about 330,1* long, and

their plates are only 245/* long and about half as broad. The accessory

plates are much more numerous and are sometimes 350/* in diameter; their

perforations are circular and entire. On the whole, hkornis is one of the most

interesting holothurians discovered by the "Siboga."

Peotankyea dxjodactyla.

Plate IV, Figs. 1-7.

rrotaril-yra duodactyla Clark (antea, page 26).

Length.—60 mm., with diameter about 8.

CoLOES.—Clear deep gray.

DisTEiBTjTiON.—Reported from off the coast of Washington in 1,000 m., and

from near Unalaska, Aleutian Islands, in 1,777 m. (Clark).

Remarks.—This species is related to the preceding in the presence of only

a single pair of digits on each tentacle, but there are no accessory calcareous

bodies ; there are, however, irregular branched and perforated rods in the ten-

tacles. The anchors are 300-360/* and the plates about 320/* in length, but

few of the latter are complete and only rarely is the bow present. There are

two polian vessels and a single stone-canal.

Peotankyea sltjiteei.

Plate V, Fig. 27.

Protanhyra sibogcE Sluiter, 1901, p. 132. Calcareoiis particles, pi. s, fig. 16.

Protankyra sluitcri Fisher, 1907, p. 729.

Length.—More than 110 mm.

CoLOE.—Unrecorded, but the skin is "thin" and "transparent."
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Distribution.—Reported from north of Sumbawa, East Indies, 794 m.

(Sluiter).

Eemarks.—This is another of the "Siboga's" interesting discoveries,

unique in the form of the accessory calcareous bodies, in the presence of teeth

on the shaft of the anchor, and also, if Sluiter 's figure is correctly drawn, in

the direction of the teeth towards, instead of away from, the tips of the arms.

As the only specimen was a fragment, nothing is known of the internal

anatomy. Fisher's change of name for this species seems to be necessary.

Pkotankyea verrilli.

Plate V, Fig. 29.

Synapta verrilli Tlieel, 1886a, p. 12. Calcareoiis particles, pi. i, fig. 1.

Prvianl-yra verrilli OiJtergren, 18986.

Length.—About 23 mm.

Color.—Yellowish white (in alcohol).

Distribution.—Reported from near Cape York, Austi*alia, 14 m. (Theel).

Remarks.—The simple calcareous particles is the principal character to

distinguish this species from the next; but the small size, pale color, and

tendency of the anchors to be asymmetrical are other differences. There were

four polian vessels and a single stone-canal in the type.

Peotankyra bidentata.

Plate V, Fig. 30.

Synapta hidcntata Woodward and Barrett, 1858, p. 3G5. Calcareous particles, pi.

XIV, figs. 23-25.

Synapta inolesta Semper, 1868, p. 9. Calcareous particles, pi. iv, fig. 13.

Synapta distincta v. Marenzeller, 1881, p. 123. Calcareous particles, pi. iv, fig. 2.

Protanhyra bidentata Ostergren, 1898&.

Protanhyra molesta Ostergren, 1898&.

Protankyra distincta Ostergren, 1898&.

Length.—30-100 mm.; diameter nearly one-fourth as much, according to

Woodward and Barrett, but their specimen must have been greatly contracted.

Color.—Reddish gray, reddish violet, or clear reddish ; according to Wood-

ward and Barrett, their preserved specimen was "devoid of color."

Distribution.—Reported from China (Woodward and Barrett) ; Bohol,

Philippines (Semper) ; Japan (v. Marenzeller, Theel) ; and Amoy (Ludwig).

Remarks.—Lampert ('85) is j^robably correct in identifying molesta Sem-

per with bidentata AVoodward and Barrett, but why he should have deliberately

ignored the latter name, which has ten years' precedence and is accompanied

by a good description and excellent figures, it is hard to see. The ditferences

between bidentata and distincta are so slight and the calcareous particles of

the latter so variable (see Theel, '86), that it is hard to believe they are not
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identical, especially since their geographical distribution is the same. The

type specimen of dlstincta is a fragment, and all of Theel's specimens were

also incomplete. Semper says there are four polian vessels and one stone

canal.

Protankyka axttopista. ^

Plate V, Fig. 31.

Synapta autopista v. Mareuzeller, 1881, p. 133. Calcareous particles, pi. iv_, fig. 3.

Protanhyra autopista Ostergren, 1898&.

Length.—More than 20 mm. ; diameter of only known fragment, 6 mm.

Color.—Reddish brown.

Distribution.—Reported from Miya Bay, Japan (v. Marenzeller).

Remarks.—The very small size of the anchors and the peculiar shape of

the stock easily distinguish this species, and yet it may be that the type and

only known specimen is simply the anterior part of the body of a peculiar in-

dividual of the preceding species.

Peotankyra brychia.

Plate IV, Figs. 12-14.

Synapta brychia Verrill, 1885&, p. 539.

Protanl-yra brychia Ostergren, 18986.

Length.—160 mm. ; diameter about one-sixteenth as much.

Color.—Purplish brown or gray (in alcohol).

Distribution.—Off Cape Hatteras, 1,688 m. (Verrill).

Remarks.—The very large anchors and plates, a millimeter or more in

length, are arranged in approximately three longitudinal rows in each inter-

radius. Verrill says the anchor-arms are smooth; but that is not the case

in the fully-developed anchors, which have about six teeth on each arm. There

are no accessory calcareous bodies in the skin. There are at least two polian

vessels and one stone-canal. The tentacles are unknown.

Protankyra suspecta.

Protanhyra suspecta Sluiter, 1901, p. 132. Calcareoiis particles, pi. x, fig. 14.

Length.—More than 70 mm. ; only a fragment known.

Color.—Not recorded.

Distribution.—Buton Straits, D. E. I., 148 m. (Sluiter).

Remarks.—This is another of the discoveries made by the "Siboga," and

also, unfortunately, another of the species known.from only a slight, headless

fragment. Although related to the preceding species, the differences are ob-

vious.
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Protankyea ACTJLEATA.

Synapta aculeata Theel, 1886a, p. 13. Calcareous particles, pi. i. fig. 3.

Protanl-yra aculeata Ostergren, 1898&.

Length.—More than 65 mm.; only fragments known.

Color.—Light brownish or dirty white.

Distribution.—Coast of Japan, 621 meters (Theel).

Remarks.—This interesting species has the anchors 1.1 mm. long and the

plates only about two-thirds as much. The anchors vary greatly in shape

and sometimes even have flukes at both ends. In the type specimen the miliary

granules occurred in a double row in each radius and were of a simple oval

form.

Protankyea conferta.

Protanl-yra conferta Koehler and Vane}', 1905, p. 105. Calcareous particles, pi. xv,

figs. 26-29.

Length.—More than 72 mm. ; only fragments known.

Color.—Brownish.

Distribution.—Recorded from near Ceylon, 1,450 m., and off Masulipatam,

Madras, 1,220 m. (Koehler and Vaney).

Remarks.—This is one of the deep-sea species taken by the "Investigator,"

and regai'ding which we know all too little. The anchors are strikingly like

those of hrychia except in the length of the arms.

Protankyra errata.

Protanl-yra errata Koehler and A'aney, 1905, p. 106. Calcareous particles, pi. xv,

figs. 14-16.

Protankyra inflexa Koeliler and Vaney, 1905, p. 109. Calcareous particles, pi. xv,

figs. 30-32.

"Anl-yrodernia marcnzcUeri Theel" Walsh, 1891.

Length.—32-110 mm. and more; diameter about one-sixteenth as much.

Color.—Not recorded.

Distribution.—Reported from near Andaman Islands, 234-270 m., and from

Gulf of Bengal, 738-864 m. (Koehler and Vaney).

Remarks.—The characters distinguishing inflexa from errata are too slight

to justify us in keeping them separate, and it is probable that both are forms

of aculeata, which is apparently a very variable species. Koehler and Vaney

are authority for saying this species is Walsh's Ankyroderma marenselleri.
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Protankyra ABYSSICOLA.

Plate IV, Figs. 8-11.

Synapta ahyssicola Theel, 1886a, p. 14. Calcareous particles, pi. i. fig. 11.

Protanl-yra ahyssicola Ostergren, 18986.

Length.—65 mm. ; diameter about 5.

Coi.oR.—Dark yellowish (in alcohol), with considerable reddish pigment at

base of tentacles on inner side.

Distribution.—Eeported from tropical mid-Atlantic, 4,2.30 m. (Theel) ; off

coast of New Jersey, 2,468 m. (Theel); off coast of Senegal, 3,200 m. (R.

Perrier) ; Gulf of Mexico, 2,259 m. (Clark, antea). Probably distributed through-

out the deeper parts of the Atlantic Ocean.

Remarks.—One of the interesting discoveries of the "Challenger" was this

abyssal Synaptid, which has since been taken several times. It is little modified

by the great depth at which it lives and fjiows no special peculiarities of structure.

There are seven polian vessels. Although miliary granules are wanting in the

skin, the longitudinal muscles contain the usual oval particles, and there are

nearly straight supporting rods in the tentacles.

Protankyra pacifica.

Synapta ahyssicola var. pacifica Ludwig, 1894, p. 174. Calcareous particles, pi. xviii,

figs. 13-19.

Length.—85 mm. ; diameter about 5.

Color.—Yellowish white or greenish gray.

Distribution.—Reported only from outside the Gulf of Panama, in 3,000-

3,189 m. (Ludwig).

Remarks.—As the characters mentioned by Ludwig, which distinguished

the Pacific from the Atlantic specimens, appear to be constant, there is no rea-

son why this should not be regarded as a distinct species. The anchors and

plates are really quite distinct in the two species, when compared side by side.

The internal anatomy is not peculiar, but there were ten polian vessels in the

specimen examined by Ludwig.

Protankyra tristis.

Protankyra tristis Koehler and Vaney, 1905, p. 107. Calcareous particles, pi. xv,

figs. 17-18.

Length.—More than 25 mm.

Color.—Grayish white.

Distribution.—Off northern Madras, India, 2,358 m. (Koehler and Vaney).

Remarks.—Although this species seems nearly related to aculeata, the

small size of the anchors appears to distinguish it. Unfortunately, however, it

is known only from an anterior fragment.
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Peotankyea INSOLENS.

Plate V, Fig. 32. "

liynapta insolens Tlieel, 1886a. p. 13. Calcaremis particles, pi. i. fig. 3.

Protanl-ijra insolens Ostergren, 1898&.

Length.—40-110 nun.

CoLOE.—Yellowish white.

Distbibutiox.—Reported from Torres Strait, 51 m. (Theel), and from near

the Aru Islands, 57 m. (Sluiter).

Remaeks.—This "Challenger" species was found again by the "Siboga,"

and may be easily recognized by the anchors, which are 600-650 jn long

and nearly 500 /«. broad, with 12-18 teeth on each arm; the broadly oval plates

with numerous dentate holes are also characteristic. There are five polian

vessels and a single stone-canal.

Peotankyea benedeni.

Synapta henedeni Ludwig, ISSla, p. 55. Calcareous particles, pi. iii, figs. 19-20.

Protanl-yra henedeni Ostergren, 18986.

Length.—22-35 mm.; diameter about one-fourth as much; obviously the

specimens were greatly contracted.

CoLOE.—Whitish.

DisTEiBUTioN.—Reported only from coast of Brazil (Ludwig).

Remaeks.—Ludwig says that the whole appearance of this Syiiaptid is like

that of Labidoplax digitata, but the anchors and plates are so obviously differ-

ent there is no doubt of the distinctness of the two species. The miliary gran-

ules are minute rods, rounded at the ends and constricted at the middle. There

are six polian vessels and one stone-canal.

Peotankyea eodea.

Plate V, Fig. 33.

Synapta rodca Sluiter, 1890, p. 108. Calcareous particles, pi. i. figs. 10-14.

Protanl-yra rodea Ostergren, 1898&.

Length.—Up to 250 mm.
CoLOE.—Carmine red.

DisTEiBUTioN.—Reported from Bay of Batavia; Lombok; Timor; and near

Madura, D. E. I., 330 m. (Sluiter).

Remaeks.—The huge anchors and plates, the minute miliary granules, and

the conspicuous color make this species a notable one. There are two polian

vessels. In his original description Sluiter says the calcareous ring consists

of 17 pieces ; it would be interesting to know whether further observations con-

firm this peculiar number. This species lives in mud near the coral reefs.
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Protankyea DENTICULATA.

Prolankyra dentindaia Koehler and Vaney, 1905, p. 105. Calcareous particles, pi.

XV, figs. 36-39.

Length.—Over 70 mm. ; diameter, ] 2 imn. ; known only from a fragment.

Color.—Brownish.

DiSTKiBUTiON.—Off Madras, India, 738 m. (Koehler and Vaney).

Remarks.—Although allied to rodea, the shape of the plates easily distin-

guishes this species.

Protankyea asymmetrica.

Plate V, Figs. 35 and 36.

Synapta asymmetrica Liidwig, 1874, p. 78. Calcareous particles, pi. vi, fig. 2.

Prolankyra asymmetrica Ostergren, 18986.

Length.—40 mm.
Color.—'

' Colorless. '

'

Distribution.—Reported from Banka, Sunda Islands (Ludwig, Theel);

Saleyer and near Madura, 82 m., D. E. I. (Sluiter).

Remarks.—The remarkable accessory calcareous plates with their four sym-

metrical holes and the peculiar anchors would seem to be sufficiently diagnostic,

but Sluiter ( :01, p. 129; PI. X, fig. 13) describes and figures still other re-

markable accessory calcareous bodies, in the form of curious double-headed

rods. It is virtually certain that neither Ludwig nor Theel would have over-

looked such calcareous bodies, so we are safe in assuming that they were not

present in the specimens from Banka. The question naturally arises whether

their presence in Sluiter 's specimens would not indicate an important specific

difference, but we must await further material before we attempt to decide

the point. Ludwig 's specimen had four polian vessels and one stone-canal.

The anchors are 500 /«. and their plates about 400 ^ in length, and the accessory

plates are about 50 p. in diameter.

Protankyea litdwigii.

Plate V, Fig. 34.

Synapta ludwigii Sluiter, 1890, p. 108. Calcareous particles, pi. i, figs. 4-9.

Protanh/ra ludivigii Ostergren, 18986.

Length.—40 mm.

Color.—Ranges from carmine-red to "colorless," with a reddish tinge on

the tentacles.

Distribution.—Reported from Bay of Batavia; near Timor, 73 m.; and near

Flores, 247 m. (Sluiter).

Remarks. —While evidently allied to the preceding species, the very differ-

ent accessory calcareous plates are an excellent mark of distinction. The
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auehors are about 500 /x in length and their phites only a little shorter; the

accessory plates are about 80 /* in diameter. There are only two poliau ves-

sels and one stone-canal.

Protankyra petersi.

Plate IY, Figs. 15 and 16.

Synapta petersi Semper, 1868, p. 230. Calcareous 2)artieles, pi. xxxix, fig. 13.

Protanl-yra petersi Ostergren, 1898&.

Length.—130 nam.

Color.—Clear reddish.

Distribution.—Eeported only from Amboina (Semper).

Remarks.—The type specimen of this interesting species still remains

unique. The curious grotesque anchors are accompanied by normal plates

perforated with numerous smooth holes. Nothing is known of the habits, hab-

itat, or anatomy.

Protankyra pseudo-digitata.

Synapta pseudo-digitata Semper, 1868, p. 9. Calcareous particles, pi. iv, fig. 12.

Synapta innominata Ludwig, 1874, p. T9. Calcareous particles, pi. vi. fig. 4.

Protankyra pseudo-digitata Ostergren, 1S98&.

Protankyra innominata Ostergren, 189S&.

Length.—60 mm.
Color.—Not recorded.

Distribution.—Reported from Bohol, Philippines, 27 m. (Semper) ; Philip-

pines (Ludwig); and Macasser (Sluiter).

Remarks.—Ludwig himself expressed the opinion that his species was pos-

sibly identical with Semper's, and Lampert ('85) emphasizes the point. There

is little doubt that such is the case. Ludwig had only a fragment 10 mm. long

for his description and Semper had lost his only specimen when he wrote his

description. He says it was similar to Lahldoplax digitata in appearance,

and Sluiter ( :01) tells us there are 12 tentacles, each with four digits.

Protankyba bankensis.

Synapta hanhensis Liidwig, 1874, p. 78. Calcareous particles, pi. vi. fig. 1.

Protanl-yra bankensis Ostergren, 18986.

Length.—More than 75 mm.; only fragments known.

Color.—Whitish with a reddish tinge.

Distribution.—Reported only from Banka, Sunda Islands (Ludwig,

Theel).

Remarks.—This species is certainly nearly related to the preceding and it

is an open question whether they are not identical. The differences in the cal-

careous particles are not beyond the range of individual diversity.
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Pbotankyba SIMILIS.

Plate II, Pig. 2.

Synapta similis Semper, 1868, p. 10; pi. iii, fig. 2. Calcareous particles, pi. iv,

fig. 14.

Protankyra similis Ostergren, 18986.

Length.—60-100 mm.
CoLOE.—Semper gives the color as "transparent reddish," hut the colored

figure is pale fawn color with purplish tints.

Distribution.—Reported only from Bohol, Philippines (Semper).

Remarks.—The anchors and plates of this species are very much like the

large ones of P. pseudo-digitata, and the accessory calcareous bodies also re-

semble those of that species. There is a single stone-canal and one or two

polian vessels. Semper says this is one of the commonest and most interesting

of the Philippine synaptids, living in the mud of brackish, mangrove swamps.

It is well known to the natives and is called " dapan-dapan " in Visayan. It

should perhaps be made the type of a distinct genus.

ANAPTA Semper, i868.

Tentacles pinnate, 12. Digits 2-6 on each side and a long terminal one.

Cartilaginous ring wanting. Polian vessels several (5-7). Stone-canal single.

Anchors, perforated plates, wheels, and sigmoid bodies entirely wanting, the

only calcareous particles in the skin being small oval or ellipsoidal bodies, and

even these may be wanting.

This small group is closely related to Leptosynapta, but is of course easily

distinguished therefrom py the entire absence of anchors. Ostergren ('98fc) con-

siders that Sluiter's ('88) species subtilis is based on an abnormal individual,

and he accordingly omits it; but since Sluiter especially states that the animal

was examined when fresh, and consequently its peculiar characters cannot be

due to decalcification, there is no reason to doubt its authenticity. Were it a

regenerating synaptid, the calcareous ring would be normal and there would

be some indications of calcareous bodies. Ludwig ('92&) proposes to in-

clude in Anapta, Toxodora ferruginea Verrill and Scoliodota japonica (v.

Marenzeller), but the affinities of these two species seem to be so clearly with

the ChiridotiniB that it would be very misleading to place them here.

Key to the Species of Anapta.

A.—Calcareous particles present in the skin, longitudinal muscles or tentacles.

Size large (up to 190 ram.) ; calcareous bodies scattered everywhere in the skin.

gracilis

Size small (under 100 mm.) ; calcareous bodies confined mainly to radii or longitudinal

muscles and tentacles; those of latter often slightl.y branched nt the end. . . .fallax

A A.—Calcareous particles wanting subtilis
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Anapta gracilis.

Plates II, Fig. 1 ; VII, Figs. 19-23.

Ariapla rjrarUis Semper, 1868, p. 17; pi. in, fig. 1. Calcareous particles, pi. iv,

figs. 10-15.

Length.—Up to 190 mm.
Color.—Pale purplish brown (rosy in the figure given), with numerous

white papill;?.

Distribution.—Eeported only from Manila, Philippines (Semper).

Remarks.—It seems strange that such a large and well-characterized s]jecies

as this has not been met with since its original discovery, nearly 40 years ago.

The calcareous ring, ciliated funnels, reproductive organs, and sensory-cups

on the tentacles are all very much like those of a Leptosynapta.

Anapta fallax.

Anapta fallax Lamport, 18896, p. 848.

Length.-—Up to 80 mm.

Color.—In life, flesh color, reddish anteriorly, the tentacles clear rose-red;

in alcohol, yellowish brown or yellowish white.

Distribution.—Reported from off Cape Blanco, Argentina, 114 m. (Lam-

pert) ; Stanley Harbor, Falkland Islands, and southern coast of Tierra del

Fiiego (Ludwig) ; Punta Arenas, Susanna Cove and Calbuco, Chile (Ludwig)

;

near Wellington Island, Chile (Clark, antea). The range apparently includes

all the coasts of South America and neighboring islands south of 40° S., where

the water is less than 125 m. deep.

Remarks.—This is decidedly the best known of the three species, but it is

somewhat difficult to see from the descriptions iiublished any important differ-

ence between it and the preceding species. Ludwig 's ('98c) statement, "wohl

aber finden sich bei einzeluen, aber nicht bei alien, Exemplaren, in den Langs-

muskeln, sehr zahlreiche, kurze, fast ovale Kalkstabchen und in den Fiihlern,

* * *, kleine, klammerformige * * * Kalkkorperchen, " leaves one in

doubt as to whether some of his specimens entirely lacked all calcareous par-

ticles or not, and if so, whether it might not have been due to acid alcohol. How-

ever, the geographical isolation of this species is so marked, it cannot be con-

fused with any other, and it may well be considered distinct until its identity

with gracilis is shown by a more careful study of the two species. According

to Ludwig ('98&), fallax lives "am strande, im Sande."

Anapta subtilis.

Anapta subtilis Sluiter, 1888, p. 311.

Length.—Not given: "nur etwa dreimal so lang als breit."

Color.—Brownish, with numerous, clear yellowish white papillae.
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DiSTBiBXJTiON—Eeported only from the Bay of Batavia (Sluiter).

Remarks.—Sluiter distinctly says that the absence of calcareous particles

could not be due to impure alcohol, for he examined the animal when "ganz

frisch." Ostergren ('986) expresses the opinion that this is only a regenerating

individual of some synaptid, but that would not account for the entire lack of

calcareous particles. Although the type specimen is still unique, it must bo al-

lowed to stand as a valid species until we have more light on the subject.

DACTYLAPTA, gen. nov.

(SaKTi'Aa^ fingers, + aTTTw, to fasten or liincl; in refrrcnce to the tentacles and to eor-

respond to Synapta, etc.)

Tentacles digitate, 12. Digits only four, two on each side, as in Protan-

kyra. Calcareous particles, only short, curved rods, scattered in the skin.

This genus is instituted for the following imique species.

Dactylapta dubiosa.

Anapta ( ?) duhiosa Koehler and Vaney, 1905, p. 109. Calcareous particles and cal-

careous ring, pi. XV. figs, 11-13.

Length.—30 mm. and more ; only an anterior fragment known.

CoLOB.—Brown.

Distribution.—Reported only from Gulf of Bengal, T.j8 m. (Koehler and

Vaney).

Rbmaeks.—Although there is at least a possibility that this specimen, ui)on

which a new species and genus is based, is only a diseased or abnormal Pro-

tankyra, we must for the present admit its validity. The form of the tentacles

and of the calcareous deposits shows that the species bears the same relation to

Protankyra that Anapta does to Leptosjmapta, and it must therefore be placed

in a distinct genus, so that this relationship may be emphasized.

RHABDOMOLGUS Keferstein, 1862.

Tentacles without digits, simply "am Eande leicht gelappt," 10. Carti-

laginous ring wanting. Calcareous ring remarkably weak. Polian vessel one.

Stone-canal one, but non-calcareous. Ciliated funnels wanting. Calcareous par-

ticles wholly wanting. Sexes separate (?).

The remarkable holothurian upon which Keferstein based this genus is in

many ways much like a young synapta, and since no other zoologist met with it,

each succeeding writer has been more and more inclined to reject the genus and

species altogether. Ludwig ('98&) places it in a foot-note and doubts its va-

lidity, and Ostergren ('98&) ignores it entirely. It was therefore a matter

of considerable surprise when Ludwig ( :05) announced the rediscovery of

Rhabdomolgus, and his complete report is awaited with keen interest.
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Rhabdomolgus ruber.

Rhabdomolgus ruber Keferstein, 1862, p. 34 ;
pi. xi, fig. 30.

Length.—5 mm. with diameter of .6 man. (preserved material).

Color.—Briglit red or carmine.

Distribution.—Reported from St. Vaast (Keferstein) and "Sudspitze von

Helgoland" (Lndwig).

Remarks.—Keferstein secured only a single specimen, and that was fioat-

ing near the surface, so that the question was raised as to whether the animal is

pelagic. Ludwig (:05), however, has conclusively shown that under normal

conditions it is a bottom form. It breeds in August; the sexes seem to be sep-

arate and the eggs are large.

CHIRIDOTIN.^. Ostergren, 18985.

Tentacles with stalk short, becoming widened distally where it bears 3-10

digits on each side ; the digit-bearing portion forms a sort of disc which can in

many cases (perhaps always?) be drawn downward in contraction, more or less

into the basal i^ortion of the stalk; such tentacles may be called peltato-digi-

tate. Cartilaginous ring wanting. Stone-canal single. Eye-spots wanting.

Gustatory organs seldom present. Calcareous deposits either six-spoked wheels

or conspicuous sigmoid or C-shaped bodies, or both, often accompanied by

curved or straight rods or oval miliary granules; rarely minute curved rods

only are present, or deposits are wholly wanting. Sexes apparently separate in

many species, perhaps in all.

In the following keys and descriptions there are few terms which require

any explanation, for nearly all are of the kind which carry their own meaning.

The term "sigmoid" bodies is used for curved rods which bear a more or less

close resemblance to that form of the Greek letter sigma, which is used at the

termination of a word ; that is to say, each end is curved, but in opposite direc-

tions, and very often in planes at right angles to each other. When rods are

found in which the ends curve inward towards each other and in the same

plane, they are called C-shaped or "bracket "-shaped particles. Both sigmoid

and C-shaped rods may occur in the same individual.

Key to the Genera of Chiridotin^.

.1.—No sigmoid bodies; wlieels present, collected in little papillae (plate vii, fig. 24).

Tentacles 12 (10-14) ; ciliated funnels mostly single and scattered (plate vii, figs.

23, 28) Chiridota

Tentacles 18 (16-20) ; ciliated funnels mostly single and scattered (plate vii, figs.

14) Polycheira

AA.—Sigmoid or bracket-shaped bodies or minute curved rods present (plate vii, figs. 3, 6, 9,

10, 11, 27).

B.—Wheels present, in papillae T.4;niogyrus

BB.—Wheels present, but scattered Trochodota

BBB.—Wlieels wanting.

Sigmoid bodies present Scoliodota

Sigmoid bodies wanting; minute curved rods present Toxodora

AAA.—Deposits wholly wanting Achiridota
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CHIRIDOTA Eschscholtz, 1829.

Dactyloia Brandt, 1835.

Liosoma Brandt, 1835.

Trocliinus Ayres, 1852.

Lioderma Bronn, 1860.

Tentacles 12, exceptionally 13 or even 14. Digits 3-10 on each side, the ter-

minal pair the longest. (Although Semper, Lampert, and others speak of a ter-

minal unpaired digit, it is very doubtful whether such normally occurs. The

number of digits on a tentacle may be odd, but examination will show that this

is due to an extra digit on one side at the base of the series.) Polian vessels

numerous, 3-20. No gustatory organs are known to occur. Ciliated funnels

usually single, sometimes collected into little groups, but not forming true

stalked clusters. Calcareous deposits in the form of 6-spoked wheels (Plate

VII, figs. 8, 15, 26) collected in little papilla- containing 10-80 of divers sizes

(Plate VII, fig. 24) ; no sigmoid deposits, but small curved rods with enlarged

ends are often present (Plate VII, figs. 16, 27), and minute oval miliary gran-

ules, or somewhat larger rod-shaped particles, frequently occur in connection

with the longitudinal muscles.

The species of this genus are of small or moderate size and of variable

color. They are widely distributed in both warm and cold seas, but no one

species, except perhaps Icevis, has a very extensive range, so far as our present

knowledge shows. They occur chiefly in shallow water, often along shore, but

are frequently met with at depths of 500-1,000 m. and sometimes down to 3,000-

3,200 m. Specific differences are very difficult to determine satisfactorily, for

the number and length of digits on tiie tentacles is closely correlated with age

and size, while the number and arrangement of wheel-papillae appear to show

a similar correlation. Thus full-grown specimens of rotifera have the wheel-

papills very numerous all over the body and the ventral surface is not distin-

guishable from the dorsal ; but in young specimens, 20-40 mm. long, the wheel-

papilla' of the ventral side are few and confined to a single series in each inter-

radius, and such specimens therefore closely resemble rigida (Plate II, fig. 3).

The presence or absence of miliary granules along the radii seems to be another

variable feature, for Ludwig ('98b) has shown that in some specimens of

pisanii these granules are abundant, in others infrequent, and in still others

entirely wanting. In the light of these facts, it is not strange that the num-

ber of species in the genus and their geographical distribution are still uncer-

tain. The species described by Miiller ('50) as pygmrea is apparently a young

IcBvis or possibly rotifera (Selenka ('67) says it is West Indian), while the form

called rubeola by Quoy and Gaimard ('33) is absolutely unidentifiable at pres-

ent, and it may not be one of the Chiridotinae at all. The same is true of

Synapfa coriacen Agassiz ('52), which has been considered a synonym of

Chiridofa lavis. The holothuriau called AspidocJiir mertensi by Brandt ('35)

is thought by Ludwig ( '81&) to be a Chiridota.

s
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Key to the Species of Chiiudota.

A.—Wheel-iJapilliB numerous, more or less uniformly scattered all over the body, with no

evident arrangement in longitudinal series; digits 8-14. (In young specimens, pa-

pillEe may be very I'ew on ventral side.)

B.—Numerous curved rods (plate vii, iig. 2?), with more or less branched ends scat-

tered all over interambulacra kotifera

BB.—No such rods in interambulacra.

Miliary granules of longitudinal muscles, minute oval particles; polian vessels

5-10 FERNANDENSIS

Jliliary granules of radii longer than diameter of wheels; polian vessels 15-20.

STUHLMANNI
.1/1.—Wheel-papillie numerous or few, confined to interambulacra, and there forming more or

less irregular longitudinal series, less abundant on ventral side and often wholly

wanting there.

B.—Digits of tentacles about 20; wheel-papilla,' in 5 irregular series; numerous minute

crescent-shaped bodies in skin violacea

HB.—Digits of tentacles generally fewer than 1(5 (very rarely 18).

C.—Wheel-papillae very few and only in right and left dorsal interambulacra : stel-

late, perforated plates (plate vii. fig. 25) in skin mabenzfxleri

CO.—No stellate plates in skin.

D.—Numerous "buttons" ("schnallenformiger Hautkalkkorper") in skin;

wheel-papillae in 5 simple longitudinal series eximia

DV.—'So "buttons" in skin.

E.—Curved rods, with enlarged ends (plate vii, figs. 16 and 27), which

may be smooth or spinous, or even branched, scattered in skin,

at least along ambulacra.

F.—Size large, up to 200 mm. ; color more or less purple ; wheel-

papillae confined almost wholly to mid-dorsal interambulacrum.

Curved rods very small (40-60 /t), confined to ambulacra,

and distinctly curved kegalis

Curved rods larger (80-120 m), uniformly scattered, and

commonly almost straight uniserialis

FF.—Size small, under 100 mm.; color not purple; wheel-papilla; and

rods more or less generally present in all the interambulacra.

Color red or reddish; wheel-papillffi numerous dorsally;

occurs about coral reefs rigida

Color whitish; wheel-papilla' in an irregular single row in

each interambulacrum : occurs in mangrove swamps.

INTERMEDIA

l'!E.—No such curved rods in skin.

F.—Size small, usually under 100 mm. (rarely twii-e that) ; color in

life yellowish, pink, red or purple, becoming whitish, grayish,

yellowish, dusky or purplish red in alcohol ; wheel-papilliE, of

course, white.

Wheel-])apillnn very large, 1-1.5 mm. in diameter; polian ves-

sels few, only 4-5 ; austral plsanii

Wheel-papillae smaller and polian vessels numerous, 10-20 or

more : boreal l.^Jvis

FF.—Size largo, up to ."00 mm.; crdor prevailingly grayish, with more

or less red pigment in skin discolor
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Chieidota EOTIFERA.

Si/iuiptd rolifcra Pnurtales, 1851, p. 15.

Chlroihila rotifera Stimpsoii, 1860. Ludwig, ISSlrt, p. 41: pi. in. fig-s. 1-15.

ChiriJota rolifcra LiKhvig, 1892&.

Length.—Up to 100 mm.; usually about 50.

Color.—Reddish or purplish, with light tentacles and numerous white

wheel-papilla\

DisTEiBUTioK.—Reported from Biscayne Bay, Florida (Pourtales); Brazil

(Ludwig, Verrill, Rathbun) ; Jamaica (Clark) ; Key West, Florida (Clark,

antea) ; and Bermuda (Clark). Apparently a typical West Indian species, with

the same distribution as Synaptula hydriformis.

Remarks.—This is one of the best known and most distinctly characterized

species of the genus, and is of particular interest because it is viviparous—

a

fact first noted by Ludwig ('Slo); the eggs undergo their development in the

body cavity of the mother, as in Synaptula hydriformis. It occurs commonly

i;nder stones and fragments of coral on sandy beaches or among living corals,

in shallow water, and is somewhat gregarious, a number often being found

under the same stone.

Chieidota FEENA'NrD^NSis.

Chiridota fernandensis Ludwig, 1898r, p. 446.

Length.—Up to 100 mm.

Color.—In life, brownish yellow; in alcohol, whitish yellow; very numer-

ous small wheel-papillfp, white.

Distribution.—Reported only from the Island of Juan Fernandez (Lud-

wig).

Remarks.—This species was collected by Dr. Ludwig Plate in March, 1898.

He seems to have found it ([uite common, as some 20 specimens were taken.

Nothing is recorded of its habits or habitat.

Chieidota stuhlmanni.

Cliiroilota f:tulilrnanni Lampert, 18S)6, p. 67.

Chiridola stiililmanni Ostergren, 189S&.

Length.—80 mm.

CoLOE.—Yellowish, with white wheel-papilhr, each of which has a rust-red

dot.

Distribution.—Reported only from Tuml)atu, East Africa (Lampert).

Remarks.—This seems to be a very well characterized species, of which,

however, only a single specimen is as yet known. The remarkably large (210-

2t)6/x), straight rods confined to the ambulacra, and the very numerous polian

vessels are striking features.
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Chiridota VIOLACEA.

Chirodofa violacea Miiller, 1849, p. 379; 1850, p. 137.

Chiridota violacea Liidwig, 1892&.

Length.—300 mm. or more, with a diameter of only 6-8 mm.

Color.—Not given, presmnably violet or purple.

Distribution.—Reported from Ibo, near Mozambique (Miiller) ; Amirante

Islands (Bell). Semper ('69) gives "Zanzibar," but Ludwig ('99) says that is

probably a mistake, as Semper 's note apparently refers to Miiller 's original

specimen in the Berlin Museum.

Remarks.—Although commonly attributed to Peters, the original descrip-

tion of this species is obviously by Miiller, and, so far as known, Peters never

published one word about it; there is no reason, therefore, why the name should

be written violacea Peters, even if that collector did select the name. Bell

('84) is tbe only zoologist who has been fortunate enough to meet with this

sijecies since its original discovery, but unfortunately he does not consider that

fact sufficient justiiication for giving any information whatever in regard to the

siieciraen (or specimens?) collected by the "Alert." The large size of this

species and the number of digits make it an unusually interesting form.

Chiridota m.^renzelleri.

Plate VII, Figs. 24, 25.

Chiridota vrarenzeUeri E. Perrier, 1904&, p. 370, with text figures.

Length.—33-36 mm., with a diameter of 10-11.

Color.—Reddish above, deepest along the mid-dorsal region, with a network

of fine dark lines like cracks; yellowish white beneath.

Distribution.—Reported only from Magellan Strait (R. Perrier).

Remarks.—So well characterized is this species by its unique coloration, its

still more unique stellate calcareous particles, its few wheel-papilte (6 in one

and 9 in the other dorso-lateral interambulacrum), and its tentacles (having

only three pairs of digits, the terminal the largest), that one is almost inclined

to assign it generic rank; but, after all, the only character which would clearly

mark such a genus is the foi-m of the stellate bodies, and we are scarcely pre-

pared to accord that feature alone such distinction.

Chiridota eximia.

Chirodota eximia Haaoke, in Mobius, 1 (SSO, p. 47.

Chiridota eximia Liidwisr, 18926.

Length.—Not given.

Color.—Not given.

Distribution.—Reported only from Fouquet's Reef, Mauritius (Mobius).
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Eemarks.—Although this species is apparently well characterized, it is

difficult to understand just what form the "schnallenformige" particles have,

and in view of the results of Ludwig's ('83) reexamination of the material on

^\hieh Haacke hased his numerous (14) new species, we may be pardoned if

we are very skeptical regarding this Chiridota, which Ludwig was unable to

examine.

Chiridota regalis.

Chiridota regalis Clark (antea, p. 28).

Length.—Up to 200 mm., with a diameter of about 6 mm.

Color.—More or less deep, royal purple, deepest anteriorly; more grayish

posteriorly.

Distribution.—Coast of Japan, 198-300 m. (Clark).

Remarks.—Although quite nearly related to uniserialis and also to discolor,

which it approaches in size and general appearance, this seems to be a well-

marked species.

Chiridota uniserialis.

Chiridota uniserialis Fisher, 1907, p. 733 ;
pi. Lxxxi, fig. 4, and pi. lxxxi, figs. 5, 5a-c.

Length.—150 mm., with diameter of 7-9 mm.

Color.—Dark purple or pale lilac.

Distribution.—North of Molokai, Hawaiian Islands, 590-745 m. (Fisher).

Remarks.—This species appears to be very close to the preceding, but the

difference in the size, form, and distribution of the C-shaped rods is quite strik-

ing. Fisher notes well-developed retractor muscles in uniserialis, but I found

none in regalis. The wheel-papillae in regalis are often very numerous (70-80

or more), of very variable size, and most numerous anteriorly, where they may

occur in the lateral interambulacra, while in imiserialis they are 9-50 in num-

l)er, of conspicuous size, confined strictly to the mid-dorsal interambulacrum,

and often most numerous posteriorly.

Chiridota rigida.

Plates II, Fig. 3 ; VII, Figs. 26-39.

Chirodota rigida Semper, 1868, p. 18 ;
pi. iii, fig. 3. Calcareous particle?, pi. v, figs.

3 and 13.

Chirodota lihcrata Sluiter, 1888, p. 212. Calcareous particles, pi. ii. fig. 44.

Chirodota amboinensis Ludwig, 1888, p. 819.

Chiridota rigida Ludwig, 1892&.

Chiridota lihcrata Ludwig, 1892&.

Chiridota amboinensis Ludwig, 1892&.

Chiridota haivaiiensis Fisher, 1907, p. 731; pi. lxxxi, fig. 5, and pi. lxxxii, figs. 3,

3a-e.

Length.—25-75 mm.
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Color.—Red of some shade, ranging from reddish brown and reddish pur-

ple to rose-red; tentacle^ ivhitish; wheel-papilla3 white.

Distribution.—Reported from Bohol, Philippines (Semper) ; Bay of Ba-

tavia, Kur-reef, Lucipara and Binongka, D. E. T. (Shiiter) ; Pnlo Edam and

Amboina (Ludwig) ; Rotunia and China Straits, New Guinea (Bedford) ; and

Hawaiian Islands (Fisher). Apparently well distributed throughout the entire

East Indian region.

Remarks.—Since Sluiter's description of lihcrata is obviously erroneous

(he speaks of three ventral interradii), it is evident that his specimens were

very similar to rujida. and as they were quite snuill, there can be little doubt

that they were young ones of that species. Ludwig's amhoincnsis is apjiar-

ently well within the limits of variation which such a species as rigida com-

monly shows and cannot be distinguished therefrom, and the same appears

to be true of Fisher's hawaiiensis. This species occurs around coral reefs,

either among the dead (less commonly, the living) corals or in holes in the

blocks of coral rock.

Chiridota intermedia.

Chiriilota iiitmnrdia Bedford, 18!ii)?<. p. S4(i. Cak-areoiis particles, pi. Lin. fig. 6.

Length.—20-30 mm.

Color.—Whitish, transparent posteriorly.

Distribution.—Reported only from the Mangrove swamp, Funafuti (Bed-

ford).

Remarks.—Although this species is strikingly like a young rigida, the un-

usual habitat and the pale color make it seem probable that it is really quite

distinct. Bedford says that the C-shaped calcareous particles rarely become

S-shaped, "a condition which is normal in C. contoiia," etc. No ordinary

change of form would in itself make the calcareous particles of rigida (Plate

VII, fig. 27) and intermedia like the sigmoid bodies of Tceniogyrus (Plate VII,

tigs. 9-11) ; these latter are an entirely distinct sort of calcareous de]iosit.

Chiridota pisanii.

Chiroilola /lisdiiii Ludwig, 1886^. p. '^'K Ciili-areiius particles, pi. ii. lig. 14.

Chinxhild jiiir/iiirra Theel, 1886a, ])p. 15 and ;i5. Calcareous particles, pi. ii. fig. 1.

Uhirodota inirpurca Lamport. 18896, p. 851.

Chirudota pisanii Lampert, 18S9&, p. 851.

Chiridota pisanii Ludwig, 1892&.

Length.—30-130 mm.

Color.—Red of some shade, varying from dark purple-red to rosy-white;

the color becomes either intensified or bleached in alcohol ; the longitudinal

muscles sometimes show through as white sti'ipes.
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Distribution.—Eeported from Calbuco, Porto Lagunas (Chonos Archipel-

ago) ; Punta Arenas and Susanna Cove (Magellan Strait), Chile (Ludwig)

;

Port Bridge, Tierra del Fnego (Ludwig) ; Orange Bay and Punta Arenas,

Chile (R. Perrier) ; and Falkland Islands (Theel). Apparently ranges on both

coasts of South America and among the neighboring islands to about 42° S.

lat.

Remarks.—This species is of particular interest because, although quite dif-

ferent from its southern allies, it is strikingly similar to the widely distributed

northern species, laris. Curiously enough, Ludwig does not in any of his

several papers ('866, '986, and '98c) make any reference to this similarity, and

yet it is quite noticeable. . Indeed, it is hard to draw any sharp line between the

two species, although pisanii is apparently redder, with fewer and larger wheel-

papilte and polian vessels, and oftentimes has minute oval calcareous grains

in the longitudinal muscles. The southern species occurs in sand or mud along

shore or out to a depth of about 100 m.

Chieidota l^vis.

llolotlmria la'vis Fabricius, 1T80, p. 353.

Holothuria pellucida Vahl in 0. F. Jfiiller, 180G, p. 17.

Chiridota lavis Grube, 1851, p. 41.

Trochinus pallidus Ayres, 1852c, p. 243.

Chirodula tigillum Seleuka, 1867, p. 366.

Cliii-odota typica Selenka, 1867, p. 366.

Chirodota lends Duncan and Sladen, 1881, p. 12; pi. i. figs. 14-19.

Chirodota Jceve Lockington, 1885, p. 180.

Chirodota (djijssicola von Marenzeller, 1893, p. 19: pi. i. fig. 5.

Length.—Up to 200 mm., but usually 50-100.

Color.—Usually pinkish, sometimes bright pink, sometimes pinkish brown,

sometimes nearly transparent and colorless, rarely grayish or yellowish.

Distribution.—Reported from numerous stations on the east coast of

America from 42° N. lat. northward; from Greenland, from Spitzbergen, and

from the northern coasts of Europe above 66° N. lat. Concerning its oc-

currence in the Pacific Ocean, see antea, p. 28. The bathymetrical range in

the North Atlantic is commonly from low water to about 100 m., but von

Marenzeller 's ahijssicola was taken in 2,870 m., north of the Azores, and speci-

mens from the Pacific were taken in over 3,000 m.

Remarks.—The large series of specimens of a Chiridota, apparently this

species, discussed on p. 28, shows that Uvis has either not yet been clearly and

aecnrately defined, or else has a remarkable geographical and bathymetrical

range. It is entirely distinct from the following species, but in the present state

of our knowledge it is surprisingly hard to draw a sharp line between them.

No constant character by which to distinguish the deep-water forms has yet
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been pointed out, so that the interesting" species" ahyssicola must be regarded

as identical with hcvis. Sandy, more rarely muddy, bottoms are the favorite

resorts of Ici'vis, but it also occurs sometimes among stones and seaweeds.

Chikidota discolor.

Cliiridota discolor Esclischoltz, 1830, p. 12; pi. x, fig. 2.

Liosoma sitchwnse Brandt, 1835, p. 58.

Length.—Up to 300 mm., with a diameter of 10-15.

Color.—Whitish, yellowish, grayish, reddish, or brownish, the shade de-

pending on the abundance or scarcity of red pigment scattered in the skin and

the degree of contraction of the body.

DisTEiBUTioK.—Reported from Sitka, Alaska (Eschscholtz), and Okhotsk

Sea (Grube). For other localities, see antea, p. 27. Apparently common on the

northwest coast of America and the northeast coast of Asia.

Eemarks.—There is no doubt that this is a valid species, but its specific

and geographical limits have yet to be ascertained. It lives under stones, in

loose sand along shore, but also appears to range outward into water 1,000 m.

or even more in depth.

POLYCHEIRA, gen. nov.

(7ro\vx«i-/)Oi, many handeil; iu refrrence ti» thv nuiin'rous palmate tentacles.)

Tentacles 18, exceptionally 17 or 19. Digits 9-16 on each side, the terminal

pair the longest. Poliau vessels numerous, 6-19. Gustatory organs do not

occur. Ciliated funnels collected into stalked clusters. Calcareous deposits

similar to those in Chiridota.

This is a monotypic genus including only the wide-ranging and somewhat

variable species to which the following names have been given

:

POLYCHEIEA KUFESCENS.

J

Plate VII, Figs. 14-18.

Chirudota rufescens Brandt, 1835, p. 59.

Chirodota panwnsis Semper, 1868, p. 19. Calcareous particles, pi. v, figs. 1 and 21.

Chirodota vitiensis Semper, 1868, p. 19. Calcareous jiarticles, pi. v, figs. 8 and 20.

Chirodota variabilis Semper, 1868, p. 20. Calcareous particles, pi. v, figs. 6, 7, 9-

11, 19.

Chirodota dubia Semper, 1868, p. 21. Calcareous particles, pi. v, fig. 4.

Chirodota inconyrim Semper, 1868, p. 22. Calcareous particles, pi. v. fig. 5.

Chirodota refuscens Theel, 1886a. p. 36.

Chiridota dubia. inrongrua, panwnsis, rufescens. vitiensis Ludwig, 1S92&.

Length.—60-100 mm.

Color.—Variable, ranging from very dark violet through clear reddish to

almost colorless.
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DisTRiBUTioivr.—Reported from Bonin Islands (Brandt) ; Bay of Manila,

Panaon bei Surigao, and north Lnzon (Semper) ; Singapore (Tlieel) ; Hong-

kong (Lampert, Ludwig) ; Sunda Straits, not Bay of Batavia (Sluiter) ; Timor

(lAidwig) ; Amboina (Ludwig, Sluiter) ; Japan (Ludwig) ; Ternate (von Maren-

zeller) ; Ceylon (Bell, Walter) ; Fiji Islands (Semper) ; Cape York, Australia

(Semper) ; Loyalty Islands and Blanche Bay, New Britain (Bedford) ; Tum-
batu (Lampert); Roepang (Lampert), and numerous places in the D. E. T.

(Sluiter). Apparently distributed throughout the Indo-Pacific region, except

perhai)s in the northwestern part.

Remarks.—The collection and examination of such a large amount of

material as is indicated by the above list of localities where this species occurs

leaves little room for doubt that all of the Indo-Pacific Chiridotas with 16-19

tentacles must be referred to this one species. Semper ('68) himself was

skeptical about dubia and incongrua, while the numerous specimens reported in

the past twent}- years show clearly that p««(FHsis and vitiensis are not constantly

distinguishable. The last-named species is usually ascribed to Graffe, because

Semper ('68) attributes it to him; but Dr. Gratfe never published a word

about it, and Semper himself is really responsible for its description. Semper

says that pancensis occurs among large stones near low-water mark, but noth-

ing else is recorded of either habitat or habits.

T^ENIOGYRUS Semper, 1868.

Sigmodota Studer, 1876.

Tentacles peltato-digitate, 10 or 12. Digits 5-7 on each side, the terminal

pair longest. Polian vessel single, or there may be several. No gustatory

organs. Ciliated funnels not in stalked clusters. Calcareous particles consist

of wheels collected in papillae and large sigmoid bodies about 200 ^ long scat-

tered in the skin; no miliary granules in either skin or longitudinal muscles.

This seems to be a well-characterized genus intermediate between Chiridota

and Trochodota. The two species it contains are apparently quite distinct from

each other. They are confined to the southern hemisphere, but a specimen of

Ta?niogyrus is recorded from the Hawaiian Islands by Fisher (:07) which is

probably an undescribed species nearly allied to contortus.

Key to the Species of T.?iNiOGYRDS.

Tentacles 10; poliau vessel single; sigmoid bodies in papillse, at least dorsally. .

.

australianus

Tentacles 13 ; polian vessels 6 or 7 ; sigmoid bodies not in papillse contortus
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T.ENIOGYRIIS AUSTRALIANXJS.

Chirodota australiana Stimpson, 1856, p. 386.

Ta'tilogi/rus aiislraliinru-'i Semj^er, 1S68, p. 23.

Sigmo(hjta aiisfniliaiia Ostergren, 1898?;.

Length.—30-50 mm.
CJoLOB.—Yellowish

Distribution.—Port Jackson, New South Wales (Stimpson).

Remarks.—This very interesting species, rediscovered in the collection of

the National Museum, is well worthy of the generic distinction, which Sem]ier

accords it. Like Leptosynapta dolahrifera, it is known only from Port Jack-

son, where Stimi)Son ( '56) says it occurs under stones near low-water mark.

The wheel-papilhv are cous))icuous, l)ut occur only in the dorsal interambulacra

and are most abundant anteriorly. The sigmoid bodies are also in ])apillaB

which are very al)undant all over the body, but are largest and most noticeable

dorsally. Each papilla contains six or eight sigmoid bodies. The calcareous

ring is very narrow, much as Dendy ( '1)7) figures it for Trocliodota dunedinen-

sis. The genital glands are distinctly branched. Each of the five specimens

at hand has only ten tentacles.

T^NIOGYRUS CONTORTUS.

1'late VIL Figs. 8-13.

Chirodola cantor la Ludwig, 18"4, p. 80. Calcareous parLicles, pi. vi, %. 6.

Sigmodota purpurea Studer, 1876, p. 454 (non Lesson).

Chirodota purpurea Bell, 1881, p. 101.

Cliirodota stiiderii Theel, 1886((. p. 33.

Chiridota contorta Ludwig, 1893&; 18986. p. 73; jil. ni. figs. 37-42.

Sigmodota contorta Ostergren, 1898&.

Length.—20-45 mm.
Color.—Very variable, ranging in life from orange through various shades

of red and purple to brownish violet; tentacles lighter, white to orange-red;

alcoholic material varies from yellowish white or gray to brownish red or

violet.

Distribution.—Reported from Port Gallant, Punta Arenas, the Elizabeth

Islands, and stations in Strait of Magellan (Theel, Bell, Ludwig) ; Canal de

Washington (R. Perrier) ; eastern coast of Patagonia (Lampert, Ludwig)

;

Navarin Island, south of Tierra del Fuego (Ludwig) ; between Patagonia and

Falkland Islands (Theel); South Georgia (Lampert); Marion Island (Theel);

Kerguelen Island (Studer, Theel); near Madura Island, D. E. I., 82 m. (Slui-

ter). Apparently ranging from Kerguelen to the Strait of Magellan, across the

southern Indian and Atlantic Oceans.

Remarks.—This interesting- species has had a peculiar history, which is

admirably told by Ludwig {'98b), who also gives a very readable account of

the morphology and development. It is found in sand and mud near low-water
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mark, or more commonly at depths of 30-220 in. It is especially remarkable

for its breeding habits. The eggs undergo their development in the genital

tubes of the mother, and consequently the species is not only viviparous but

is unique among holothurians in the possession of uteri. One cannot avoid the

feeling that a careful comparison of good material from Kerguelen and its

vicinity with material from the Strait of Magellan and the Falkland Islands

will show that there are two distinct species in these widely separated dis-

tricts. The specimens reported from the East Indies by Sluiter (:01) prob-

ably represent a third species, while that from Hawaii (Fisher, :07) is very

likely a fourth; but of course it is not impossible that contort us does occur

throughout the southern hemisphere, and even extends its range northward into

the East Indies and among the Pacific islands.

TROCHODOTA Ludwig, 18,2.

Tentacles 10. Digits 2-6 on each side. Polian vessel single. Stone-canal

single. Calcareous ring of 10 slender pieces, the radial not pierced for pas-

sage of nerves. Gustatory oi-gans sometimes (always?) present on tentacles.

Calcareous deposits consist of sigmoid bodies (Plates VII, figs. 2 and 6) (90-

160 ju in length) either scattered irregularly through the skin or arranged in

circles or in little groups ; with these are associated wheels, like those of

Chiridota, but scattered through the skin and never collected in wheel-papill;B.

This is a very natural and well-defined group, first set off by Ludwig

( '92/> ) under the name Trochodota. Its geographical distribution is remark-

able, for while one of the species occurs only at New Zealand, a second is found

only about the southern end of the American continent and the third is con-

fined to the Bay of Naples. The last is, however, such a small species and so

difficult to find that its range may really be very much greater than is sup-

posed.

Key to the Species of Trochodota.

.4.—Wheels about 150-180 /x iu diameter; sigmoi<l hodies normally with one end rolled in-

ward, the other curved outward in a different plane, and neither end enlarged (plate

VII, fig. 6).

Wheels scattered all over the body; genital tube unbranched purpurea

Wheels confined to 3 dorsal interradii; genital tubes somewhat branched.

dunedinensis

AA.—Wheels about 80^ in diameter; sigmoid bodies not as above, often thickened at one

end (plate vii. fig. 3) venusta

Teochodota purpukea.

Ilolothuria (Fistularia) purpurea Lesson, 1830, p. 155; pi. 53, fig. 1.

Chirodota purpurea Jager, 1833.

Chiridota purpurea Brandt, 1835.

Sigmodota purpurea Studer, 187G, p. 454 (partim).

Chirodota australiana Tlieel, 1886a, p. 16.
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Chirodota studeri Lampert, 1889&, p. 849. Calcareous particles, pi. xxiv, fig. 12.

Trochodota studeri Ludwig, 18d2b.

Sigmodota studeri Ostergren, 1898&.

Trochodota purpurea Ludwig, 18986, p. 9''^. Calcareous particles, pi. iii, figs. 43-45.

Length.—Up to 40 mm.
Color.—Variable; yellowish, reddish, or brownish, more or less dusky or

with red spots; Lesson gives the color in life as carmine-red to pnrple-red.

Distribution.—Reported from Falkland Islands (Lesson, Ludwig) ; Strait

of Magellan (Lampert, Ludwig, E. Perrier) ; Lennox Island and Picton Island,

south of Tierra del Fuego (Ludwig). Apparently occurs only around the

Falkland Islands and the extreme southern parts of the American continent.

Eemarks.—This species has been the source of much confusion, but Lud-

wig ('98&) seems to have straightened out the synonymy with great accuracy.

It occurs commonly among the so-called "roots" of Laminaria and other algne,

but may perhaps also live in sand or mud, at depths of less than 20 m. The

sigmoid bodies are scattered all over the body and lie at right angles to the

longitudinal axis.

Trochodota dtjnedinensis. .

Chirodula duncdinensis Parker, 1881, p. 418.

Chiridota dunedinens-is Ludwig,- 18926.

Chirodota dunedinensis Dend^y, 1897, p. 26. Calcareous particles, pi. iii, figs. 1-8.

Trochodota dunedinensis Ludwig, 18986.

Sigmodota dunedinensis Ostergren, 18986.

Length.—Up to 50 mm.

Color.—Pale yellowish; in life, with minute red spots.

Distribution.—Reported only from Otago Harbor, New Zealand (Parker,

Dendy, Ludwig).

Remarks.—Parker speaks of dark spots on the inner side of the tentacles,

which are not affected by alcohol, but neither Dendy nor Ludwig refer to

them, and we can only surmise as to whether they are gustatory organs, such

as Semon ('87) says occur in venusta. The habitat of this species appears to

be like that of the preceding, among seaweeds, in shallow water. It appears

to be rare, for the specimens examined by both Dendy and Ludwig were from

the original lot collected by Parker, and so far as I can learn, no others have

been collected. There can no longer be any question as to the complete dis-

tinctness of this species from Tceniogyrus australianus. Dendy and Ludwig

have each intimated that the two species were probably identical, and I have

for several years considered them so, but the material of australianus in the

National Museum has shown the error of such a belief.
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Trochodota VENTJSTA.

Plate VII, Figs. 1-4.

Chiroflota venusfa Semon, 1887, p. 27G; pi. 9, fig^ 1-3; pi. 10. figs. 8, 14, 15.

Trochodota venusta Ludwig, 1892Z).

Sigmodota venusta Ostergren, 1898&.

Length.—Up to 27 mm.

CoLOB.—Nearly transparent, with a reddish tinge, due to very minute pig-

ment-cells in the skin.

DisTKiBTJTiON.—^Reported only from the Bay of Naples (Semon).

Eemarks.—This curious little species occurs among the roots of eel-grass

and is apparently quite rare. Nothing is known of it beyond Semon 's original

account. He speaks of sensory-organs on the tentacles, but gives no details in

regard to them.

SCOLIODOTA, gen. nov.

(cTKoAtos, criiokcd, -|- SoTos, gnmtrcl, given; in reference to the crooked sigumid Ixiilirs and to

agree in termination with Chiridota.)

Tentacles 10. Digits 10 or more. Wheels wanting; calcareous particles

sigmoid bodies only, commonly arranged in groups.

This is a monotypic genus, apparently quite closely related to Ta>niogyrus,

confined to the East Indian region, but ranging from Japan to Australia.

SCOLIODOTA JAPONICA.

Plate VII, Fig. 5.

Cliirodota japonica von Marenzeller, 1881, p. 123.

CJiiruiJotd japonica Thecl, ISSfia, p. 17. Sigmoid bodies, pi. ii_, fig. 3.

Anapta japonica Ludwig, 1893&.

Sigmodota japonica Ostergren, 1898b.

Length.—More than 40 mm. (v. Marenzeller) and up to 170 mm. (Theel).

Color.—In life, blood-red (v. Marenzeller) ; in alcohol, whitish gray or pale

brownish violet, with numerous small dark I'cd or violet papilke (Theel).

Distribution.—Reported only from Eno-sima, Japan (v. Marenzeller) and

Port Jackson, Australia (Theel).

Remarks.—Theel says that his specimens were highly incomplete, and it

is not impossible that they represent a species quite distinct from the Japanese

one, although, so far as I can see from the specimens in the National Museum,

they agree perfectly with v. Marenzeller 's description. It is not at all likely

that wheels are normally present in this species, but much more extensive ma-

terial is necessary before the matter can be considered settled beyond question.

TOXODORA Verrill, 1882.

Tentacles 12. Digits numerous, 10-16. Wheels wanting; calcareous par-

ticles consist exclusively of "minute, slender plates in the shape of a bow or

parenthesis with the ends incurved."
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This is another monotypic genus. Its relationship with Chiridota is per-

fectly obvious, but wheels appear to ba consistently wanting. The calcareous

particles are very small, only about 60 /^ in length, and closely resemble the

C-shaped rods of Chiridota rotifera.

TOXODORA FERRUGINEA.

Toxodora fcrnininca A'orrill, 1882, p. 320.

Chlrodota ferruginea Theel, 1886a.

Anapta ferruginea Ludwig, 1892&.

Sigmodota ferruginea Ostergren, 18986.

Length.—30 mm. or more, with a diameter of 5-10 mm.

Color.—Reddish brown, from the minute pigment-cells with which the skin

is thickly filled.

DiSTRiBUTioisr.—Reported only from several stations south of Nantucket and

Marthas Vineyard, in 140-280 m. (Verrill).

Remarks.—Thanks to the kindness of Professor Verrill and ]\Iiss Rathbun,

I have had the opportunity of examining si)eeimeus of this interesting species. I

find that the calcareous deposits are very much like the C-shaped particles

of some species of Chiridota. But there is no indication that wheels are, or ever

have been, present, and the species therefore cannot be placed in that genus.

ACHIRIDOTA, gen. nov.

(a privative -l- rliiridota; i. e., ntit chiridota.)

Tentacles peltato-digitate, 12. Digits small and rather numerous (6-8 pairs).

Deposits entirely wanting. Polian vessel single, large. Calcareous ring well-

develojied.

This genus seems to be required for the following unique species, which

bears the same relation to Chiridota that Auapta does to Leptosynapta and that

Dactylapta does to Protankyra.

AcHIRmOTA INERMIS.

Anapta inerniis Fisher, 1907, p. 730; pi. lxxiii, fig. 3, and pi. Lxxxii, fig. 1.

Length.—About 100 mm.
;
greatest diameter, 14-20 mm.

Color.—Bleached grayish, profusely covered with small reddish-brown or

yellowish-brown spots, most abundant anteriorly.

Distribution.—Hawaiian Islands, 466-772 m. (Fisher).

Remarks.—This singular species, of which Fisher had eleven specimens

from seven stations, is very much like Chiridota in general appearance, but

the single polian vessel and the entire absence of deposits separate it distinctly

from that genus.
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MYRIOTROCHTN^ Ostergren, 1898p.

Tentacles digitate, much as in Chiridota, but -n^eaker, with 2-8 digits on

each side.' Cartilaginovis ring, light-detecting and gustatory organs, and true

ciliated funnels wanting. Polian vessel and stone-canal single. Calcareous de-

posits in the form of wheels, always with more than six spokes and never col-

lected in wheel-papillfP. Other calcareous deposits very rare. Sexes separate.

Size small. Distribution, arctic and subarctic, rarely north temperate.

This well-characterized little group has been made known to science almost

exclusively through the efforts of the Scandinavian zoologists—Danielssen,

Koren, M. Sars, Theel, and Ostergren—and to the last two in particular are we

greatly indebted for careful and accurate work. All of the Myriotrochinse are

so small that they would be easily overlooked by careless workers, and as they

occur in mud and sand, often at considerable depths, it is not strange that,

with the exception of the largest and commonest species, very few specimens

have l^een found. The group has for many years been supposed to consist of

three monotypic genera, but the admirable work of Ostergren has shown ns that

one of these genera contains at least four species. None of the terms used in

the keys or descriptions require any explanation.

Key to the Genera of JlYRioTROCHiN.Ti:.

.-1.—Wheels of only one kind, witli 10-25 spokes.

liim of the wheels witli numerous large teeth projecting liorizontally inward (plate

VIII. figs. 17, 18, 19, 22) Mtriotrochus

Eim of the wheel with scattered, somewhat pointed knohs, not projecting horizontally

inward (plate viii, fig- 13) Trochodehjia

.4.4.—Wheels of two kinds, with 8-11 spokes (plate viii. ligs. 4 and 5) Acakthotrochus

MYRIOTROCHUS Steenstrup, 1851.

Oligofrochus M. Sars, 1866.

Tentacles 10 or 12. Calcareous deposits consist of wheels with 10-25

s])okes, and with numerous large, flat, sharp teeth in-ojecting horizontally in-

ward from the rim; these wheels vary greatly in size and in abundance, but

all have the same general appearance. No other calcareous deposits in the

skin and rarely in the tentacles.

Our knowledge of this genus has been revolutionized by Ostergren 's re-

cent jiapers ( :0o, -.Ooa, and :05&). Although two of the species have 10 tenta-

cles and two have 12, it does not seem to be possible to divide the genus into

two natural groujis, either by that or any other character.

Key to the Species of .AIyuiotrochus.

A.—Tentacles 12. Size moderate, 30 mm. or more.

Wheels numerous all over the dorsal surface, infrequent or wanting venirally, 140-

330 /x in diameter, with 12-25 (average about 17) spokes and 16-35 (average about

26) teeth (plate vni, fig. 22) rinkii

'Figures 16 and 21, plate viii, give very erroneoas representations of the tentacles of Myriotrochus.
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Wlieels few, usiuillj' less than 30, confined to anterior and posterior parts of dorsal

surface, 55-95 ;n in diameter, with 11-16 spokes and 17-26 teeth (plate viii, fig. 17).

VITREUS

/L4.—Tentacles 10. Size very small, less than 20 mm.
Calcareous rods present in tentacles ; wlieels of two sizes, with few intermediates,

55-80 ;u and 100-150 ft, with 13-16 spokes and 18-26 teeth minutus

No calcareous rods in tentacles; wheels 130-225 /x, with 12-15 spokes and 24-30 teeth.

THEELI

Myeiote©chus binkii.

Plate VIII, Figs. 21-22.

Myriotroclms rinkii Steenstrup, 1851, p. 55; pi. iii, figs. 7-10.

Chiridota hre.vis Huxley, 1852, p. ccxr.

Myriotroclms rinHi Theel, 1877, p. 2: pi. i.

Length.—40-65 mm., the diameter oue-fonrth or one-fifth as much.

Color.—In life, "half-transparent" and "red" like " Synapta inhcerens"

(Ostergren) ; alcoholic material is whitish, yellowish, or greenish.

Distribution.—Beported from numerous stations between Bering Sea on

the west to about 71° E. long., north to at least 82° N. lat., and south (on the

east coast of North America) to at least 45° N. lat., but on the Scandinavian

coast not south of 70° N. lat.; also reported by Theel ('86«) from the north-

ern coast of Asia, so that there is good reason to believe the species is really

circumpolar. The bathymetric range is from 2 to 666 meters.

Remarks.—Although this species has such an extensive range, it exhibits

comparatively little variation. Ostergren (:03), in his interesting account of

this species, points out that in the most northerly specimens the number of

spokes is 70-80 per cent of the teeth, while in southern examples it is only

54-60 per cent. (See antea, p. 30.) In high arctic regions this species is

sometimes found in water ouly 2 or 3 m. deep; usually, however, fi'om 5-100

m., and in the southern part of its range it occurs chiefly at depths of from 60

to more than 300 m. Nothing is recorded of its habits except Ostergren 's state-

ment that it shows "only a little tendency to autotomy."

Myriotrochus vitreus.

Plate VIII, Figs. 15-20.

Oluiotrorlius ritrrns M. Sars, 1866, p. 200.

Myriotrochus rinhii Auct., 1877-1898, partim.

Myriotroclius vitreus Ostergren, 18986^ 1903.

Length.—Up to 60 mm.
Color.—Perfectly transparent in life, with sometimes a greenish or (near

ends of body) reddish tinge; alcoholic specimens are less transparent.

Distribution.—Reported only from coast of Norway, from Skjiger Rack to

Skraawem, in depths of 100-700 m. (Ostergren).
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Remarks.—Ostergron ( :03) appears to liave clearly established the right of

this species to recognition. In addition to the differences between it and the

preceding species already mentioned, Ostergren emphasizes the form of the

longitudinal muscles, which are broad, flat, and thin in vitreus, even anteriorly,

instead of narrow and much compressed anteriorly, as in rivYii; and the

tendency of vitreus to autotomy.

Myrioteochtjs minutus.

Myyiolnii-hus minutus Ostergren, 1905&, p. cxciv, fig. I A.

Length.—6-10 mm.

Color.—Practically wanting; body-wall thin and nearly transparent.

Distribution.—Reported only from the coast of Korea, at a depth of 60-65

m. (Ostergren).

Remarks.—This little synaptid is of special interest because of its having

numerous sup])orting rods in the tentacles, in which it is unique in the sub-

family; and its having the alimentary canal connected with the body-wall in

a manner somewhat different from that of any other holothurian. Its geograph-

ical position is also unique, no other member of the subfamily occurring any-

where nearly so far south.

Myriotrochus theeli.

Myriotrothus theeli Ostergren, 1905a, p. clix.

Length.—12-15 mm.

Color.—White, half transparent.

Distribution.—Reported only from northwest of Jan Mayen, 72° 42' N. and

14° 49' W., at a depth of about 2,000 m. (Ostergren).

Remarks.—This interesting species is notable for the great depth at which

it is found, showing that, like Acanthotrochus, it is a true deep-sea form. Only

five specimens have been taken.

TROCHODERMA The'el, 1877.

Tentacles 10. Calcareous deposits consist exclusively of wheels with 10-16

spokes ; the rim with scattered somewhat pointed knobs, but without teeth pro-

jecting horizontally inward. These wheels lie in the skin in so many layers as

to make the body-wall quite firm.

This monotypic genus is easily recognized by the form of the wheels, which

are quite different from those of any other synaptid.
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Trochodeema ELEGANS.

Plate VIII, Figs. 7-14.

Trochodcrma elegans Theel, 1877, p. 11; pi. ii.

Length.—10-15 mm.

Color.—Silvery white.

Distribution.—Eeported from Nova Zemlila and Sea of Kara (Theel et al.).

Remarks.—The geographical distribution of this species is somewhat doubt-

ful, owing to the unfortunate error of Stuxberg (see Ostergren :03, p. 16, foot-

note) in confusing Myriotrochus rinkii with it. It lives in comparatively shal-

low water, 9-220 m.

ACANTHOTHOCHUS Danielssen and Koren, 1879.

Tentacles 12. Calcareous deposits consist exclusively of wheels, but these

are of two perfectly distinct kinds ; of these the smaller usually have 11 spokes

and 22 or more large inwardly directed teeth, as in Myriotrochus, while the

larger usually have 8-10 spokes, and alternating with them 8 outwardly pro-

jecting spines.

This remarkable monotyjiic genus is still known only from the original

specimens of its describers.

ACANTHOTBOCHUS MIRABILIS.

Plate VIII, Figs. 1-6.

Aranthotrorhus mirabilis Danielssen and Koren, 1879, p. 115; also 1882, p. 35, [)I. vi.

Length.—10-12 mm.

Color.—Wanting; skin nearly transparent, "with glittering points."

Distribution.—Reported only from between Spitzbergen and Norway, in

1,203-2,030 m. (Danielssen and Koren).

Remarks.—Nothing further is known of this interesting species beyond the

descriptions and figures of Danielssen and Koren.

CONCLUDING REMARKS ON THE SYNAPTID^.

Interrelationships.

Having thus characterized the 21 genera and 88 species of Synaptidae known

to science at the present day, it may be of interest to attempt to show in graphic

form the relationshii) which they seem to have to each other. There is every

reason to believe that the ancestor of the grouyi was a small 10-tentacled

apodous holothurian, and there is some reason for believing that the earliest

well-formed calcareous particles were wheel-shaped, for such particles are the

first to appear in the auricularia of Labidoplax (see Semen, '88). In the face

of such knowledge of echinoderm embryology as we have, we can hardly believe

that such a condition as occurs in Rhalxlomolgus, the entire absence of calca-
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reous particles, is to be regarded as ancestral. Whether the tentacles of the

earliest synaptids were digitate or pinnate cannot be positively determined;

the earliest tentacles of the Synaptidas with pinnate tentacles (see Clark, '98(7

)

are simple and then pinnate, and of the Chiridotinag (see Ludwig, '98&) are

digitate almost from the start; in Labidoplax, however (see Semon, '88), the

tentacles are simple before becoming digitate. On the whole, it seems probable

that the earliest synaptids had 10 simple tentacles and a few more or less

wheel-shaped deposits. From this form have diverged two quite distinct

branches, one losing the wheels and developing anchors, the other developing

various forms of wheels. The interrelationships of the genera might then be

represented as follows:

Polyplectana

Euapta

Synaptula

Leptosynapta

Anapta

Polycheira

Chiridota

Toxodora

Achiridota

Myriotrochus

Trochoderma

Rhabdomolgus

10-tentacled

Ancestral Form

It will appear then that Rhabdomolgus is the nearest living representative

of the ancestral stock, though not necessarily close to it, while Polyplectana,

Protankyra, Polycheira, and Acanthotrochus are the most highly specialized

forms of their respective branches.

Geographical Distribution.

In considering the distribution of the foregoing genera and species we may
well consider simply the littoral regions proposed by Ortmann {Grundziige tier

Marinen TMergeographie, 1869), so few of the Synaptidae are truly abyssal

forms and these almost exclusively of the genus Protankyra. We are at once

struck by the fact that the Indo-Pacific region is easily the most important

geographical area for synaptids, no less than fifteen genera having representa-

tives there, and ten of these (six monotypic, however) may be considered

as distinctly Indo-Pacific genera. The Atlantic Boreal subregion has repre-
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sentatives of seven genera, of which four (two monotypic) are really charac-

teristie. The Arctic region is characterized by the three genera (two mono-

typic) of Myriotrochinre, and three other genera are represented there. The

Antarctic region has two characteristic genera, while four other genera occur

there. No synaptids are known from the West American region or the Guinea

subregion, and there are no characteristic genera in the East American region

nor in either the Mediterranean or Pacific Boreal subregions. One genus,

Chiridota, cannot be considered characteristic of any single region; of all synap-

tid genera it is the most truly cosmopolitan. As regards the abyssal region (over

1,000 m.), Protankyra, Chiridota, Myriotrochus, and Aeanthotrochus are repre-

sented there, but the two latter are characteristically Arctic forms and only ex-

tend a little way into the Boreal subregions, so that we are justified in saying

that the only truly abyssal Synaptids known are a few species of Protankyra and

Chiridota. The following table will show these facts of distribution in a conven-

ient way. The * indicates that the genus is characteristic of the region, * * that it

is not found elsewhere, and the figures in parentheses indicate the number of

species occurring in that region.

indo-Pacific Littoral Region:

Euapta (1).

** Oplieodesoma (4).

** Polyplectaua (1).

** Synapta (1).

* Synaptula (7).

* Protankyra (17).

* Anapta (2).

** Dactylapta (1).

** Polycheira (1).

** Achiridota (1).

**Scoliodota (1).

Chiridota (6).

Leptosyiiapta (1).

Labidoplax (1).

Ta?uiogyrus (1).

Antarctic Littoral Region:

* Taeniogyrus (2).

*Trochodota (2).

Leptosynapta (1).

Anapta (1).

Chiridota (3).

Scoliodota (1).

Atlantic Boreal Suhregion:

* Leptosynapta (7).

* Labidoplax (4).

**Rhabdomolgus (1).

Ailail lie Boreal Subregion (continued) :

**Toxodora (1).

ProtauJvyra (1).

Chiridota (1).

Myriotrochus (2).

Arctic CircumiJolar Subregion:

* Myriotrochus (2).

** Trochoderma (1).

** Aeanthotrochus (1).

Leptosynapta (1).

Ijaljidoplax (1).

Chiridota (3).

Pacific Boreal Subregion:

Leptosynapta (1).

Chiridota (1).

Myriotrochus (1).

East American Littoral -Region

:

Euapta (1).

Synaptiila (1).

Leptosynapta (3).

Chiridota (1).

Mediterranean Subregion

:

Leptosynapta (2).

Labidoplax (2).

Trochodota (1).

Abyssal Region:

Protankyra (7).

Chiridota (2).
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We know too little about the range of the great majority of the species to

attempt any study of geographical distribution more in detail; but it is inter-

esting to note the striking difference between the Arctic and Antarctic faunas,

for, excepting Chiridota Icevis and Leptosynapta inJi(rrens, both of which are

very wide-ranging and very poorly delimited, none of the 25 species occurring

in the Arctic and Boreal subregions have any near relatives in the Antarctic

region, and the 10 species occurring in the latter region are, with one or two

possible exceptions, entirely confined within its limits. Moreover, the northern

regions have five very characteristic genera, entirely unrepresented south of the

equator, while the southern fauna possesses two characteristic genera, each

of which seems to have only an aberrant memlier north of the equator. It is

difficult to reconcile these facts with any rational "theory of bipolarity."





Plate III.

Aphelodactyla violpadioidcs (Semper).

Adult, natural size. (From Semper, 1868.)



Smithsonian Contributions to Knowledge.—Clark.
Plate III
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Aphelodactyla molpadioides (Semper)





PART IV,

THE MOLPADIID^.

Order ACTINOPODA Ludwig.

External appendages of the water-vascular system arise only from the well-

devoloped radial canals.

Family MOLPADIID^, J. Miiller.

More or less elongated, rather stout holothurians, with an anterior, flat,

circular oral disc and generally tapering posteriorly into a more or less evi-

dent caudal portion; with well developed respiratory trees, but with water-vas-

cular system greatly reduced; 15 (in only one species, 10) circumoral tentacles,

simple or digitate, usually with conspicuous ampullse, are present ;
radial water

vessels are present, but, except for a few very rudimentary papilte at their

posterior termination, they are rarely associated with any outgrowths of the

body-surface ; circular muscles are interrupted at each radius, and each radial

longitudinal muscle usually consists of two parallel bands; no special sense-

organs are present, nor are there ciliated funnels on the mesenteries or wall of

the body cavity ; calcareous deposits, commonly in the form of tables, fusiform

rods, or perforated plates, usually present ; anchors sometimes occur, but wheels

and sigmoid bodies do not; phosphatic deposits (see page 143) often present.

Morphology.^

Form and size.—The body is generally of considerable diameter in propor-

tion to its length, the ratio ranging from nearly equal in some young speci-

mens to about 1 -.10 in some old and fully extended individuals ;
excluding the

caudal appendage, the length is not often more than three or four times the

diameter, although of course much depends on the amount of contraction. The

caudal appendage is commonly quite evident (see Plates IX, X, XI, XIII), but

is entirely wanting in Acaudina and is more or less indistinct in several species

of other genera. It is commonly from one-twelfth to one-third of the total

length, but may be more than one-half in Caudina and rarely so in Molpadia.

The largest member of the family is apparently AphelodacUjla molpadioides

(Plate III), which is sometimes 210 mm. long and correspondingly stout ;
Com-

dina arenata undoubtedly reaches a greater length, perhaps 250 mm. when fully

>In the preparation oTthis section f^i^iarticularly indebted to Gerould's admirable report on

Caiidina arenata U89ti), which has never been surpassed as a study of holothurian morphology.
^^_
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extended, but is much more slender. The smallest species {Eupyigus pacificus)

is only 6 or 7 mm. long, but the diameter is one-half as much. The great ma-

jority of the species, however, approach the maximum rather than the mini-

mum extreme, and few Molpadids, when fully mature and normally extended,

are less than 50 mm. long.

CoLOE.—The usual ground color in this family is pale gray, which may

be unmarked and even untinted, but is usually^ shaded with brown, dull red or

rosy, and is often spotted or blotched with red, brown, or purple of some

shade. The ultimate color effect depends in most cases on the degree of de-

velopment of the deposits in the skin, for the occurrence of real pigment is un-

usual. In Acaudina, however, the color is very dark, although there are no

colored deposits, and in some species of Molpadia a purple, or less commonly

an orange or a brown, pigment is present, which more or less considerably

modifies the color. The excessive development of calcareous deposits in a thin

skin may give rise to an almost jiure white surface, while a similar excessive

development of the phosphatic deposits (see p. 14.'>) may make the surface ap-

pear deep red, purple, brown, or nearly black; in these latter cases the oral

disc and tail are almost always white by contrast. All intergradations occur,

even in a single species, between very light color and very dark; in such cases

there is reason to believe the older the individual the darker it becomes. Ex-

cept Acaudina, species lacking phosphatic deposits are seldom dark or notice-

ably colored, but occasionally a species is met with which has a distinct color.

Such, for example, is Aphelodactyla molpadioides (Plate III), which Semper

figures of a uniform purplish red, and its near relative A. punctata, which is

blotched with orange. The color is seldom different dorsally from what it is

ventrally, but occasionally the upper side is darker. It is not unusual for the an-

terior end to be more heavily blotched and shaded than is the posterior i)or-

tion of the animal. The colors seem to be little affected by alcohol or other

preserving fluids, except that rosy shades are commonly lost, and the reds,

browns, and purples are deepened. The body-wall may be quite thin and

translucent, and then the longitudinal muscles show as five deeper bands; but

alcohol makes it opaque, and the longitudinal muscles may then be concealed,

though their position is usually indicated by the furrows in the body-surface,

caused by the contraction of the transverse muscles.

BoDY-suBFACE.—The surface of the body in the Molpadiidte is often quite

rough, on account of the calcareous deposits in the skin, but where these are

inconspicuous or lacking, the surface is commonly smooth and may be even

slimy. Verruca;, such as occur in the Synaptida^, and pedicels and papillae

are i)ractieally unknown. Very rarely, long, slender papillae occur in the mid-

dorsal interambulacrum and hardly more common is it for rudimentary pedicels

to occur near the ends of the body. Gland cells occur in the skin, most com-
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mouly on the anterior p.art of the body, and especially on the tentacles, but in

only a few cases are they abundant enough to make the surface very slimy. The

mucus is, however, frequently abundaux enough to cause sand and mud to ad-

here, and if such individuals are placed in alcohol the mucus is hardened and

the mud and sand then persist. In a few eases the calcareous deposits are

abundant enough to make the body-wall very firm and even brittle, while in

other cases the abundance of phosphatic deposits gives considerable rigidity.

In the latter case, however, the surface is quite smooth. As a rule, the skin is

much thinner and rougher in the young than in adults, and in some species the

young may have a thin and very rough skin, while the fully mature specimen

is perfectly smooth and has quite a thick skin.

Tentacles.—The number of tentacles in the Molpadiidse is almost invaria-

bly 15 (Plate X, fig. 2), except in the singular genus Ceraplectaua, in which

there are only 10 (Plate XIII, fig. 6). Of course individuals are occasionally

met with which have 14, and much more rarely one sees a specimen with 16.

In Ceraplectana there are two tentacles in each interradius, while in all other

cases, so far as known, there are not three in each interradius, as might be sup-

posed, but four in the mid-dorsal interradius, three in each of the latero-dorsal

interradii, three in one of the ventral interradii, and two in the other. A\Tiether

it is the right or left ventral interradius which has three tentacles seems to de-

pend on the individual. The tentacles are always relatively short and rather

stout. They are simple and undivided in some species (Plate XII, fig. 22), and

are then usually soft and flexible, but may be firm and horny. Most commonly

there is a single short digit on each side, near the tip, so that there are ap-

parently three digits with the terminal one largest; occasionally there are two

or even, in very large specimens, three digits on each side, those nearest the

base being the smallest. In other cases the tentacles bear two pairs of digits

of approximately equal size, so arranged that one pair is at the tip, closely fol-

lowed by the other; there is then no terminal unpaired digit (Plate X, fig. 2).

In some cases the terminal pair is distinctly larger than the second, but more

commonly if one pair is larger it is the latter. The tentacles are of equal size,

though of course they need not always be equally extended in a living, or equally

contracted in a preserved specimen. They are hollow, containing as they do the

tentacular canals of the water-vascular system. These canals pass directly

into the digits, extending to their tips. The wall of the tentacle is made up of

a thin cutis overlying a layer of columnar epithelium, beneath which is a thin

connective tissue layer, which does not normally contain calcareous deposits.

The cavity of the tentacle is lined with an epithelium, and between it and the

connective tissue is a layer of longitudinal muscle fibers. Circular muscles are

probably not present, although they are said to occur in Molpadia. Exterior

to the muscles, on the inner side of the tentacle, is a layer of nervous tissue.
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The external epithelium is thickest on the digits, where it may be more than

twice as thick as it is on the body; it contains both nerve and gland cells. Ten-

tacle ampullae are commonly, but not always, present.

Sense-organs.—The only structures in the Molpadiidsc which can be called

sense-organs are the tentacles, which are undoubtedly important organs of

touch, except possibly in Ceraplectana. The immediate seat of tactile sensa-

tions is in sensory nerve cells, which are scattered all through the covering

epithelium of the body. They are considerably elongated, and the inner end

is probably directly continuous with a nerve fiber; the outer end, however, is

not ciliated or peculiar in any way. They are most abundant in the digits, where

they are collected into groups forming very simple and primitive "sense-

buds" or touch-papillae.

Nervous system.—The nervous system of a Molpadid is not essentially dif-

ferent from that of any other holothurian. It consists of the customary cir-

cumoral ring, flattened antero-posteriorly so as to be from two to five times as

wide as deep, five radial longitudinal nerve trunks, 15 tentacle nerves, and 10

bucco-pharyngeal nerves. The circumoral ring is about one-fourth of a mm. in

width and one-twentieth to one-tenth in thickness, and lies beneath a connective

tissue layer immediately internal to the base of the tentacles. On its inner face

there is a deep, narrow furrow. It consists of delicate fibers interspersed with

numerous ganglion cells, which are much more abundant than in the radial

nerves ; the ring is covered on its anterior and inner sides by an evident epithe-

lial layer, the nuclei of which are small and deep-staining and apparently are

associated with a non-nervoiis supporting tissue, fibers of which run among the

nerve fibers but across the nerves. The radial nerves consist of two parts, a

thick outer band, crescentic in cross-section, and a thin, inner band, closely ap-

pressed to the outer, separated only by a thin layer of connective tissue. This

inner band shows a median longitudinal furrow throughout most of its length,

and anteriorly divides into two branches, which subdivide and innervate the

neighboring muscles, both longitudinal and transverse, and thus disappears
;
pos-

teriorly it terminates in a slight enlargement. The outer band runs backward

to the termination of the radius beside the cloacal opening. The muscles, both

transverse and longitudinal, are apparenfly innervated by branches from the inner

band, while the outer band chiefly supplies the integument. Both bands send

nerves to the rudimentary pedicels at the ends of the ambulacra. The histolog-

ical structure of the bands is similar to that of the circumoral ring. The ten-

tacle nerves arise from the posterior outer portion of the circumoral ring and

run upward on the inner face of the tentacles, forming a wide sheet, thickest

mesially, near its base, and diminishing in width and thickness as it passes up-

ward. Its histological structure is similar to that of the radial nerves. It gives

off solid branches of fibers running directly to the touch-papilhx} and isolated
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fibers running to single neuro-epithelial cells. The bueco-pharyngeal nerves run

radially inward from the nerve ring to the buccal sphincter muscle and then

turn backward along the pharynx; they consist simply of nerve-fibers, among

which are interspersed ganglion cells ; thej' innervate the oral disc and the

pharynx, both muscles and epithelia. The arrangement of the bucco-pharyngeal

nerves in the interradii corresponds remarkably to the number of tentacles;

there is in any given interradius one less bucco-pharyngeal nerve than the num-

ber of tentacles ; thus the mid-dorsal interradius has three bucco-pharyngeal

nerves, while one of the ventral interradii has only one. Each radial nerve is

accompanied on its inner side by a tube-like cavity closed at both ends, called

the hyponeural canal. A similar space exists on the outer side of the radial,

on the upper and inner sides of the circumoral, and on the inner side of the ten-

tacle nerves, and these are known as the epineural canals. These canals are

lined, at least on the sides away from the nerves, by a very thin epithelium, and

are believed by Gerould ('96) (and Greeff, '72, and Ilerouard, '89) to be normal

structures, though other investigators believe them to be artefacts.

Body-wall.—The body-wall of the Molpadids is very variable in thickness,

according to the amount of connective tissue it contains. While frequently very

thin and translucent, it is in some species remarkably thick, and in old speci-

mens may measure several millimeters in a cross-section. It consists of five

parts, as in the Synaptida^ : a cutis and a layer of epithelial cells which with the

cutis make up the epidermis ; a layer of connective tissue in which lie the cal-

careous bodies, pigment, etc. ; a layer of transverse muscles ; in the radii the

longitudinal muscles ; and an inner epithelium, which lines the body-cavity.

1. Epidermis.—The cutis is a thin, transparent structureless layer secreted

by the epithelial cells and exhibiting no special peculiarities. The epithelial

cells are of the same three sorts which occur in synaptids, ordinary support-

ing cells, sensory cells, and gland cells. The former are the most abundant and

really make up the epidermis; they are vertically elongated, polygonal cells,

which taper into a point at the inner end, so that they extend into the connect-

ive tissue layer, and thus no sharp line of division between the latter and the

epidermis appears. On the digits of the tentacles these epidermal cells are as

much as 50/* in vertical length, but on the anterior part of the body they

are only 20/*, and posteriorly still less. The sensory and gland cells are

scattered irregularly in the epidermis, but are much more abundant anteriorly

and especially on the tentacles. The former are usually isolated and the inner

end tapers into a fiber connected with a ganglion cell lying in the connective-

tissue layer ; the outer end may taper to a point or not. In the tentacles these

sensory cells are associated in groups, forming the touch-papillae to which refer-

ence has already been made. The gland cells are of the kind known as tubular

and always occur singly.
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2. The connective-tisfiue layer makes up the greater part of the wall, al-

though, as already stated, its thickness varie>s greatly. Apparently it increases

with age. It is thinnest anteriorly, just hehind the tentacles, but becomes

rapidly thicker, reaching its maximum near the middle of the body and becom-

ing thinner again posteriorly. As in the Synaptidip, it is made up of tibrons

prolongations of bipolar or stellate cells, lying embedded in a homogeneous

matrix. As fibers are very abundant, however, while the cells are rather infre-

quent, it is possible that many of the fibers have no cellular connections. Super-

ficially the fibers are more or less entwined among the calcareous bodies, and so

run in all directions; but in the deeper parts of the layer they run more or less

parallel to the body surface. The wandering -cells, which stain readily with

eosin (in Molpadia), but do not take carmine, are scattered in some numbers in

the connective-tissue layer and among the epidermal cells. They consist of a

mass of highly refractive spherules imbedded with a nucleus in a small quantity

of hyaline protoplasm. The shape, as is usual with amoeboid cells, is veiy varia-

ble. There are also pigment -cells in the conective-tissue layer of some Mol-

padids, although they are more commonly wanting. They are more or less irreg-

ular cells, with nmnerous fine branches, and contain a coloring matter, most

commonly purple or brown, but sometimes reddish, orange, or yellowish. They

are often aggregated in certain areas, thus giving rise to spots and blotches of

color. In most cases the pigment is not affected by pure alcohol.

The calcareous deposits of the body-wall occur in the connective tissue and

are only wholly wanting in a few cases. They are most abundant posteriorly,

and are often present near the cloacal opening when they are not to be found

elsewhere. They are formed by special mesenchjTue cells, consist of almost

pure carbonate of lime, and first appear as simple rods or X-shaped particles,

which by continual growth and more or less regular dichotomous branching give

rise to the various kinds of deposits characteristic of the different genera and

species. They exhibit a very great variety of form and are accordingly diffi-

cult to classify, but we may for convenience group them under five heads:

tables, shallow closed cups, perforated plates, fusiform bodies, and anchors.

Commonly only one or two of these kinds occur in a single individual or species,

but some specimens of Molpadia exhibit all but the second. The tables (Plates

XI, figs. 9-11; XII, figs. 23-25, 28, 29; XIII, figs. 15-16) exhibit the greatest

possible variety of form and are often so irregular and grotesque as to be quite

unworthy of their name. In their simplest condition they consist of a I'ing

(forming the disc) from which three or four vertical rods arise, more or less

connected with each other by cross-bars (forming the spire), but in some cases

the ring is itself incomplete and distorted, and there may be only a rudi-

mentary spire. More commonly the disc is a somewhat circular plate with 4-12

perforations, usually symmetrically arranged and bearing a spire made up of
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three or four vertical rods more or less closely united by cross-bars. The
tables are usually rather small, the diameter of the disc ranging from 60 to

300/*; the spire is usually about equal to the diameter of the disc, but may
be much more. In the discs of some of the largest and most perfect tables

there may be as many as 70 perforations. The shallow, closed cups (Plate IX,

figs. 4, 5, 11, 12, 13) are the least common form of deposits, occurring- only in

certain species of Caudina. They consist of a strongly concave plate through

which are four large, symmetrically placed, equal and similar perforations. A
conspicuous cross-shaped piece is so placed in the mouth of this shallow cup

that each arm of the cross is immediately over the middle portion of each per-

foration. The margin of the cup is usually more or less octagonal, and there

are often rounded knobs present at the end of each arm of the cross and half

way between. When fully and normally developed, these bodies are the most

symmetrical and ornamental deposits occurring among the Molpadiid;p, but they

are often only partially developed, or they may be hypertrophied, especially in

the caudal region. The relative thickness of the cross-arms and the margin of

the cup, as compared with the diameter of the perforations, is very variable.

The perfonited plates (Plates IX, figs. 3, 8; X, fig. 4; XII, figs. 2, 5-12,

14) exhibit the greatest diversity in form and appearance; they may be

nearly circular, or more or less triangular or square, or they may have one or

more conspicuous projections (''arms" or "handles"), which may be perforated

like the plate itself, or not. When a single handle is present, we have what are

called "racquet-shaped rods," and these are generally arranged in groups,

called "rosettes," with the large, perforated ends more or less overlying one an-

other at the center. The surface of perforated plates may be provided with stout

thorns or irregular i^rojections, usually sharp, but it is commonly quite smooth.

The perforations may be few and very small or more numerous and larger;

commonly there are from 10-50, but there may be 60 or 70. The size of the plates

is quite variable, but their greatest diameter is commonly from 100-400 /x,

not including any handle. The fusiform bodies or rods (Plate XI, figs. 6-8, 13)

in their tyjoical form are elongated, rounded particles, with more or less at-

tenuated but blunt ends, slightly flattened and enlarged at the middle and with

three or four small perforations in the center of the flattened part. They lie

at right angles to the long axis of the body and are often so abundant as to form

a more or less distinct layer ; they are most likely to be present in the extreme

posterior part of the body. On the one hand they pass into the tables by the

development of a spire, the enlargement of the flattened area, and the disap-

pearance of the attenuate ends (Plate XI, fig. 12), and intermediate particles

in all stages of development are often found. On the other hand they may
become flattened and perforated at the ends, and thus pass by gradual tran-

sitions into the perforated plates ; such intermediate forms are very common.
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The anchors (Plates X, fig. 8; XII, fig. 5) occur only iu the genus Molpadia, in

some species of which they occur throughout life, while in others they are pres-

ent only in youth, and in still others they are apparently never present. They

were formerly supposed to be chai'acteristic of a genus " Ankyi'oderma. " They

differ essentially from the anchors of the Synaptidnp, and their presence has

no bearing whatever on the question of the relationship of that family with the

Molpadiida^. Although in a few species anchors are present in connection with

a single perforated plate, in most species where they occur at all they are asso-

ciated with a rosette of racquet-shaped, perforated plates, the number of which

varies from three to eight in each rosette. The anchors lie at nearly right

angles to the plates, though they are of course capable of movement, and ordi-

narily they stand out evidently from the body-surface. The attached end is

never flattened and branched or serrate, as in the Synaptida?, but is enlarged

and circular in outline and perforated with several holes, the number and ar-

rangement of which is quite variable. The free end of the anchor is provided

with two (rarely three or four) arms, which are coarsely serrate with from two

to six teeth. Commonly the anchors are liroken off by the rough treatment the

animal receives in a dredge or trawl, and the basal parts are then likely to be

mistaken for peculiar cups or tables.

Besides the various sorts of calcareous bodies just described, the con-

nective tissue of Molpadids often contains peculiar spheroidal, ovoidal. or

ellipsoidal l)odies, 10-100 /t, more or less, in diameter, of a character-

istic yellow, brown, or red color (Plate XI, fig. 14). The color varies

greatly in different individuals, but is apparently lightest in youth and

darkest in old age. It first appears as a pale brownish-yellow shade, be-

comes more and more abundant. For many years the chemical nature of these

deposits was unknown and they have commonly been called the "colored

bodies," "red bodies," "wine-red bodies," or "colored calcareous bodies;" but

as there was reason to think they were not calcareous, the latter name has been

little used. These bodies first appear as mere spherical granules, but increase

in size by the continued deposit of similar material in concentric layers, and

this concentric structure is usually obvious. Oftentimes two, or even three, of

these granules become enclosed ultimately iu a common layer, so that the

colored body seems to have been formed around two (or three) centers simul-

taneously. One of the remarkable things about these deposits is that they may
be formed through the change of calcareous particles. (See Plate XII, figs.

10-12.) Various writers (Theel, '86a; Ludwig, '94; Koehler and Vaney, :05,

et al.) have noted the gradual coloring of a calcareous deposit and its ultimate

disappearance into small groups of "colored bodies." There is no doubt that

the number of "colored bodies" increases with the age of the individual, and

there is good reason to believe that in many cases at least such increase is ac-
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companied by a constant decrease in the calcareous bodies. (See antea, p. 19.)

In young specimens the colored bodies, even if not wholly wanting, are often so

small and few that they cannot be seen without magnification ; but as the animal

grows they become more numerous, are collected together in groups and

patches, and appear to the unaided eye as spots or blotches of various shades.

In still older specimens these blotches tend to merge together, and gradually

the entire body-surface may become a uniform deep purplish red, red brown, or

even almost black. If calcareous deposits still persist, they will be found

normally outside the deeper-lying "colored bodies." In 1901 Mr. W. L. Sperry,

then of Olivet College, kindly undertook for me a chemical examination of these

colored bodies, making use of specimens of M. oolitica, intermedia, and

DiKsculus. Just after he had gone far enough to prove that the chemical ele-

ments involved were chiefly phosphoric acid and iron, Morner's (:02) paper

ai)i)eared with an account of his similar investigations. Mr. Sperry continued

his work far enough to confirm Morner's analyses; so that the composition of

these remarkable "colored bodies" may be considered as settled. Morner gives

the result of his analysis as FeP03+4 H,0=66.2, Fe(OH),=20.2 and CaC03=
6.4. Mr. Sperry's analysis differed from this only in a few details, the most

interesting of which was the probable presence of Mg. There is also reason

to believe that the amount of CaCOa is subject to much variation; probably

when calcareous particles are first transformed into the colored bodies, CaCOj

is the most important substance present, and as the color deepens, it decreases

rapidly in amount. Apparently the calcium as well as the CO2 is excreted as

these changes take place. In view of their remarkable composition, we are justi-

fied in referring to the "colored bodies" as "PHOsPHATic DEPOSITS," iu distinc-

tion from the "calcareous deposits" so characteristic of holothurians. The

presence of phosphatic deposits is limited among Echinoderms, so far as is

now known, to about 20 species of Molpadids, all but two of which belong to

the genus Molpadia. The "round" spicules with a "radiate" appearance, de-

scribed and figured by Danielssen and Keren ('82) in connection with their ac-

count of Trocliostoma thomsonii, have not been met with by other investigators,

and Theel ('86a) is doubtless correct in considering them as artifacts.

3. The transverse muscles lie just beneath or within the connective-tissue

layer, and, unlike the arrangement in the Syuaptida>, are confined for the most

part to the interradial areas. The fibers are inserted in the connective tissue a

little to the side of each radius, and may be so few that when the animal is ex-

tended they do not form a continuous layer. Just behind the tentacles they are

more numerous, and are continuous across the radii, thus forming a circular

muscle which serves as a sort of anterior si)hincter when the tentacles and oral

disc are retracted. In Caudina and Aphelodactyla, and probably in all J\Iol-

padids where the connective-tissue layer is sufficiently thick, there run out into
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that layer, from the transverse muscles, irregularly scattered tubules made up of

muscle fibers arranged in the form of a hollow cylinder. While it is not impos-

sible that these are the last vestiges of the ambulacral vessels, such a view

seems very doubtful, as the tubules are never connected with the radial water-

vessels, but always with the transverse muscle. Gerould ('96) thinks that they

serve to support the transverse muscles and to unite more firmly the various

parts of the integument. Semper ('68) mistook them for rudimentary ambula-

cral vessels, and Danielssen and Koren ('82) and Sluiter ('80) have apparently

fallen into a similar error; yet it should be added that Gerould failed to find

similar tubules in the skin of either Molpodia antarctica or Ankyroderma jef-

freysii {M. oolifica jnv. ?) ; both of these species, however, have a very thin

skin.

4. The radial longitudinal muscles are arranged in jiairs in most of the

Molpadiidae, but in Eupyrgus and Himasthlephora they form a sitigle band, as

in the Synaptid;e. (See Plates XII, fig. 27, and XIIT. fig. 4.) They lie on each

side of the radial water-vessel, but anteriorly the interradial edges of each pair

of muscles curve inward until they meet, while the adradial edges also merge

together just beneath or inside the radial vessel, and thus the two muscles form

a single hollow tube, which loses its lumen where it is attached to the radial

plate of the calcareous ring. This single muscle band may be of considerable

length and more or less laterally compressed ; the connection between the edge at-

tached to the body-wall and the edge extending into the body-cavity may be re-

duced to a mere sheet of connective tissue (see Perrier, :04fl and :05) or may even

be severed entirely. As the inner portion is connected with the calcareous ring,

we should have in the latter case what have been called retractor muscles. But

the formation of such retractors appears to be a very uncommon, if not an al-

together exceptional, event, possibly only occurring in certain individuals, per-

haps very old ones, and the presence or absence of such retractors cannot be

considered as having any value in taxonomy. Moreover, when strongly con-

tracted the ordinary longitudinal muscles may appear as though they were

special retractors, and in such cases the presence or absence of "retractor

muscles" becomes a matter of personal opinion of the investigator. Posteri-

orly the muscles of each radial pair become semicylindrical trunks which may
simply lie side by side or actually coalesce. They finally terminate in the con-

nective tissue about the cloacal opening.

5. The inner epithelium is the innermost layer of the body-wall, and con-

sists of flat, polygonal cells, which are everywhere provided with cilia.

BoDY-CAViTY.—The body-cavity of the Molpadiidae is very capacious and

shows no particular peculiarities. In those forms which have a caudal append-

age the body-cavity within that appendage is generally reduced, and is nearly

filled up by the strands of muscular and connective tissue connecting the ali-
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mentary canal and the body-wall. So far as known, the body-cavity is never in

normal communication with the outside, but it is connected through the madre-

pore body and stone-canal with the water-vascular system, and the fluid with

which it is filled is probably not essentially different from that in the water-

vessels.

Calcareous ring.—The calcareous ring in the Molpadiidse is as a rule very

well developed and in the great majority of cases is remarkably wide, the radial

pieces (except in Eupyrgus (Plate XTI, fig. 19), Himasthlephora (Plate XIII,

fig. 2) and Gephyrothuria) being provided with conspicuous Infurcate pos-

terior prolongations (Plate XII, fig. 3). So far as known, there are always five

radial and five interradial pieces which make up the ring, the latter being much

the smaller. The supposed exceptions in "Embolus pauper" and "Liosoma

arenicola" are obviously based on mutilated or imperfect specimens, or else on

hasty or careless examination. There is usually no appreciable asjTnmetry in

the ring, though occasionally the ventral half is somewhat better developed than

the dorsal. The interradial pieces are much smaller than the radial, are sym-

metrical, slightly concave behind, and have a single median point in front; on

each side of this point the plate is a little flattened or hollowed for the reception

of a tentacle ampulla or the attachment of the basal part of the tentacle canal.

The radial pieces are perfectly symmetrical only in Cera])lectana (Plate XIII,

fig. 7), where each ha& a single anterior median point to which the longitudinal

muscle is attached; no tentacles are associated with the radial pieces in this

genus. In all the other genera the radial pieces are much broader than the

interradial and are i)rovided with two anterior projections, which, however, are

not just alike. One is broader than the other and serves for the attachment of

the longitudinal muscle (Plate IX, fig. 2) ; it is sometimes perforated for the

passage of the radial nerve (?). The lateral radial pieces of both sides are so

placed that the attachment of the muscle is on the lower or ventral projection,

while a tentacle ampulla or the base of a tentacle canal lies just dorsal to it.

The ventral radial piece has the muscle attached sometimes to the right, some-

times to the left projection, but the tentacle canal is always between the pro-

jections. No cartilaginous ring, posterior to the calcareous one, ever occurs in

the Molpadiidae.

Water-vascular system.—The circular canal lies just posterior to the cal-

careous ring, with which it is often more or less united by strands of connect-

ive tissue. Its lumen is a millimeter, more or less, in diameter, while its wall is

exceedingly thin. The wall consists of an epithelial layer of ciliated cells, con-

tinuous with that elsewhere in the body-cavity; a layer of connective tissue con-

sisting chiefly of fibers running parallel to the direction of the canal and con-

taining numerous wandering cells ; a thin, structureless membrane ; a layer of

muscle fibers which run around the canal (at right angles to its direction) and
10
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are thus truly "circular" muscles, and an internal epithelium of flat, ciliated

cells. From the circular canal arise five radial and two interradial tubes; the

former become the "radial canals" of the body-wall and give rise to the ten-

tacle canals, while the latter are the stone-canal and polian vessel. The stone-

canal is always single and unbranched in the Molpadiida^; it leaves the circular

canal in the median dorsal interradius and lies between the two layers of the

dorsal mesentery; it is an irregular, twisted tube, proportionately small, running

forward and upward, to terminate within the body-cavity in a whitish madre-

pore plate or body. This madreporite is flattened on one side and more or less

convex on the other ; it contains a central cavity which is directly continuous with

the lumen of the stone-canal and opens into the body-cavity through numerous

pore-canals, which may be more or less branched. According to Danielssen

and Koren ('82), in Molpadia the madreporite is not at the end of the stone-

canal, but the latter terminates in the body-wall beyond it. The stone-canal

and madreporite consist of connective tissue covered externally with the flat, cil-

iated epithelium of the body-cavity and lined internally with a layer of still

more conspicuously ciliated cells. In the stone-canal these latter cells are low

and cubical on the side next the mesentery, but become much higher on the op-

posite side ; the cilia which they carry are about equal to the height of the cell.

According to Danielssen and Koren, the stone-canal of Molpadia Contains abun-

dant calcareous deposits, but in Caudina arenata these are wholly wanting.

The madreporite, however, always consists chiefly of closely interlocked, irreg-

ularly branching, calcareous bodies. The polian vessel, like the stone-canal, is

always single and unbranched in the Molpadiidng ; it leaves the circular canal in

the left ventral interradius. It varies considerably in size, but is always rela-

tively small. The histological structure is similar to that of the circular canal,

only the layer of circular muscle fibers is much thicker. The radial canals are

largest where they leave the circular canal, and become rapidly smaller by giv-

ing off three branches, from which the tentacle canals are formed. Each radial

canal runs forward on the inner or axial side of a radial piece of the calcareous

ring, just anterior to which it gives ofT the tentacle canals, either one on each

side at the same level, and then the third one further up, or all three at different

levels; then it bends backward along the inner or axial side of the hyponeural

canal and runs to the extreme posterior tip of the body, where it terminates

in one, three, or more rudimentary ambulacral aj^pendages. In its histological

structure the radial canal differs from the circular canal chiefly in the absence

of any circular muscles; the external covering of a ciliated epithelium is also

lacking after it turns backward in the body-wall, save as it is indirectly cov-

ered on its inner side by the lining of the body-cavity. On the side of the radial

vessel next to the hyponeural canal there are present some longitudinal muscle

fibers between the connective tissue and the epithelium lining the radial canal,
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and a few of these may accompany the vessel nearly to the circular canal, in

which region they would of course lie on the inner or axial side. The tentacle

canals are not peculiar histologically (see p. 137), but are provided with valves

consisting of connective tissue and radial muscle fibers covered with epithelial

cells on both sides. These valves are situated with the concave side toward the

tentacle, and thus prevent the passage of fluid from the tentacle canals. Gerould

('96, p. 47) says the valve is in the "radial canal near its junction with a ten-

tacular vessel," which might mean that there is one valve or that there are

three valves in each radial canal; but in his explanation of Plate VI, fig. 77, he

says the section is through "a tentacular canal * * * showing the valve of

the tentacle," which indicates that there are 15 of these valves, as we would ex-

pect, placed one in each tentacle canal. In most Molpadids each tentacle canal

not only runs forward with the tentacle, but extends backward on to the outside

of the calcareous ring to which it is closely attached (see Plates X, fig. 1; XI,

fig. 3). Commonly this backward extension is prolonged considerably past the

posterior margin of the ring and hangs free in the body-cavity as a " tentacle-

ampulla." These ampuUne are not histologically peculiar, save that the longi-

tudinal muscles of the tentacles extend backward only into the outer anterior

wall. The occurrence of well-marked ambulacral appendages is confined to the

genera Himasthlephora (Plate XIIT, fig. 1) and Gephyrothuria, where each of the

two dorsal radial vessels gives rise to a very few (2-5) ambulacral canals, which

are provided with ampulhe (Plate XIII, figs. 3, 4) and connect with the remark-

able lash-like papillfe characteristic of those two genera. In Gephyrothuria and

all other Molpadids the radial canals run backward to the cloacal opening,

where they terminate in "anal papillfe." These papillae are often very insignifi-

cant, but may be very distinct ; their walls generally contain an umisual num-

ber of calcareous bodies, but may be wholly free from them. Their presence or

apparent absence in preserved specimens is dependent not only on the amount

of contraction, but on individual diversity and possibly to some extent on age.

Although commonly single, the anal papill;F may be accompanied by two, or

even more, somewhat smaller lateral ambulacral vessels, so that there is a

small group of papilli^ at the end of each radius, and even when the anal papilla?

are very small and apparently single, a pair of lateral vessels may be present be-

neath the skin, as Gerould has shown to be the case in Caudina arenata. In his-

tological structure these vessels and the anal papillae are similar to the pedicels

of other holothurians ; the wall consists of a thin, connective-tissue membrane,

a layer of longitudinal muscles and a lining epithelium; the anal papillfe have

an outside layer of connective tissue containing blood sinuses and often cal-

careous liodies and are covered with the ordinary pody-wall epithelium. In

Himasthlephora the group of pedicel-like outgrowths are at the base of the

caudal appendage, and rudimentary pedicel-like bodies also occur at the an-
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terior end of the body, 1)nt apparently none of these are now in connection with

the radial canals. The fluid contained in the water-vascular system is prob-

ably not essentially different from that in the body-cavity, since there is con-

stant communication possible through the madreporite, but there are a much

larger number of corpuscles and wandering cells in the contents of the water-

vascular system. The corpuscles are yellowish when seen singly, but in mass

appear to be red. The lumen of the polian vessel is sometimes nearly filled

with dark-brown, apparently dead, wandering cells.

Alimentary canal (Plate X, fig. 1).—The mouth is a circular opening in the

center of the oral disc at the anterior end of the body and is connected with the

stomach by a straight, rather short tube, which is commonly called the phariinx,

although it corresponds to the esophagus of the Synaptid^^ and is not specially

modified in any way. The stomach is simply a slight enlargement of the ali-

mentary canal and is relatively short (say one-tenth of the total length). It

opens posteriorly into the small intestine, which extends backward only a short

distance and then bends abruptly forward for a greater or less distance, finally

turning backward, ventral to the other viscera, as a large intestine, which runs

to the |iosterior tip of the body. The hinder part of the large intestine is rather

abru]itly enlarged whei'e it receives the resjiiratory trees and forms the cloaca,

the length of which is closely associated with the development of the caudal ap-

pendage. The various sections of the canal as here given are not, as a rule,

sharply set off from each other, although, according to Gerould, they can be

easily distinguished in living or freshly killed sjiecimens of Caudina. They all

have a very similar histological structure, consisting of an outer epithelium

continuous with that of the body-cavity, a thin layer of connective tissue, a

muscular layer, a thick layer of connective tissue, and a lining epithelium. The

relative development of these layers differs in the different parts of the canal.

The pharynx when relaxed is somewhat larger at the mouth thaTi where it joins

the stomach, but may be wholly closed anteriorly by the well-developed sphincter

muscle, composed of circular muscle fibers which gradually thin out on the oral

disc. Posteriorly, the muscle layer of the ]iharynx contains longitudinal fibers

within the circular series; the epithelial lining of the pharynx contains many
gland cells, is covered by a delicate cuticle, and is thrown into longitudinal folds.

The pharynx is held in i)osition by 10 longitudinal series of connective-tissue

strands containing muscle fibers; these unite it with the inner surface of the

calcareous ring, and are called suspensors by Gerould. In the wall of the

stomach the longitudinal muscle layer is very well developed, as is the circular

series, while the lining epithelium, consisting of high columnar and gland cells,

is covered with a delicate cuticle.

In the small intestine the longitudinal muscle layer is practically wanting,

while the lining epithelium is remarkable for the absence of gland cells and
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cuticle. In the large intestine the epithelial lining is much the same, as it is

also in the cloaca, but in the latter the longitudinal muscle layer is functionally

replaced by about 20 isolated, irregularly arranged, small longitudinal muscles

lying outside the circular layer. The numerous strands connecting the cloaca

with the body-wall are similar in structure to the suspensors of the pharynx

already referred to. In Eupyrgus the walls of the cloaca are strengthened by

five large calcareous plates lying in the interradii (Plate XII, figs. 18, 26), while

in Aphelodactyla the cloacal wall contains irregularly branched calcareous jjar-

ticles (Plate X, fig. 6). Throughout the alimentary canal, wandering cells

in various forms (perhaps stages of develoj)ment) are abundant, particularly

in the internal epithelial layer. The mesentery which supports the alimentary

canal consists of a very thin sheet of connective tissue containing isolated

muscle fibers running in various directions and covered on both sides by the

epithelium of the body-cavity. That part which supports the pharynx, stomach,

and first part of the small intestine is attached to the body-wall on the right side

of the dorsal interradius ; the part which supports the forward-running section

of the small intestine passes over into the left dorsal interradius, close beside

the left dorsal radial muscle; when the large intestine bends backward, the

mesentery bends sharply to the left and crosses into the rifiht ventral inter-

radius, where sooner or later it terminates. In Caudina arenata it only gives

attachment to the large intestine for a short distance, but the latter is supported

by "two sheets of separate muscular strands," arising in the posterior part of

the right and left dorsal interradii, close to the right and left ventral radial

muscles.

Respiratory trees (Plates X, fig. 1; XII, fig. 26).—The respiratory trees

consist of two branches, the right and left, which either arise separately from the

enlarged part of the cloaca or have a common opening into that organ; in the

latter case there may be quite a distinct common trunk of greater or less length.

The right branch consists of a single main tube, with more or less numerous

and conspicuous lateral out-growths, and may run forward clear to the calcareous

ring. The left branch, when fully developed, consists of two main tubes, one of

which is associated with the large intestine, and may be called ventral, while

the other lies in close connection with the blood plexus of the small intestine, and

may be called dorsal. Although the right branch is commonly larger than either

the left dorsal or left ventral alone, the left branch as a whole has a much

greater capacity than the right. In Eupyrgus (Plate XII, fig. 26), however, the

left branch is undivided and only equals the right in size, both being quite rudi-

mentary, and a similar condition exists in Gephyrothuria and Himasthlephora.

The histological structure of the respiratory trees is strikingly like that of the

intestine. The outermost layer is a thin epithelium of very flat, irregularly

polygonal, ciliated cells, followed by a thin layer of connective tissue. Then
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comes a muscle layer, the fibers of which run in all directions parallel to the

surface, but the iuuermost are circular and are more numerous than the outer

oblique and longitudinal iibers ; then follows a thick connective tissue layer, and

lastly an inner epithelium. Presumably the less developed the trees are, the

less well developed will the muscle layer be. There are no openings by which

the trees can communicate with the body-cavity, but all the branches end

blindly.

Cuviek's organs (Plate X, fig. 10).—The occurrence of these organs in the

Molpadiidae is still open to considerable doubt. They have only been reported

in a few specimens of Gaudina from Chile, and no account of their finer struc-

ture has yet appeared. They are said to consist of a small tuft of spherical

bodies of a brown color, somewhat like a bunch of grapes in form, attached to

the cloaca near the base of the respiratory trees. That these organs are homol-

ogous with the true Cuvier's organs of other holothurians is by no means sure.

Blood system.—The arrangement of the hmnal lacuna' is very similar to

what it is in the Synaptidse, but has been studied carefully only in Caudina

arenata. In this species Gerould ('96) recognizes four parts to the system:

circular lacuna?, intestinal lacunae, lacuUcB of the reproductive organs, and tentac-

ular and radial lacuna^. "The circular lacuna^ which form the center of the

system, occupy the connective tissue of the wall of the stomach immediately be-

hind the circular canal of the water-vascular system. '

' They occur in the numer-

ous out-growths of the outer layer of connective tissue of the stomach. The

ring is therefore diffuse and ill-defined. The intestinal vessels occur, one on the

dorsal, the other on the ventral side of the alimentary canal. Gerould does not

say whether they are connected with the circular lacunae or not, but as he says

they contain numerous blood-corpuscles, while other parts of the system do not,

it would appear that there is no direct connection. No statement is made either

as to connection between dorsal and ventral vessels, but presumably they are

connected by lacunae in the intestinal wall. The ventral vessel on the stomach

and first part of small intestine is connected by several cross-branches with

that of the second section of the intestine, while at the anterior bend of the in-

testine the two parts of the ventral vessel are connected by a delicate sheet of

anastomosing vessels. "The two parts of the dorsal intestinal vessel are like-

wise connected by anastomosing cross-vessels." The lacuniD of the reproduc-

tive organs run longitudinally in the connective tissue of the wall ; no statement

is made as to their connections. The radial and tentacular vessels arise from

the circular lacunae on the inner or axial side of the tentacle canals and run out-

ward into the tentacles; the main vessel bends backward with the radial canal

and runs clear to the cloacal opening, lying between the radial water-vascular

and hyponeural canals; at the extreme posterior end of the body a circular

lacuna surrounds the cloacal opening and unites the radial vessels. None of the
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lacuna? or vessels has any epithelial lining or any other indication of definite

walls, save that the intestinal vessels have the superficial appearance of true

vessels; the interior, however, is "filled with loose strands and cells of con-

nective tissue." The fluid within the system is a colorless plasma with occa-

sionally wandering cells, and in the intestinal vessels numerous blood-corpuscles

which give the vessels in the living animal a pinkish color.

Repboducttve system.—The reproductive organs of the MolpadiidiB consist

of the same parts which occur in other holothurians

—

i. e., a genital duct and

tufts of genital tubules. The duct opens to the exterior in the mid-dorsal inter-

radius just back (1-5 mm.) of the tentacles, and the outlet is often indicated by

a more or less prominent genital papilla, of a somewhat conical shape and some-

times as much as 2-3 mm. in length. The duct runs downward from the tip

of this papilla into the dorsal mesentery, and then backward for some little dis-

tance (5-25 mm.) to the point where it divides, and terminates in tufts of geni-

tal tubules hanging free in the body-cavity, one on each side of the mesentery

(Plate XI, fig. 3). The wall of the duct consists chiefly of connective tissue,

lying in which are the longitudinal muscle fibers and wandering cells; outside

is the usual flattened peritoneal epithelium, while the interior of the tube is

lined with a strongly ciliated, columnar epithelium. In Caiidina arenata (ac-

cording to Gerould, '96) this inner epithelium is composed of elongated,

spindle-shaped collar-cells, the flagella of which are conspicuously long. At the

outer end of the duct is a small sphincter muscle of a few circular fibers, while

at the opposite end, where the duct divides, a circular muscle layer outside the

connective-tissue layer is present in each branch. The genital duct of the male

is usually much smaller near the outer end than posteriorly, where there is

sometimes a spindle-shaped enlargement. The genital tubules make up a tuft

of 6-8 or more on each side of the mesentery, the number of tubules probably

increasing with age. The tuft of the left side is sometimes the larger. The

tubules may be very short (5-10 mm.) or long, at times reaching clear to the

posterior end of the body-cavity ; they may be simple and undivided or dichoto-

mously branched. Their wall is made up of the usual peritoneal epithelium, a

thin layer of circular muscle fibers, a layer of connective tissue, in which are

conspicuous blood lacuna?, and an inner gei'minal epithelium, which is not uni-

form and continuous throughout, but scattered in more or less irregular masses.

As the sexes are always separate in the Molpadiids, the product of this epithe-

lium will be either eggs or spermatozoa, as the case may be. In Caudina

arenata the sexes can be distinguished by the color of the tubules, which, how-

ever, is due to their contents and not to any pigment. In the mature male the

tubules are light yellow, while in the female they are pale brown.
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Embryology.

Nothing whatever is known of the embryology of the Molpadiidne, save that

Gerould ('96) has studied the oogenesis (and to some extent the spermato-

genesis) of Caudina arenata. The mature ovum is about 200 /^ in diameter,

and has a conspicuous and ])eculiar micropyle. The mature spermatozoan is

about ()() iJ- long, with the head about '.].6 /^ in diameter.

PhY'SIOLOGY'.

Almost nothing is yet known of the vital activities of the Molpadiidfp, for

few zoologists have ever had the opportunity of carrying on extended observa-

tions on living specimens. Sluiter ( '88) has kept specimens of Aphelodactyla

punctata alive in aquaria, and Gerould ('9G) has had similar success with Cam-

dhta areiiafa, but neither has published any extensive account of the physiology

or habits of these species.

Motion.—The movements of the Molpadiida^ are accomplished by muscular

contraction, aided by the fluids in the tentacles and body-cavity. It is possible

that in some cases (such as in young Molpadise) the calcareous particles may

assist; l)ut certainly, in many cases, the deposits of the body-wall jilay no part.

Movement forward is possible only when the animal is buried in the sand or

mud. If placed on the surface, the first movements are downward, and continue

until the animal is buried. The movement, either downward or forward, is

accomplished partly by swallowing the sand or mud immediately in front of

the oral disc, but chiefly by backward and forward radial movements of the

tentacles ; these movements are effected by the alternate contraction of the

longitudinal muscles of their outer and inner sides. The contractions of the

muscles of the body-wall do not appear to play any important part in progressive

movements, but are actively concerned in respiration {q. v.). The rate of pro-

gressive movement is exceedingly slow, perhaps averaging about 1 mm. per

minute.

Digestion and absorption.—The food passing into the stomach doubtless

undergoes the first stages of digestion there; but, if we may infer anything

from the distribution of the blood-vessels, the chief activity of the alimentary

canal is in the small intestine. In that region and the first part of the large

intestine probably all the absorption occurs, but nothing is really known as to

the physiology of the digestive system.

Circulation and nutrition.—Here again we have to infer from structure,

for we know nothing definitely. The extensive haemal system would seem to

indicate that the absorbed food material is transported by it to all parts of the

body, but there is obviously no true circulation of the fluid, the plasma simply

moving outward into the tissues, bearing the essential food. The indigestible
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material finally passes into the cloaca and is thence washed out by the currents

of water from the respiratory trees.

Respiration.—According to the observations of Gerould ('96), the tenta-

cles seem to play an important part in obtaining the all-essential oxygen for the

use of the body. The fluid contained in the water-vascular system contains

numerous colored corpuscles which appear to react toward oxygen like true

blood-corpuscles, and there is a continuous circulation of the fluid, at least in

the tentacles. The flow is forward on the inner side to the tip of the terminal

pair of digits, and then back and outward to the tip of the other pair; then

backward into the ampulla. "When aeration becomes poor, the tentacles and

buccal region become distended with the water-vascular fluids and the posterior

part of the body becomes pale and contracted." Elsewhere (page 10) Ger-

ould says: "The color, which depends upon the state of aeration of the blood,

varies from pink to a purplish hue." Apparently the word "blood" is used

here to include all the fluids of the body which contain blood-corpuscles (water-

vascular, body-cavity, and ha?mal). But respiration is also greatly facilitated

by the so-called respiratory trees, and it is probably chiefly from these that the

body-cavity and hannal fluids get their oxygen. Indeed, when we consider the

habit of most Molpadids of lying buried in mud and sand, with only the tip of

the tail above the surface, it seems probable that the tentacles play an impor-

tant part in respiration only under unusual conditions. Both Sluiter ('88) and

Gerould ('96) are agreed that water is forced out of the respiratory trees and

drawn into them through the cloaeal opening "by the alternate contraction and

relaxation of these organs and of the wall of the body. The latter, by reason of

its natural rigidity, resumes its normal shape when its circular muscles are re-

laxed, and so increases the capacity of the body-cavity, thus bringing about an

influx of water. These movements are accompanied by the correlated opening

and closing of the cloaeal opening through the alternating contractions of the

radial and sphincter muscles." Sluiter says that in Aphelodactyla there were

two or three respiratory movements per minute, and Gerould found that in Cau-

dina the same is true; he says further that the cloaeal opening was "generally

kept open 18-20 seconds, and then closed for 13-17 seconds," and that while

there is some irregularity in the length of the periods, that "of dilation always

slightly exceeds that of closure." Aside from the fact that such regular

respiratory movements would not be likely to occur if the function of the

"trees" was purely excretory, the intimate relation between that organ and

the intestinal haemal vessels, which contain numerous blood-corpuscles, would

lead us to believe that the bringing in of oxygen was one of its important func-

tions. Very possibly oxygen may also be obtained through the skin by cor-

])uscles in the radial water vascular canals and particularly near their posterior

termination.
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ExcEETiON.—That the respiratory trees function to some extent as excretory

organs seems very probable, not only because they are the most obvious organs

to which such a fiuietion could be assigned, but because the same organs in

pedate holothurians are known to play that part. Excreta is probably gathered

not only from the fluid of the body-cavity, but from the haemal system also.

The presence of wandering cells in large numbers throughout the body is evi-

dence that excretion by means of those peculiar cells is continually going on.

"Whether the change of calcareous deposits into phosphatic bodies is associated

with excretion is still to be demonstrated.

Sensation.—Aside from the sense of touch, Molpadids are not known to

possess any capacity for sensation. No observations have been recorded that

show reaction to any other than mechanical stimuli, except Sluiter's ('88) state-

ment that Aphelodactyla shows its oral end above the mud only at night. If

this is really the case, it might indicate a reaction to light, which would be very

interesting, as no light-detecting organs are known to occur in the family. It

is probable that the tentacles and the cloacal papilla^ are the most important

seats of the tactile sense.

Regeneration.—No observations have l^een recorded as to the possibility of

regeneration among the Molpadiid^T.

Reproduction.—The method of reproduction is exclusively sexual and the

sexes are always separate. No viviparous species are known nor any which

care for the young in any way. Nothing whatever is known as to the extrusion,

fertilization, or segmentation of the eggs, nor as to the time, place, and condi-

tions of breeding. In Caudina arenata, Gerould ( '96) found that the spermato-

zoa were mature and extruded in February. March, and April, but he failed to

secure mature ova.

Ecology.

The Molpadiida; are all marine animals and have a bathymetrical range

from a little below low-water mark to at least 3,900 m. The great majority,

however, occur only at depths of more than 100 m., and consequently

little is known of their habits. Although occurring in all parts of the

world, they seem to be most abundant in the Indo-Pacific region, while com-

paratively few are known from the tropical and subtropical Atlantic. They

are common in both the Arctic and Antarctic oceans, though the number of

species in those regions is not large. So far as is known, the Molpadids show

great similarity of habitat and habits and are found ouly on soft sandy or, more

commonly, muddy bottoms. Here they lead an almost exclusively subterranean

life, only disturbed by the rare appearance of a dredge or trawl, or the occa-

sional intrusion of some fish in search of a meal. Those which live in shallow

water near shore are occasionally distui-bed by heavy gales, which ultimately

succeed in digging them out and washing them up on shore; probably four-
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fifths of the specimens of Caudina arenata ^yhich have been collected have been

the victims of such gales. The food of the Molpadids seems to be exclusively

the organic matter which they digest out of the sand and mud which passes into

tlie mouth with every forward movement. Whether this mud is sucked in or

l)ushed in by the tentacles is not known. Apparently the Molpadids are the

least active of all holothurians, and it would seem to be the case that they

often lie unmoved for hours, if not days, at a time. Sluiter ( '88) says that his

specimens of Aphelodactyla in captivity were more active at night than during

the day, as they then showed the oral disc and tentacles above the mud; it is

probable, however, that this change of position was due to the condition of the

water (amount of oxygen, etc.) rather than to absence of light. The shallow-

water species of Caudina and Aphelodactyla seem to thrive well in aquaria, with

proper care, and it is to be hoped that we may soon have more information in

regard to their habits and physiology. The Molpadids are often eaten by bot-

tom-feeding fishes, but are not known to have other enemies. No parasites

have yet been described of which they are hosts. The Molpadiida^ are of no

value whatever to man in any direct way, though as an article of food for fishes

they may play a slight part in benefiting him. Nothing whatever is known of

their geological history.

Taxology.

The classification of the Molpadiida^ herein adopted and the reasons there-

for are fully discussed on pages 17-21, and the principles which have governed

the acceptance or the rejection of species are essentially the same as those

which were used in connection with the Synaptida?. (See antea, pp. 68-70.) Here

as there, the form and distribution of the calcareous particles is the most im-

portant character for distinguishing species, but in the Molpadiidae the phos-

phatic deposits are also to be taken into account. Color, size, and body-form

are usable characters in some cases, and the texture of the body-wall is also of

importance at times. Of characters for distinguishing genera the number and

form of the tentacles and digits, the presence or absence of ampulhB and pos-

terior projections on the radial pieces of the calcareous ring, and the presence

or absence of a caudal appendage are the best; but size and the development

of phosphatic deposits are sometimes to be considered. Most of the genera

here recognized are quite distinct groups, but it must be acknowledged that

Caudina and Molpadia intergrade, while it is extremely likely that Himasthle-

phora is a synonym of Gephyrothuria. The situation among the species is much

worse, for both Molpadia and Caudina contain badly confused species and

groups of species and Aphelodactyla is little better off. It is sincerely hoped,

however, that the attempt here made to bring some kind of order out of this

chaos may prove a useful foundation for the future work, which shall satis-

factorily solve all of the perplexing riddles which the taxology of this family

presents.
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Key to the Geneea of MolpadiidzE.

A.—Body surface witli no appendages whatever; skin iisnalh' with either calcareous or phos-

phatic deposits, or both ; calcareous ring usually with posterior prolongations ; teutacles

usually with ampulls.

i\—Tentacles 15, soft.

C'.—Tentacles with 3-7 digits.

I>.—Posterior end of body tapering, usually with a more or less conspicuous

caudal appendage; calcareous particles various.

Tentacles with 3-7 short, blunt digits, counting the distinct terminal

portion (plate xi, fig. 1) ; caudal appendage (plate xiii, fig. 14)

usually less (sometimes more) than one-third of total length, some-

times not distinctly set off from body, which generally' has colored

phosphatic deposits in skin Molpadia

Tentacles with 2 pairs of rather long, pointed digits (plate x, fig. 2) ;

terminal digit practically wanting; caudal appendage (plate ix, figs.

1, 6, and 9) one-third or more of total length, usually abruptly dis-

tinct from body, which very rarely has colored phosphatic deposits

in skin Caudina

DP.—Posterior end of body blunt and rounded, without a trace of a caudal ap-

pendage ; calcareous particles, thick plates with a few sharp projections

and small perforations Acaudina

CC.—Tentacles simple, without digits (plate xii. fig. 23).

Tentacles without ampullfe ; radial pieces of calcareous ring, without posterior

prolongations ; size very small, under 25 mm Eupyrgus

Tentacles with ampulla; ; radial pieces of calcareous ring with posterior pro-

longations; size large, 40-200 mm Aphelodactyla

BB.—Tentacles 10, horny and undivided (plate xiii, fig. 6) Cer.vplectana

AA.—Body surface with a few whiplash-like appendages in mid-dorsal interambulacrum : no

calcareous or phosphatic deposits ; calcareous ring with no posterior prolongations ; ten-

tacles without ampulla?.

Caudal appendage long and slender; tentacles with 4 digits Himasthlephora

No caudal appendage (or perhaps a rudimentary one) ; tentacles with only 2 digits.

Gephyrothdria

MOLPADIA Cuvier, 1817.

naplodadyla Grube, 1840 (non Semper).

Liosoma Stimpson, 1857 (non Brandt).

Embolus Selenka, 1867.

Trochostoma Danielssen and Koren, 1877.

Ankyroderma Danielssen and Koren, 1879.

Tentacles 15, with one, sometimes two, rarely three, pairs of digits and a

terminal digit which is commonly the largest of all. Body rather stout,

usually with a distinct but short caudal portion, which is generally much less

than one-third of the total length. Radial ]neces of calcareous ring with con-

spicuous bifurcate posterior prolongations. Calcareous deposits in the form of

tables, often very imperfect; perforated plates, and more or less fusiform rods.

In many cases anchors are also present in connection with either a single irreg-

ular plate or a gi'oup of 2-8 plates, which are often racquet-shaped and form
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a rosette from which the anchor rises. Phosphatic deposits of a yellow, brown,

or deep-red color are very commonly present.

This large and widespread genus is most unsatisfactorily known and we
are only just beginning to realize the difficulty of distinguishing real specific

limits within it. Of the 27 species here listed only seven are known from any

considerable number of specimens, while of the remaining 20, six are known

from only a single specimen each, and eight others from fewer than live speci-

mens. Some will probably prove to be forms (perhaps different ages) of a

single species, while in other cases, such as miisculus, there are probably several

distinct species included under one name. There is room for wide difference

of opinion as to the validity of many species here admitted, and of many of the

combinations of species, previously held to be distinct, here made. There can

be little question, however, that, in some of the sjiecies at least, the presence of

anchors is associated with immaturity and that with increasing age there is a

gradual transformation of the calcareous deposits, beginning with the anchors

and rosettes, into the peculiar, colored, phosphatic bodies. Of the significance

of this change we know nothing. (For a full discussion of the evidence, see

antea, p. 18). The species of Molpadia occur only in deep water and on muddy
or fine sand bottoms. The bathymetrical range is from 35 to 3,900 m., but

they rarely occur in less than 200 and not commonly in more than 2,000 m. Ap-

parentlj- cold water and a soft bottom are essential to them. It would be well

if we could leave out of account in the following key all reference to the an-

chors and their plates, l)ut in the present state of our knowledge that cannot be

done. They have, however, been ignored as far as possible. I have been un-

able to find any descriptions in any of Verrill's publications of three species

attributed to him, namely, Trochostoma ahyssicola, Trochostoma ayresii, and

Ankijroderma limicola. They seem to be "nomiua nuda" and are consequently

ignored. I am unable to identify Cuvier's type species (holothurioides) with

any of the species known today, but I have very little doubt that the specimen

was an example of viusculus. As there in room for doubt, however, it seems to

me unwise to attempt to replace the universally used name by the earlier one.

On the other hand, I cannot include Cuvier's species in my key or other-

wise, for from a modern point of view it has no distinctive characters. I have

therefore placed it doubtfully as a synonjTu of muscnlus. In using the follow-

ing key it should be l)orne in mind that young individuals of any si)ecies may lack

phosphatic deposits, while very old specimens may lack calcareous deposits. In

at least one species {)nuscHlHS as here defined), and possibly in others, phosphatic

deposits appear to l)e absent at times in otherwise normal adults. More than

ordinary care should therefore be exercised.
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Key to the Species of Molpadia.

A.—Anchors wanting, or, if present, witli only 2 arms and associated witli a rosette of 3-8

jjerforated plates (plate xii, fig. 5).

B.—Phosphatic deposits present, often m abundance.

C.—No true supporting rods, fusiform bodies or elongated perforated plates pres-

ent, though the discs of the tables nia}' be narrowed and drawn out into

a rod at each end.

D.—Tables of body often very irregular and distorted; sometimes wholly want-

ing, the disc seldom with more than S holes (those in the tail may have

20-30 holes).

E.—Tables with a more or less distinct disc, having 3-8 or more (usually

3-6) holes, often with irregular outline and marginal projections

(plate X, fig. r4).

F.—Tables of moderate size, the disc 90-350 ^ in diameter, usually

with only one spire.

G.—Tables often wanting in skin of body, present in tail ; disc

cjuite asymmetrical; spire of moderate height and

often with teeth or branches at top.

Discs of tables in tail narrowed and elongated, the

ends drawn out into rods; spire usually of a single

rod (plate x. fig. 14) oolitica

Discs of tables not specially narrowed nor elongated;

spire very irregular concolor

GG.—Tables present in skin of body ; disc rather symmetrical,

with 3-6 or more holes; spire high (plate x, fig. 15; plate

xn, fig. 15).

Discs of tables in tail not specially narrowed nor with

numerous holes intermedia

Discs of tables in tail somewhat narrowed and drawn

out at the ends, with numerous (10-30) holes (plate

X, fig. 15c) andamanensis

FF.—Tables very small, the disc less than 70 n in diameter, often

with 3 or 4 small, incomplete spires (plate x. fig. 16).

SIMILI.S

EE.—Tables of body less regular, often without distinct disc or spire, or

with the rods composing the disc not united at their outer ends.

F.—Tables of the body-wall over 150 ^u. across, with a disc composed

of 6 or more slender diverging rods usually not united at their

outer ends affinis

FF.—Ta,bles much smaller, not provided with such a disc.

Body tables more or less circular, about 60-70 fi in diameter

;

caudal tables well formed, with conspicuous spire, .roretzii

Body tables very irregular, 00-100 /x across; caudal tables not

specially different (plate xrii. figs. 15 and 16).. . .amorpha

DD.—Tables more regular, with very high spire, and the disc more or less cir-

cular, with 13-40 holes turgida

CO.—Supporting rods, fusiform bodies, or elongated perforated plates present, at least

in the tail (plate xi. figs. 6, 7, 8, and 13).

D.—Fusiform bodies rod-like, usually with narrow, rounded, unp(>rforated, and

undivided ends, occurring all over the body, sometimes flattened and

widened in the tail musculus
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Z^Z?.—Fusiform bodies with flat, widened ends, or replaced by more or less elon-
gated perforated plates.

A'.—Fusiform bodies largely replaced by big perforated plates (plate x,

fig. 18).

Some of the tables with discs having 40-60 holes (plate x, fig.

1''') MAROCCANA
No such tables. loricata

iJE".—Fusiform bodies transformed into very flat rods or narrow plates,

with an expanded middle portion.

Ends of the flat rods expanded and perforated (plate x, fig. 19).

PERFORATA
Ends of the narrow plates not expanded and perforated.

PAUPERA
BB.—No colored pliosphatic deposits present in the skin.

C'.—Skin thin, often translucent, and usually more or less rough ; tail usually abrupt
and slender.

V.—No supporting rods or elongated fusiform bodies present in caudal region.

£•.—Tables very small, regular, with disc about 100 fx in diameter, usually

with 3, but often with more, holes; spire 150 fi high, or even more.

BLAKEI
.B^.—Tables much larger and spires proportionally much lower.

/^.—Skin very thin and delicate, gray, with more or less yellowish-

brown coloring anteriorly and dorsally ; deposits in body-wall,

except in caudal region, usually wanting in specimens over 40
mm. -long; in caudal region (and in body-wall of young speci-

mens), tables with more or less circular discs, perforated by

6 or more large holes, are generally present Antarctica
FF.—Skin not so thin and delicate; not so colored; tables abundant

in body-wall.

Tables with rounded, regular discs, with 3-6 (rarely more)

circular holes parva
Tables with more or less irregular disc; holes usually oval,

with outer end somewhat pointed arctica
DF)-—Conspicuous supporting rods present in caudal region.

E.—Large, smooth, irregular plates, with 60-70 holes present, .agassizii

FE.—No such plates.

F.—Spires of tables and of caudal supporting rods also, with a greatly

expanded and spiny top elongata
FF.—Spires not commonly with an expanded and spiny top.

Supporting rods of caudal region with wide ends and a

prominent spire (plate x, fig. 20) ; tables with a tapering

spire, commonly of a single piece (plate x. fig. 21).

granulata
Supporting rods with tapering ends and a low central pro-

jection.

Tables with a spire of 3 or 4 rods united by 4 or 5 cross-

bars (plate X. fig. 22) dispar

Tables not provided with such a spire muscultjs

CC.—Skin thick, smooth, and leathery: posterior end of body tapering, but a distinct

caudal appendage is wanting arenicola
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AA.—Anchors present, but if associated with more tlian a single plate, some of them have

3 or 4 arms.

B.—Auchoi's with only 2 arms and associated with a single plate.

C.—Anchor-plates large, about 400 ,11 long (plate x. fig. 23).

Many tables with trifid base, the ends of each of the 3 arms expanded and

perforated (plate x. fig. 24) brevicaudata

None of the tables witli trifid l)ase makenzelleri

CO.—Anchor-])lates small, about 130 /* long (plate x. fig. 9).

Tables with more or less irregular, often trifid base coxcolok juv.

.

No tables at all present tridens

BB.—Anchors commonly with 3 or 4 arms (plate x. fig. 25) polymorpha

MOLPADIA OOLITICA.

Plate X, Fig. 14.

Cliirodota ooliiica Pourtales, 1851, p. 13.

Molpadia borealis Sars, 1859, p. 174.

Molpadia obUtlca Selenka, 1867.

Embolus pauper Selenka, 1867, p. 359.

Trochostoma thomsonii Danielssen and Koren, 1878, pp. 229-256; pis. i-iii.

Trocliostoma [Molpadia) horrale Danielssen and Koren, 1879. pj). 124-126, 137: pis.

T and VI. figs. 1-5.

? .l?iZ7//'of/p;7»i7 />/f>r//.s/( Danielssen and Koren. 1S79. pp. 128-133, 135-131: pis. v

and VI. figs. 11-19.

Trochostoma thom'sonil mariikifum Danielssen and Koren, 1882, p. 94; pi. xiii, figs.

5-6.

Trocliosfoma horoalc Hoffman, 1882.

Trochostoma (Mo]padla)odIiticiim Danielssen and Koren, 1882.

Trochostoma oolithicum Lampert, 1885.

Trochostoma ooliticum Theel, 1886ff.

Length.—100-135 mm., the diameter of the body about ono-fonrth as much;

the caudal appendage short and not often abruptly distinct.

CoLOE.—In life grayish green and violet are the jirevailing colors, while

in preserved specimens dull gray and reddish or dark brown predominate; the

oral disc and caudal appendage are noticeably light-colored in contrast. The

exact coloration depends on the development of the phosphatic bodies; where

these are few, the general color is gray, with little brown, but when these are

abundant the color becomes more and more brown; in some specimens these

deposits become so numerous that the body is almost black.

Distribution.—Reported from numerous stations in the North Atlantic and

Arctic oceans, from Florida Reef (Pourtales) and West Indies (Theel) to Spitz-

bergen and north thereof (Ludwig) ; also eastward through Barents and Kara

seas to Cape Chelyuskin, Siberia (Stuxberg) ; in the eastern Atlantic it is not

known south of 62° N., while in the western Atlantic and Arctic oceans it is not

known north of Labrador or west of the Faroes. Its real home seems to be the

Arctic Ocean, north of Europe and western Siberia, with a long southwestward
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extension to Newfoundland, Florida, and the West Indies. The reported oc-

currence at Point Barrow, Alaska (Murdoek), would seem to indicate a cir-

cumpolar range.

Remarks.—This is not only the longest-known but perhaps also the best-

known species, thanks to the careful investigations of Danielssen and Koren

(see their report, 1882, pp. 42-65 and 67-76, and Plates VII-XIII). It seems

probable that, in spite of their care, differences were emphasized and inter-

grading features neglected, so that no less than three species were made by

them out of a few specimens of this single form. Of course it is by no means

certain that Ankyroderma jeffreysii is identical with the Trochostomas, but there

is little reason to doubt it. The specimens of Ankyroderma reported have been

mostly under 50 mm. and 75 mm. is the maximum given. On the other hand,

Danielssen and Koren refer to specimens of Trochostoma 10 and 20 mm. long;

they do not say, however, whether the calcareous deposits of these specimens

were examined. There can be no question that horealis and oolitica are iden-

tical, for the latter is simply based on individuals in which the phosphatic de-

posits are excessively developed. The calcareous particles of all ages are fully

figured by Danielssen and Koren.

MOLPADIA CONCOLOR.

Trochostuma concolor Koehler and Vaney, 1905, p. 91; pi. v, fig. ix. Calcareous

particles, pi. xiii. figs. IG-IS.

Trochostoma concolor caudatum Koeliler and Vaney, 1905, p. 92. Calcareous particles,

pi. XIII, figs. 19-23.

Anhjroderma contortum Koehler and Vaney, 1905, p. 100. Calcareous particles, pi.

XIV, figs. 8-13.

Anhijroderina intermedium Koehler and Vaney, 1905, p. 102. Calcareous particles,

pi. XV, figs. 19-25.

Length.—125-150 mm., with a diameter of 45-60; in the adult, the caudal

appendage is not sharply distinct, but in young specimens it may be one-fourth

of the total length.

Color.—Grayish, more or less tinged and marbled with chestnut-brown,

orange-red, or bluish violet; in adults the latter tint is very marked; oral disc

and caudal appendage whitish.

Distribution.—Reported from the coast of Kistna and -Gulf of Bengal,

three stations of the "Investigator" (Koehler and Vaney).

Remarks.—This species, though representing oolitica in the Indian Ocean,

appears to be quite distinct from the northern form. The specimens collected

by the "Investigator," although few in number, seem to show the transition

from young to adult form very well. It should be stated, however, that one of

the specimens described as A. intermedium was 115 mm. long and is therefore

of maximuni size for an Ankyroderma. The variety of color shown by these

11
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specimens is noteworthy, but we know very little yet about the constancy of

color in the Molpadiid;?, and what little we do know makes us skeptical of its

value for specific distinctions. The calcareous particles of all ages are fully

figured by Koehler and Vaney.

MOLPADIA INTERMEDIA.

Plate XII, Figs. 5-15.

Trochostoma intermedium Ludwig, 1894, p. 161. Calcareous deposits, pi. xvi, figs.

7-21.

Length.—110-140 mm., the caudal appendage about 20-25 per cent of the

total length.

Color.—Gray or yellowish gray, more or less spotted, blotched and con-

cealed by the reddish-brown or reddish-violet color caused by the phosphatic de-

posits.

Distribution.—Reported from Gulf of Panama and Gulf of California

(Ludwig) and numerous stations .along the Pacific coast of North America

(Clark, antea).

Remarks.—This is undoubtedly the common Molpadia of the North Pacific,

and while it is nearly related to odlifica, it is very readily distinguishable. It is

one of the species in which the young are provided with anchors and rosettes

(antea, pp. 18 and 33), and even large specimens often show the presence of

a few.

Molpadia andamanensis.

Plate X, Fig. 15.

Trochostoma antarctieum Lampert, 1889 (non Theel, 1886a).

Trochostoma andamanense Walsh, 1891, p. 203.

Trochostoma scabrum Sluiter, 1901, p. 119. Calcareous particles, pi. x, fig. 9.

Trochostoma scabrum spinosa Sluiter, 1901, p. 119. Calcareous particles, pi. x. fig.

10.

Trochostoma andamanense Koehler and Yaney, 1905, p. 90. Calcareous particles,

pi. XIII, figs. 11-15.

Length.—90-150 mm., of which the caudal appendage is about 8-12 per

cent.

Color.—"Dirty flesh-color with closely placed deep chocolate spots, the

crown (tentacles) being a sort of raw-meat color" (Giles, in Walsh, loc. cit.).

"In spirit, the ground color has become greenish gray and the spots are more

or less blood-red. The tentacles are yellow and between each two there is,

near the base, a blue-black triangular mark" (Walsh, loc. cit.). Curiously

enough, Koehler and Vaney do not refer to the color, so that we do not know

whether the remarkable coloration of the tentacles and oral disc given by Walsh

is a constant feature or not, Sluiter describes the color very much as it occurs
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in other members of the genus—more or less yellowish brown, brownish red, or

dark violet, according to the individual ; the color of the body varies evidently

with the development of the phosphatic deposits; the caudal appendage is

always white or whitish.

Distribution.—Eeported from New Guinea (Lamport) ; Andaman Sea

(Walsh); four of the "Siboga" stations in the East Indies (Sluiter), and six

of the "Investigator" stations in the Gulf of Bengal and near Ceylon (Koehler

and Vaney).

Remarks.—Although Walsh considered this species near to antarctica, and

Sluiter, and Koehler and Vaney regard it as nearly related to grminlata, it ap-

pears to be quite distinct from either, and well characterized by the presence

of the phosphatic deposits and the peculiar but well-formed tables of the

caudal region. Considering the meagerness of Walsh's description and the ab-

sence of any figures, it is not strange that Sluiter failed to recognize andaman-

ensis in his East Indian specimens. There can be little question, however, of

the identity of the two forms; nor can there be much doubt that the little

"Trochostoma" from New Guinea brought home by the "Gazelle" and con-

sidered by Lampert ('89) to be antarctica, really is andamanensis

.

MOLPADIA SIMILIS.

Plate X, Fig. 16.

Anhjrodcrma simile Theel, 1886a, p. 40: pi. xi, fig. 2. Calcareous particles, pi. ii,

fig. 5.

Length.—100-110 mm.

Color.—Dirty gray and yellowish brown.

Distribution.—Reported only from Yokohama, Japan, 621 m. (Theel).

Remarks.—This is one of the species known from only a single specimen, but

it appears to be quite unique, unless indeed it should prove to be the adult of

rorctzii; the small size of the tables is a striking point of resemblance between

the two.

MoLPADIA AFFINIS.

Anhjroderma afflne Danielssen and Koren, 1879, pp. 133-137; pis. v and vi, figs.

22-28.

Length.—50-75 mm.

CoLOfi.—Gray or grayish green ; the oral disc and caudal appendage whitish.

Distribution.—Reported from north of Norway (Danielssen and Koren)

;

Kara Sea (Clark, antea) ; and Caribbean Sea (Theel). The range possibly coin-

cides with that of oolitica.

Remarks.—I was at first inclined to consider this species as simply a form

of oolitica or possibly arctica, but the calcareous tables "-^em to be quite
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unique, aud the siDeeies is certainly as valid as manj^ others in this perplexing

genus. As Ludwig ( :00fl) does not distinguish it from jeffreysii, we cannot tell

exactly what the northern distribution of affinis is.

MOLPADIA EORETZII.

Haplodactyla roretzii v. Marenzeller, 18T7, p. 29; pi. iv, fig. 1.

Anhyroderma roretzii v. Marenzeller, 1881, p. 12-1. Calcareous particles, pi. iv,

fig. 4.

Length.—55 mm., of which the caudal aj^pendage is 12; diameter about 30

mm.

CoLOK.—Dark violet-brown, with the caudal appendage white.

DiSTEiBXjTioN.—Reported only from Japan (v. Marenzeller).
'

Eemaeks.—This is another species known from only a single specimen, and

while it appears to be distinct from similis, it will not be at all surpris-

ing if they jirove to be identical. Theel ('86rt) is undoubtedly right in consider-

ing the tables with a single, and always l)roken, spire figured by von Marenzeller

as the basal portions of the anchors, whieh von Marenzeller seems not to have

found.

MoLPADIA AMOEPHA.

Plate XIII, Figs. 14-22.

Mulimdia ainorpha Clark (autea, p. 31).

Length.—100-115 mm., of which the tail is only one-tenth; diameter 30-40

mm.

CoLOE.—Gray, more or less spotted or blotched with dark purplish,

especially anteriorly, where the color may.be nearly uniformly dark.

Disteibution.—Reported only from off the southern coast of Chile in 200-

350 m. (Clark).

Remarks.—This species seems to be quite constant in its characters, so far

as adults are concerned. As no young specimens are available, it is not known

whether anchors and plates ever occur.

MoLPADIA TUKGmA.

Molpadia turgida Verrill, 18T9a, p. 473.

Trochostoma turgida Yerrill, 18856.

Trochostoma turgidum Theel, 1886a.

Length.—90-125 mm.

CoLOE.—Reddish or purplish brown; skin thin, semi-translucent.

Disteibution.—Reported from Massachusetts Bay, 72-180 m., Gulf of

Maine, Casco Bay, Bay of Fundy, off Nova Scotia, and Gulf of Saint Law-

rence (Verrill).
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Eemarks.—No one seems to have seen this species except the describer and

he unfortunately has given us no figures. The tables, however, seem to be quite

characteristic and it is probable that the species is entirely distinct from ooUtica.

MOLPADIA MUSCULUS.

Plate XI.

? Molpadia holothurioides Ciivier, 181 T, vol. iv, p. 24.

Molpadia musculus Risso, 1826, p. 293.

Ilaplodactyla mediterranca Grube, 1840, p. 42.

Haplodactyla musculus Semper, 1868.

Molpadia violacea Studer, 1876, p. 451. Calcareous particles, Theel, 18S6a, pi. ii,

fig. 4.

Ankyroderma musculus Petit, 1883.

Anl-yroderma perrieri Petit, 1883, p. 163.

Anhyroderma liispankum Petit, 1883, p. 163.

Trochostoma violaceum Tlieel, 1886a.

Anl-yroderma daniclsseni Theel, 1886a. p. 39. Calcareous particles, pi. ii, fig. 6.

Anl-yroderma musculus Ludwig, 1891(7. p. .569. Calcareous particles, pi. xxix.

Ankyroderma danielsseni Ludwig, 1894, p. 164. Calcareous particles, pi. xvir. figs.

1-9.

Anl-yroderma spinosum Ludwig, 1894, p. 171; pi. xvii, fig. 10. Calcareous particles,

pi. XVIII, figs. 1-12.

Anl-yroderm.a musculus Perrier, 1903, p. 529.

Anl-yroderma musculus Koehler and Yane_y, 1905, p. 95.

Ankyroderma musculus acutum Koehler and Yane}-, 1905, p. 97. Calcareous par-

ticles, pi. XIV, figs. 4-7.

Length.—100-160 mm., of which the tail is 10-25 per cent; the diameter is

about one-fifth of the total length.

Color.—Very variable; gray and red-brown, with more or less of a violet

tinge ; in old specimens the color may be very dark, the gray being entirely con-

cealed, while in young specimens the color may be uniformly gray^ with or with-

out a yellow-brown cast.

Distribution.—Reported from the Mediterranean and North Atlantic (Lud-

wig, Koehler, Perrier) ; Kerguelen Islands (Studer) ; southern Chile (Theel)

;

Gulf of Panama, Galera Point, Cocos Island, Acapulco, and Gulf of California

(Ludwig); off Chile, the Galapagos Islands, and southern California; and in

Monterey Bay, California, 36-54 m. (Clark); seven "Siboga" stations in D.

E. I. (Sluiter); Andamans, Kistna, Ceylon, and Gulf of Bengal (Koehler and

Vaney). Apparently cosmopolitan, excepting only the Arctic and North Pacific

oceans.

Remarks.—Ludwig is authority for the identity of Risso 's, Grube 's, and

Petit 's species, while the collections of the United States National Museum leave

no doubt of the identity of violaceum and danielsseni. Perrier asserts the iden-

tity of musculus and danielsseni, and Koehler and Vaney not only maintain the
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correctness of his position, but add Ludwig's spinosum to the list of synonyms.

For my part, I believe that at least three species are confused under the above

synonymy ; but as Perrier, and Koehler and Vaney have had far more material of

musculus for study than is accessible to me, I defer to their judgment. It seems

to me very likely that musculus is a small species, confined to the Mediterranean

Sea and eastern Atlantic Ocean, which never outgrows its Ankyroderma stage,

while violaceum is a quite different and much larger species. As for spinosum,

I believe it, too, will prove to have constant specific characters. Some of the

specimens of danielsseni in the National Museum collection are remarkable for

the appai-ent absence of phosphatic deposits, and I think it quite possible that

these are really a fourth species. But these questions can only be settled when

a large amount of material of all ages from the Mediterranean Sea, Atlantic,

South Pacific, tropical Pacific, Indian and south Indian oceans can be brought

together and carefully compared.

MOLPADIA MAROCCANA.

Plate X, Figs. 17, 18.

Anlcyroderma maroccanum R. Perrier, 1898, p. 1666 ; 1903, p. 533. Calcareous par-

ticles, pi. XXII. figs. 9-15.

Length.—Not given; presumably 2{>-35 mm.

Color.—Not given; presumably grayish, more or less mottled with red-

brown or violet.

Distribution.—Eeported only from off Cape Ghir, Morocco, 2,210 m. (R.

Perrier).

Eemarks.—Although four specimens of this form were taken, it is by no

means certain that the differences between it and the preceding species are con-

stant; but, as Perrier says, in the present state of our knowledge the two are

well separated from each other.

MOLPADIA LORICATA.

Ankyroderma loricatum E. Perrier, 1898, p. 1666; 1903, p. 535. Calcareous par-

ticles, pi. XXII, figs. 23-28.

Length.-—55 mm., of which the tail is 7 ; diameter, 10-15 mm.
Color.—Very deep red-brown; tail grayish.

Distribution.—Reported only from off Senegal, 1090-2324 m. (R. Perrier).

Remarks.—Of this form three specimens were taken by the "Talisman" in

1883. It is very close to the preceding species, with which it may be identical,

and its separateness from musculus is therefore open to question. The latter

was taken by the "Talisman" at a neighboring station off Senegal, but in much

shallower water.
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MOLPADIA PEBFOEATA.

Plate X, Fro. 19.

Anl-yrodcrma perforata Sluiter, 1901, p. 121. Calcareous particles, pi. x, fig. 8.

Length.—Up to 140 mm., of which the tail is about one-seventh; diameter,

30 mm.
Color.—Grayish; in mature specimens, with red-brown spots.

Distribution.—Eeported only from four "Siboga" stations in D. E. I.

(Sluiter).

Remarks.—This appears to be one of the species in which anchors are pres-

ent even in adults. The rosettes are made up of 3-5 racquet-shaped rods, which

are widened at the free end and are pei'forated throughout. The colored phos-

phatic deposits are said by Sluiter to be absent in the specimens 40 mm. or less

in length. The form of the tables and supporting rods seems to be very char-

acteristic.

MOLPADIA PAUPERA,

Trochostoma pauperum Koehler and Vaney, 1905, p. 93. Calcareous particles, pi.

XIII, fig. 23.

Trochostoma ecalcareum Koehler and Vaney, 1905, p. 94. Calcareous particles, pi.

XIII, fig. 24.

? Anl-Jjroderma musculus undulatum Koehler and Vaney, 1905, p. 99. Calcareous

particles, pi. xv, fig. 13.

Length.—68-75 mm., of which the very short tail is less than one-twelfth;

diameter, about 30 mm.

CoLOB.—Clear gray or grayish, with the tail reddish or violaceous ; the skin,

on its inner surface, is said to be dark violaceous.

Distribution.—Eeported only from "Investigator" stations 279 (540 m.)

and 280 (803 m.). Gulf of Bengal; perhaps also station 250 (800 m.) (Koehler

and Vaney).

Remarks.—This is apparently a species much like oolitica in the rapid loss

of calcareous deposits and excessive development of the phosphatic bodies. The

supporting rods of the tail are very characteristic and it seems quite possible

that the small Ankyroderma reported by Koehler and Vaney from station 250

as a variety {und^datum) of musculus is really the young of the present species.

There appears to be no good reason for separating ecalcareum from paupera-

tum, as only one specimen was taken, and the absence of deposits may have been

accidental.
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MOLPADIA BLAKEI.

Trorhostnma liJnl-ri Tlieel, 188Gft, p. U. C'alenreous table, fig. 8.

Length.—60-75 mm., of which about one-tenth is tail.

Color.-
—

"Whitish, grayish, or very pale brownish.

Distribution.—Reported from near Grenada, 1,720 ni. (Theel) ; coast of

Senegal, 3,655 m. (R. Perrier), and Gulf of Mexico, 2,126 m. (Clark).

Remarks.—This is a remarkably well-characterized species, but as Theel

neglects to give any dimensions for the curious little tables, it has been easy to

mistake some specimens of parva for hlakei. Several specimens of parva were

labeled blakei by me, and I then decided the two were synonymous, and it was

only when I found a specimen of the true blakei that I realized my mistake.

Perrier 's ( :03) specimen was very small, but the tables are characteristic, at

least as far as the dimensions go. The differences he points out between his

specimen and Theel 's are interesting and may possibly prove to be specific.

MoLPADIA ANTARCTICA.

Trochoslonia antarrtinim Theel, 1886a, p. 44. Calcareous particles, pi. ii, fig. 7.

Length.—Up to 92 mm., the tail only 3-5, and the diameter 20-25.

Color.—Gray, colored or blotched with yellowish brown, especially ante-

riorly and dorsally.

Distribution.—Reported from southern coast of Chile (Theel, Clark) ; Gulf

of Mexico (Theel), and off Alexander Land, Antarctic Ocean (Herouard).

Remarks.—Theel has expressed some doubt as to the validity of this

species, but it is clear from the material in the United States National Museum

that the southern form is quite distinct from either arctica or horealis. As for

the three specimens from the Gulf of Mexico, which Theel ('86&) assigns to ant-

arctica, I am strongly inclined to believe they represent quite a distinct, and

probably undescribed, species. The species arctica and antarctica are nearly

allied and young specimens might easily be confused, but specimens over 50

mm. are readily distinguished. The skin in antarctica is very thin and delicate,

and even specimens 14 mm. long have no anchors or rosettes, so the species ap-

parently has no ankyroderma stage. The single specimen which Herouard

( :01) had, seems to have been of this species, although he implies that the ab-

sence of calcareous deposits was due to decalcification. Regarding Lampert's

('89) record of this species from New Guinea, see under andamanensis.

Molpadia pabva.

Trochostoma arcticum Marenzeller, var. parva Theel, 1886&, p. 17.

Trochostoma arrtirnm IMarenzeller, var. cceruJrutii Theel, 1886&, p. 17.

Length.—60-80 mm., of which about one-tenth is tail.
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Color.—Yellowish gray, often with a violet tinge, especially anteriorly; in

some specimens the violet color is very marked.

Distribution.—Reported from off Grenada, 749-996 m. (Theel) ; south of

Nantucket, 2,695 m., and Caribbean Sea, 1,613 m. (Clark).

Eemarks.—The difference between the calcareous deposits of this species

and arctica is so obvious and apparently so constant that it does not seem likely

the two species can be identical. In some specimens of parva the tables are re-

markably uniform in having only 3 holes in the disc. Such tables resemble in

form those of hlakei, but are very much larger and the spire is much lower in

propoi'tion.

MOLPADIA ARCTICA.

Haplodactyla arctica v. Marenzeller, 1ST76, p. 21); pi. iv, fig. 1.

Trochostoma arcticum Danielssen and Koren, 1879, p. 126.

Trochostoma borcaJe Ludwig, 1900a, partim.

Length.—Up to 190 mm. when fully extended, of which the tail is scarcely

one-tenth; diameter about 30 mm.

Color.
—

'Whitish, grayish or brownish gray, more or less strongly tinged

with violet.

Distribution.—Reported from north of Nova Zembla (v. Marenzeller)

;

Kara Sea (Theel); Finmark (Danielssen and Koren). Apparently an Arctic

species, confined to the cold waters north of Europe.

Remarks.—Ludwig's opinion that this species is identical with boreale

Danielssen and Koren does not seem to me justified by the material at hand.

The skin in arcticum is thin and rough and always lacks phosphatic deposits,

so that the general appearance is quite different from the other Arctic species.

So far as recorded, no specimens have been taken which are evident connecting

links between the two forms, and for the present at least it seems to me they

ought to be kept separate. So far as known, this species never has anchors or

rosettes.

MOLPADIA AGASSIZII.

Anl-yroderma agassizii Theel, 1886&, p. 19.

Length.—80 mm., of which the tail is one-fourth.

Color.—Light grayish, inclining to violet.

Distribution.—Reported only from Bequia, 2,712 m., and from an unknown

West Indian station, 1,904 m. (Theel).

Remarks.—This notable species is well characterized by its thin, rough,

brittle body-wall, filled with perforated plates. There are also tables, some-

what like those of arctica, present, and anchors and rosettes. The rods mak-

ing up the rosettes have the large end perforated with 25 or more holes. A

thick layer of fusiform supporting rods with the middle enlarged and per-

forated is found in the tail.
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MOLPADIA BLONGATA.

Trochostoma elongatum Koehler and Vanej', 1905, p. 92 ;
pi. i, fig. 5. Calcareous

particles, pi. xiv, figs. 1-3.

Length.-—49 mm., of which the tail is more than half; the diameter of the

body is only 8 mm.

Color.—Grayish.

Distribution.—Reported only from the Gulf of Bengal, 1,660 m. (Koehler

and Vaney).

Eemarks.—In the remarkable development of the tail, this species ap-

proaches Caudina, but the calcareous deposits are quite like Molpadia. Only

one specimen is known; it is said to show only 10 tentacles, but apparently no

dissection was made to determine the actual number present. Of course, if

there are only 10, the species does not belong in Molpadia, and it becomes an

interesting question whether it is nearlj' allied to Cerapleetana.

Molpadia granulata.

Plate X, Figs. 20-21.

Trochostoma granulatum Ludwig, 1894, j). 158. Calcareous particles, pi. xv, figs. 7-9,

and pi. XVI, figs. 1-6.

Length.—75-110 mm., of which the tail is about one-seventh.

Color.—Dusky yellowish or yellowish gray to brownish yellow; sometimes

very dark at the ends; skin thin, translucent, and rough.

Distribution.—Eeported from three "Albatross" stations off coast of Cen-

tral America, 2,848-4,017 m. (Ludwig) ; near Amboina, 798 m. (Sluiter), and

near Ceylon, 3,443-3,585 m. (Koehler and Vaney). Apparently distributed

in the deep parts of the tropical Indian and Pacific oceans.

Remarks.—Although only a few specimens of this species are known, they

come from such widely separated localities and show such diversity in size

(26-110 mm.) that it is probably safe to say that granulata does not have

anchors and rosettes at any age. Koehler and Vaney consider this species very

near andamanensis Walsh, but the differences appear to be more striking than

the resemblances.

Molpadia dispar.

Plate X, Fig. 28.

Ankyroderma dispar Sluiter, 1901, p. 122. Calcareous particles, pi. x, fig. 6.

Length.—30 mm., of which the tail is nearly one-third.

Color.—Not given; skin thin and rough.

Distribution.—Reported only from near Celebes, 462 m. (Sluiter).
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Eemarks.—This is another of the species known from only a single indi-

vidual, and as that one is obviously immature, it is possible that it will prove

to be the young of some previously known species.

MOLPADIA ABENICOLA.

Plate XII, Figs. 1, 2.

Liosoma arenicola Stimpson, 1857, p. 525.

Trochofttoma arenicola Theel, 1886a.

Length.—110-135 mm., with the diameter one-third or one-fourth as much.

Color.—Dirty whitish, blotched with tawny reddish.

Distribution.—Reported only from the vicinity of San Pedro, California

(Stimpson, Theel, Clark), where it appears to be quite common.

Remarks.—This species, remarkable for its limited distribution, is well

characterized by the color, the absence of a distinct caudal appendage, the

thick, smooth skin, and the absence of calcareous deposits in the body-wall. In

most individuals numerous branched rods and perforated plates are to be foimd

in the skin of the posterior tip of the body, but in old specimens even these may
be wanting. Phosphatic deposits are apparently never present. Stimpson's

error in saying the calcareous ring consists of five pieces is so obvious, it seems

strange Lampert ('85) should have copied it without comment.

Molpadia beevioaudata.

Plate X, Fig. 24.

Anhyrodarma brevicaudatum Koehler and Vaney, 1905, p. 91). Calcareous particles,

pi. XV, figs. 1-10.

Length.—18-25 mm., with the diameter about 15 mm. ; the tail is 3-6 mm.

long.

Color.—Grayish, somewhat spotted with red.

Distribution.—Reported only from one "Investigator" station in the Gulf

of Bengal, 330 m. (Koehler and Vaney).

Remarks.—Although four specimens of this species were taken, they are ap-

parently young, and we probably do not yet know the adults ; but the calcareous

deposits are quite unique and make the species easily recognizable.

Molpadia marenzelleri.

Plate X, Fig. 23.

Ankyroderma marenzeUeri Theel, 1886a, p. 41. Calcareous particles, pi. iii, fig. 1.

Length.—26 mm.
Color.—Reddish violet, dappled.

Distribution.—Reported only from near New Zealand, 1,260 m. (Theel).
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Eemaeks.—This unique species is based on a single incomplete individual,

which is so well characterized by its calcareous deposits that it could not be as-

signed to any other species. Besides the tables and the remarkable anchor-

plates, which usually have three rather long arms, numerous phosphatic de-

posits are present. The caudal portion of the type specimen was lost or de-

stroyed when it was taken.

MOLPADIA TKIDENS

Plate X, Figs. 8, 9.

Anhyroderma tridens Sluiter, 1901, p. 122. Calcareous particles, pi. x. fig. 7.

Length.—Up to 80 mm., of which the tail is about one-fourth.

CoLOE.—Gray, with numerous small red-brown spots.

Distribution.—Reported only from the Dutch East Indies, 330-462 m.

(Sluiter).

Remarks.—This is a most interesting species, remarkable for the absence

of all calcareous dej^osits save anchors and plates and the presence of numer-

ous phosphatic deposits, thus reversing the usual condition, where numerous

phosphatic deposits are associated with the disappearance of anchors and

plates. Sluiter 's account of the appearance of the deposits is further evidence

to show that calcareous particles in Molpadia become transformed into the col-

ored phosphatic bodies.

Molpadia polymorpha.

Plate X, Fig. 25.

Anhyroderma pohjmorphum Koehler and Vaney, 1905, p. 103. Calcareous particles,

pi. XIV, figs. 14-19.

Length.—50 mm., of which the tail is 15; the diameter of the body is only

10 mm.
Color.—White, tinged with reddish.

Distribution.—Reported from the Gulf of Bengal, 1,242-1,656 m. (Koehler

and Vaney).

Remarks.—As only a single specimen of this form was taken, one cannot

avoid the suspicion that it may be only a young and aberrant concolor. It is

impossible to tell from the description given whether the anchors are associated

with a single plate or with a rosette of such plates.

CAUDINA Stimpson, 1853.

Molpadia Miiller, 1850; Semper, 1868; nou Cnvier, 1817.

Tentacles 15, with 2 pairs of digits, the distal pair longer than the proximal;

no terminal unpaired digit. Body rather stout, more or less tapering posteri-
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orly and usually with a distinct caudal portion, which is generally one-third of

the total length or even more. Radial pieces of calcareous ring with conspicu-

ous, bifurcate, jjosterior prolongations. Calcareous deposits of very various

kinds, with no particular kind characteristic of the genus. Phosphatic deposits

are usually entirely wanting and are known to occur in only one species.

The holothurians composing this genus may usually be recognized by the

form of the body, but there is no doubt that the differences between Caudina

and Molpadia are very slight and of little significance. The geographical dis-

tribution of the genus is interesting; three species are confined to the eastern

coast of the United States, two occur on the North American Pacific coast, and

the three others occur on the coast of Chile, one of these ranging to New Zea-

land, Australia, the East Indies, and Japan. Little is known of their habits,

save that they live buried in sand or mud with the tip of the caudal region ex-

posed ; they burrow by means of the tentacles, aided by movements of the body,

and feed on the organic matter in the sand or mud, which they take into the

mouth. Besides the following eight species, "Trochostoma albicans glabra"

(Theel, 1886a, p. 46), which appears to be closely related to C. albicans, should

probably be recognized as a ninth species.

Key to the Species of Caudina.

A.—No colored phosphatic deposits in skin.

B.—Calcareous deposits in the form of tables with perforated discs and conspicuous

spires (plate x, figs. 11, 13).

Discs of tables 90-140^1 in diameter; spire rather low and irregular, usually

of 4 somewhat converging rods arenata

Discs of tables 150-270^ in diameter; spire rather high and pointed, of 3 con-

verging rods ALBICANS

BB.—Calcareous deposits not tables.

C.—Calcareous deposits more or less well formed, shallow cups perforated by 4

holes and closed by a cross, the bars of which are just over the holes, the

relative proportions of solid parts and holes varying very greatly (plate ix,

figs. 4, 5, 11, 13, 13).

D.—Nearly all the cups complete and symmetrical, with rounded knobs on

margin (fig. 4).

Caudal appendage very distinct chilensis

Caudal appendage not apparent, the body simply tapering to a blunt

point OBESACAUDA

DD.—Nearly all the cups incomplete and more or less asymmetrical, without

knobs (figs. 11-13) contractacauda

CC.—Calcareous deposits more or less flat, perforated plates of no particular form.

Plates with sharp projections on the surface (plate x. fig. 13)..californica

Plates almost perfectly smooth (plate ix, fig. 8) planapertuea

AA.—Colored phosphatic deposits present in skin pigmentosa
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Caudina ABENATA.

Plate X, Figs. 1, 2, 11.

Chirodota aretmta Gould, 1841, p. 345.

Chirodota arenaia Ayres, 1852a, p. 143.

Caudina arcnala Stimpson, 1853, p. 17.

Caudina arenaia Geroiild, 189(5, pp. IT-M : pis. iii-.x.

Length.—100-175 mm., rarely up to 250 mm.; caudal appendage usually

about 35-40 per cent of total length.

Color.—In life, pink to purplish; in preserved specimens, milky white to

pale brown, usually grayish.

Distribution.—Reported from Newport, Cuttyhunk and Vineyard Sound,

Chelsea Beach, Revere Beach, and Massachusetts Bay (Gould, Pourtales, Ver-

vill, Kingsley, Gerould, et al.); Grand Manan (Ludwig) ; Milne Bank, North-

umberland Strait and Pointe du Cheue, New Brunswick (Whiteaves).

Remarks.—Although this species has been taken in large numbers at Revere

Beach, Mass., and in smaller numbers at Newport, R. I., and Chelsea Beach,

Mass., nearly all these specimens have been picked up on the shore after severe

storms. Few specimens have ever been dredged. Gerould's ('96) explanation

of this is undoubtedly correct; the animals live buried in rather firm sand, only

the tip of the tail being at the surface, so that an ordinary trawl or dredge does

not reach them; but, as they live in comparatively shallow water (1-35 meters),

a heavy sea gradually washes them out of the sand and casts them upon the

shore. Gerould's admirable paper is a complete account of all that we know

about this species.

Caudina albicans.

Plate X, Fig. 12.

Trochostoma albicans Theel, 1886a, p. 44; pi. xi, fig. 3. Calcareous particles, pi.

Ill, fig. 2.

Trochostoma albicans var. glabra Theel, 18S6a., p. 46.

Caudina arcnata var. armata Theel, 1886&, p. 17.

Caudina arenaia var. armata Gerould, 1896, p. 19. Calcareous particles, pi. iii, figs.

34-37.

Length.—75-115 mm., of which 20-35 are caudal appendage.

Color.—In preserved specimens, grayish or whitish.

Distribution.—Reyjorted from off the east coast of the United States be-

tween Cape Cod and Cape Hatteras, in 1,600-2,235 m. (Theel, Clark) ; near

New Zealand, 1,260 m. (Theel) ; off coast of Senegal, 3,200 m. (R. Perrier), and

Gulf of Bengal, 486-738 m. (Koehler and Vaney).

Remarks.—It is only with the greatest hesitation that I venture to unite two

species, placed by so careful a worker as Theel in separate genera; but I am
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entirely at a loss to find any satisfactory ground upon which they can be sep-

arated. Of course if the difference in tentacles were constant, it would separate

them easily; but I feel sure that this supposed difference is due entirely to dif-

ference in the amount of contraction, and the similarity of the calcareous de-

posits is so striking, I cannot doubt that armata is a synonym of albicans. Al-

though resembling the preceding species, this deep-water form is easily recog-

nized by the characteristic tables. As no connecting specimens are known, there

is no reason why it should not be given full specific rank. I feel quite sure that

the specimens from New Zealand are specifically distinct, and that those from

the Indian Ocean are either like the New Zealand form or are a third species.

Caudina chilensis.

Molpadia chilensin J. Miiller, 1850, p. 139. Calcareous particles, 1854, pi. vi_, fig.

14, and pi. ix, fig. 1.

Molpadia australis Semper, 1868, p. 233. Calcareous particles, pi. xxxix. fig. 14.

Molpadia coriacea Hiitton, 1873, p. 17.

MicrodactyJa caudata Sluiter, 1880, p. 348; pi. vi, fig. 1.

Caudina ransonnetii v. Marenzeller, 1881, p. 136. Calcareous particles, pi. iv. fig. 5.

Caudina meridionalis Bell, 1883, p. 58. Calcareous particle, pi. xv, fig. 1.

Caudina caudata Ludwig, 1883, p. 158.

Caudina coriacea Theel, 1886a, p. 47. Calcareous particles, pi. iii, fig. 4.

Caudina rugosa E. Perrier, 1904a, p. 16. Calcareous particles, 1905, pi. iv, figs. 10-12,

Caudina puIchcUa E, Perrier, 1905, p. 117. Calcareous particles, pi. v, figs. 14-17.

Caudina coriacea hrevicauda E. Perrier, 1905, p. 121 ; fig. N" in text.

Lenth.—60-150 mm., of which the caudal appendage may be more than

half.

Color.—Milk white to yellowish brown.

DisTErBUTiON.—Reported from Chile (J. Miiller) ; Picton Island, Chile (E.

Pen-ier) ; New Zealand (Hutton, Theel, et al.) ; Australia (Semper, Lampert)

;

East Indies (Sluiter); China (v. Marenzeller), and Japan (Ludwig). Appar-

ently the most widely ranging member of the genus, occurring throughout the

southern and western portions of the Pacific Ocean.

Remarks.—The form of the body in this species is apparently quite varia-

ble, the caudal appendage in some specimens exceeding half the total length,

while in other cases it is apparently much less and correspondingly inconspicu-

ous; thus Miiller ('50), Semper ('68), and Lampert ('85) make no reference to

a caudal appendage, though the last two say the body has the usual "Haplodac-

tyla" form. According to Semper's figure ('68, Plate IX), this would indicate a

caudal appendage only about one-fourth of the length. A comparison of the

descriptions and of the figures of the calcareous deposits given by Miiller, v.

Marenzeller, and Theel leaves little doubt that they were dealing with individuals

of a single species, while Lampert 's conunents on australis and coriacea show

that Semper's species is the same. Ludwig has given cogent reasons for declin-
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ing to accept Sluiter's genus Microdactyla at its face value, and we are safe in

considering that remarkable holothurian as a strongly contracted chilensis.

Perrier's descriptions and figures ( : 05) throw a great deal of light on the pro-

portions and anatomy of this interesting species. Although M. Perrier had

only seven specimens at hand, he regards them as representing five distinct

forms, one being the type specimen of ransonnetii, one the type of rugosa, one

the type of pigmentosa, two type and topotype of pulchella, and two type and

topotype of coriacea brevicauda. Unfortunately, however, he fails to make

clear any characters, upon which reliance can be placed, for separating these

so-called species; for size, color, proportions, and texture and surface of the

body-wall are all characters which vary greatly with the individual and with

the method of killing and preserving. Moreover, too close similarity in de-

posits must not be expected in such a variable group as the Molpadiidse, and

while we may for the present recognize pigmentosa (q. v.), all of M. Perrier's

other names appear to fall into the above given list of synonyms. Any other

course woiild necessitate a, new name for every specimen which showed any in-

dividual variation—a factor in the case for which M. Perrier apparently fails

to allow. Miiller ('50) describes and figures ('54) some remarkable organs in

his type of chilensis which he calls Cuvier's organs, but that they are homol-

ogous with the Cuvier's organs of the HolothuriidjB is exceedingly doubtful.

(See antea, p. 150.) It is very interesting to note that Perrier's specimen of

pigmentosa shows the same curious structures. It is somewhat exasperating

that the name chilensis must be retained for a species which is most common

apparently in New Zealand and occurs in the East Indies and Japan.

Caudina obesacauda.

Plate XI, Pigs. 1-5.

Caudina ohesacauJa Clark (aoffa, p. 38).

Length.—115 mm., of which the tail may be estimated at about one-third.

Color.—Pale brown.

Distribution.—Reported only from Marco, Florida, and Galveston, Texas.

(See antea, p. 38.)

Remarks.—This species is very near the preceding, and were it from New
Zealand or Australia instead of Florida, it would be difficult to show any real

difference between it and chilensis, for it is very doubtful whether the differ-

ence in the form of the body is of any significance. Until we have further light

on the shape of the body in chilensis, obesacauda may retain a dubious inde-

pendence.
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Caudina CONTEAGTACAUDA.

Plate IX, Figs. 9-13.

Caudina contractacauda Clark (antea, p. 38).

Length.—70 mm., of which more than one-third is caudal appendage.

Color.—Very pale brown.

Distribution.—Reported only from near the Aleutian Islands (Clark).

Remarks.—Although undoubtedly near the two preceding species, this form

may be readily recognized by the very different calcareous deposits. It may

be considered the North Pacific representative of chilensis.

Caudina californica.

Plate X, Fig. 13.

Caudina californica Ludwig, 1894, p. 155. Calcareous deposits, pi. xv, figs. 1-6.

Length.—98 mm., of which 42 are caudal appendage.

Color.—Yellowish gray.

J)iSTEiBUTioN.—Reported only from the vicinity of Lower California, 2,850

m. (Ludwig) ; 85 m. (Clark, antea).

Remarks.—This is a well-marked and perfectly distinct species, of which

only the few specimens in the National ]\Iuseum are known. The small speci-

men, collected in only 85 m. of water, may belong to a different and hitherto-un-

described species, but in view of the very scanty material, it seems wiser to

consider it a young californica. The plates in this small specimen are mostly

less than half as large as in the type and have only 2-8 holes, which are very

large in proportion to the size of the plate. The knobs on the surface of the

plate are rounded or blunt, instead of being sharp. The plates are not at all

crowded, but lie rather evenly distributed through the skin.

Caudina planapertura.

Plate IX, Figs. 6-8.

Caudina planapertura Clark (antea, p. 37).

Length.—67 mm., of which 27 are caudal appendage.

Color.—Gray with minute light-brown blotches, which are so numerous

dorsally as to give a brownish tinge there.

Distribution.—Reported only from Wellington Island, Chile, 350 m.

Remarks.—This species is remarkably distinct from any other member of

the genus, owing to the smooth, perforated plates, but superficially it closely

resembles arenata.

12
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Caudina pigmentosa.

Cnudina pigmentosa 1\. Ferrier, 1904a, p. 16.

Length.—125 mm., of which 55 are caudal appendage.

Color.—Grayish red.

Distribution.—Eeported only from Tierra del Fuego (Perrier).

Eemarks.—This is indeed, as Perrier says, a most remarkable and interest-

ing species, a puzzling connecting link between Caudina and Molpadia. The

tentacles and caudal appendage, as well as the basis of the curious de-

posits, ally it with Caudina, while the red phosphatic layers of the deposits are

very much like Molpadia. The longitudinal muscles show a tendency to form

retractors where they join the calcareous ring, and most remarkable of all is the

presence of a bunch of Cuvier's organs similar to those which Miiller describes

for chilensis. It is not impossible that this is simplj' an old and abnormal (per-

haps diseased) specimen of chilensis, but we are not justified at present in as-

suming that such is the case. Were it not for the red deposits, however, it is

not probable that any one would question the reference of this individual to

chilensis.

ACAUDINA, gen. nov.

(a, ]irivative, -j- raudinn: in refercnee In ilir marked iliffercnce from Caiiduia.)

Tentacles 15, with only two small digits. Body cylindrical, stout, not hav-

ing a caudal portion and not even tapering posteriorly. Radial pieces of cal-

careous ring with very conspicuous, bifurcated, posterior prolongations. Cal-

careous deposits in the form of thick plates, with few, small perforations and

a number of conspicuous, sharp projections. Phosphatic deposits wanting.

This genus is established for the following remarkable species, which is very

different in color, form, and calcareous deposits from any other member of the

family. Its relationships are very doubtful, though the calcareous particles seem

to ally it more closely with Caudina than with any other genus.

ACAUDINA DEMISSA.

Plate XII, Pigs. 3, 4.

Molpadia demissa Sluiter, 1901, p. 110; pi. iii, fig. 4. Calcareous particles, pi. x,

fig. 11.

Length.—160 nam., the diameter about 45.

Color.—Dark brown-violet, with irregularly scattered, oval clear spots,

caused by aggregations of the calcareous plates.

Distribution.—Reported only from Madura Strait, northeast Java, 330 m.

(Sluiter).
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Eemahks.—Although Sluiter had only a single specimen, he made such good

use of that one that we have a very satisfactory knowledge of the morphology of

this noteworthy holothurian.

EUPYRGUS Lutken, 1857.

Ecliinosoma Semper, 1868.

Tentacles 15, simi)le and without digits or ampullpp. Body tapering poste--

riorly into a short but distinct caudal appendage. Radial pieces of calcareous

ring with no posterior prolongations, or with very slight ones on those of the

ventral side. Longitudinal muscles simple and unpaired. Calcareous deposits

in the form of tables with perforated disc and high spire. Phosphatic deposits

wanting.

This interesting genus of very small holothurians was long monotypic, but

()stergren (:05/^) has recently added a second species. Although the tentacles

lack digits, Eupyrgus has little in common with Aphelodactyla and its relation-

ships are quite obscure. It is even a debatable question whether it has not

sprung from a different ancestry than that of the other Molpadiid;^. The type

species is a distinctly Arctic animal, but the recently discovered one is found

farther to the south. Verrill's ('85&) EcUinosoma ahyssicola, recorded from

off the New England coast in 3,718 m., is a simple nomen nudum, and is very

possibly an Echinocucumis or perhaps a Spha^rothuria.

Kky to the Speciks of ErPYRcrs.

Some or all of tlie calcareous tables stout, with disc 190-300 fi in diameter, perforated with

"20-30 (often fewer, rarely more) holes Scaber

Tables more slender, with l)ase 135-250 /*, perforated witli -10-GO (rarely fewer, often more)

holes pacificus

EUPYEGUS SCABER.

Plate XII, Figs. 16-27.

Kupijniiis scaber lAitken, 1857, p. 22.

Echiuoxoma hispidum Semper, 1868, p. 44.

Length.—9-12 mm., with a diameter of about 5.

Color.—Grayish.

Distribution.—Reported from between Port Hood, Cape Breton and eastern

point of Prince Edward Island, and ot¥ Bonaventure Island (Whiteaves) ; Sal-

mon Bay, Caribou Island and Long Island, Cateau Bay (Packard); southern

Labrador (Verrill) ; Greenhmd (Liitken, et al.) ; Spitzbergen (Ljungman, Theel,

et al.); Barents Sea (D'Urban et al.) ; Kara Sea (Stuxberg); Finmark (Nor-

man); and coast of Alaska (Clark, antea) ; in depths of 7-480 m. ; also from

Indian Ocean (Walsli).

Remarks.—Although long known, this species has been little studied and no

good iigures of the animal or its deposits were published until recently (Norman



180 THE APODOUS HOLOTHUKIANS

:03). Semper ('68) gives some good anatomical details, including a figure of the

cloaca, which shows the presence of five large calcareous plates, forming "anal

teeth" such as occur in Thyone briareus and some other holothurians. The re-

ported occurrence of this species in the Indian Ocean in comparatively shallow

water, hy Walsh ('91), is open to serious doubt, although Alcock (:02) seems to

consider the record correct. Koehler and Vaney ( :05) niake no reference to either

the species or the record, which is rather remarkable. In view of the fact, for

which- they vouch, that Walsh mistook a Protankyra for an Ankyroderma, we

may be pardoned for doubting his identification of an Indian holothurian as

Eupyrgus. In the Standard Natural History (Lockington '85), Eupyrgns

scaier is classed as an Apneumonous Apoda, and is said to be "the simplest of

all holothurians," although Semper 's figures were published nearly 20 years

before. It is unfortunate that such a blunder should occur in what is really a

"standard" natural history.

Eupyrgus pacificus.

Plate XII, Figs. 28-29.

Evpijnjus pacificus Ostergren, 1905?), p. cscvi. Calcareous ])articles, fig. 15.

Length.—3-7 mm., with a diameter of 2-3.

CoLOK.—Not given, but presumably grayish.

Distribution.—Eeported only from coast of Korea, 60-65 m. (Ostergren).

Remarks.—As Ostergren has compared his specimens, of which there were

three, with specimens of scaber of the same size, there is little reason to ques-

tion the validity of this species. It is possible, however, that a more complete

knowledge of individual diversity in scaber and of its geographical range may

show that pacificus is identical with it, particularly since scaber is now known to

occur along the Alaskan coast.

APHELODACTYLA, nom. nov.

(dc^cAos, not nmgli, simple, + SaKTvXa (poetic plural) finger.'*; in reference to tlii' undiviileil

tentacles.)

Ilaplodactyla Semper, 1868; uon Grube, 1840.

Tentacles 15, simple and without digits, but with ampulhp. Body more or

less tapering posteriorly, but there is no distinctly set-off caudal appendage.

Calcareous ring very broad, the radial pieces with evident, but short, posterior

prolongations. Calcareous deposits often wanting (usually present at extreme

posterior end), and when present relatively insignificant, in the form of small

oval or dumbbell-shaped bodies or perforated plates. Phosphatic deposits

wanting.

Semper's ('68) great monograph, with its wealth of anatomical (Retail, first

introduced this interesting genus to zoologists, but he unfortunately made use
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of Grube's name, which was really a synonym of Cnvier's genus Molpadia. As
Semper 's mistake has not hitherto been corrected, it is now necessary to give

the genus a new name. Geographically, Aphelodactyla is interesting because of

its very limited distribution. Although nine species or varieties have been

named, they are all from the East Indian region, extending only to Ceylon on

the west and to Waigiou Island, near New Guinea, on the southeast ; curiously

enough, the same species occurs at these two extremes. All are shallow-water

forms, occurring from about low-water mark to only about 60 m. The species

are all imperfectly known and it would not be surprising if future study of

sufficient material should show that there are only two, or perhaps three, distinct

species in the genus.

Key to the Species of Aphelodactyla.

A.—Skin more or less opaque and jiigmented.

B.—Calcareous particles sometimes wiinting, sometimes present only near cloacal open-

ing, sometimes frequent, especially posteriorly, in the form of small oval bodies,

and more or less irregular, perforated plates (plate x, figs. 4, 5).

Color uniform reddish violet or purplish; plates wlien present ratlier regidar,

thick, with few small perforations molpadioides

Color clear violet, marked with orange; plates when present very irregular,

sometimes with numerous perforations punctata

BB.—Calcareous particles small, oval, or thick C-sliaped, or dumbbell-shaped, bodies.

australis

A A.—Skin more or less glassy and transparent, sometimes without pigment.

Calcareous particles wliolly wanting pellucida

Calcareous rods with projecting knobs present near cloacal opening hyaloeides

Aphelodactyla molpadioides.

Plates III and X, Figs. 3-7.

Ilaplodacti/la molpadioides Semper, 18(38, p. 41 ;
pis. ix; x, figs. 2a, 4, 5, 9 ;

pi. xiii,

1-3.

Haplodactyla molpadioides sinensis Semper, 1868, p. 43. Calcareous particles, pi. x,

fig. 2 ;
pi. XIII. fig. 4.

Haplodactyla ecalcarea Sluiter, 1901, p. 118.

Length.—Up to 210 mm., with a diameter about one-fourth as much.

Color.—Uniform reddish violet or purplish.

Distribution.—Reported from Bohol and Cebu, Philippines (Semper)

;

China (Semper); Sumbawa. D. E. I. (Sluiter), and Ceylon (Bell).

Remarks.—Although so beautifully iigured and well described by Semper,

this species is still very unsatisfactorily known. Few sjiecimens are in collec-

tions and its relationships to other members of the genus are still much in doubt.

The single small specimen (35 mm.) taken by the "Siboga," and which Sluiter

named ecalcarea, seems to be most probably a young individual of this species.
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Aphelodactyla punctata.

HapJodartijhi panciata Sluiter, ISSS, |). 2(10. CaleareoTis particles, pi. ii, figs. 31-35.

Length.—Up to 160 mm.

Color.—Clear violet with orange blotdies and spots; tentacles colorless,

speckled with orange.

Distribution.—Eeported only from Batavia Bay and Samana Bay, D. E. T.

(Sluiter).

Remarks.—Thanks to Sluiter's ('88) investigations, we really know some-

thing ahout this species, which appears to be distinct from molpadioides,

though a sufficient series of specimens may show that the two are identical. It

is common in the mud of Batavia Bay, where it lives with only the cloacal

opening above the surface. It lives well in an aquarium, but remains buried

in the mud, showing the anterior end only at night. Respiration is slow, the

contractions and expansions of the cloaca only occurring two or three times per

minute. The calcareous deposits show a great deal of diversity in form.

Aphelodactyla australis.

Haploihirtjiln Jiolotliiiriuides f^eleuka {]\n]i Cuvier). 18(58, p. 115. Calcareous par-

ticles, pi. viiL figs. 13, 14.

HapJodaclyla audralis Semper, 1868, p. 233.

Haplodadi/la andamanensis Bell, 1887a, p. 139.

Length.—75-105 mm.

Color.—Coffee-brown, dusky brown, or reddisli gray.

Distribution.—Reported from Waigiou, northwest of New Guinea

(Selenka); Timor and Padang (Ludwig) ; Andaman Islands (Bell), and Cey-

lon (Thurston, Ludwig). Apparently the most widely distributed of the genus.

Remarks.—Very little is known of this species, beyond the existence of a

few specimens in European museums. I follow Ludwig in considering anda-

manensis synonymous w^ith australis, as he has examined several specimens and

his long experience makes him a safe guide; but the differences between

australis and molpadioides are not much greater than those which were sup-

posed to separate australis and andamanensis, so I am by no means sure that

the present species is tenable beyond question.

Aphelodactyla pelluctda.

HapJodadyla molpadioide.t pelluctda Semper, 1868, p. 43. Anatomical details, pi. x.

figs. 1, 3, 6.

Haplodactyla pellucida Sluiter, 1901, p. 117.

Length.—40-75 mm.

Color.—Not given; "glassy, transhicent" (Sluiter) ; Semper figures (Plate

X, fig. 3) a bright brownish-yellow pigment cell from the skin.
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Distribution.—Eepoi'ted from Bohol and Cebu, Philippines (Semper)

;

Saleyer, D. E. I. (Sluiter).

Remarks.—There seems very little reason for separating this species from

molpadioides, but Sluiter, who has probably studied more specimens of this

genus than any other zoologist, considers it recognizable, and we may well de-

fer to his judgment until further evidence is in. The reproductive glands are

said to be unbranched and the calcareous ring much narrower than in inol-

padioides.

Aphelodactyla hyaloeides.

IlaplodnciijJa hiialoeides Sluiter, ISSO, p. 345; pi. v.

Ilaplodactyla hnaloeides Sluiter, 1880, p. 345 ;
pi. v.

Length.—35 mm.
Color.—Colorless and glassy, like Salpa.

Distribution.—Eeported from Batavia (Sluiter) ; Amoy (Ludwig), and

Samana Bay, D. E. I. (Sluiter).

Remarks.—Although only four specimens of this remarkable species are

known, it would appear to be very distinct from any other member of the

family. The reproductive organs are well developed, so there is no good reason

for considering it immature. Besides the deposits near the cloacal opening,

Ludwig found branched rods in the walls of the genital tubes.

CERAPLECTANA Clark (antea, p. 39).

Tentacles 10, simple, unbranched, horny and pointed, provided with normal

ampullie. Body nearly cylindrical, but tapering posteriorly into a well-de-

veloped caudal appendage. Radial pieces of calcareous ring with marked, but

not deeply forked, posterior prolongations. Calcareous deposits in the form of

irregular branched plates or straight rods, perforated near the middle, and

usually with a single, sharp, outwardly directed spine. Phosphatic deposits

present.

The relationships of this curious genus are evidently with Molpadia, as

shown by the shape of the body, the calcareous ring, and the deposits in the

skin, but the tentacles are very distinctive. Koehler and Vaney ( :05) report

a Molpadia from the Gulf of Bengal {elongata) in which only 10 tentacles

showed, but they say nothing of the form or structure of those; the use of

the word "dix" looks very much like a slip of the pen, as no comment is made

on the unusual number.

Ceraplectana trachyderma.

Plate XIII, Figs. 5-13.

Ccmplectana trachyderma Clark (autea, p. 39).

Length.—Up to 80 mm., of which about one-fourth is tail; diameter, 10-

20 mm.
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Color.—Gray mottled with numerous small patches of red-browii.

Distribution.—Reported only from "Albatross" Station 3603, near the

Aleutian Islands, 3,188 m. (Clark).

Remarks.—This is one of the "Albatross' " most interesting discoveries in

the way of holothurians and adds another to the long list of remarkable ani-

mals acquaintance with which science owes to that vessel. The three specimens

taken occurred on a bottom of "blue ooze."

HIMASTHLEPHORA Clark (antca. p. 40).

Tentacles 15, with four digits of which the terminal pair are the largest;

without ampulLT. Body nearly cylindrical, rather stout, terminating abruptly

in a long, slender caudal portion. Mid-dorsal interambulacrum with 4-6 whip-

lash-like papillae. Rudimentary pedicel-like outgrowths near both the anterior

and posteiior ends of the body. Genital papilla prominent, 2 mm. or more in

length. Respiratory trees small and delicate. Longitudinal muscles simple,

flattened and unpaired. Calcareous ring of 10 pieces, rather stout and synapta-

like with no posterior prolongations. No calcareous or phosjihatic deposits in

skin. Careful examination of two specimens failed to show a stone-canal.

The specimens on which this ^euus is based were collected in 1886 and ex-

amined by me in 1900. In 1905 appeared the description of the following

genus, and it occurred to me at once that the "Investigator's" novelty is very

closely allied to this one discovered by the "Albatross," if not actually con-

generic with it. The most obvious ditfereuce between the two is in the shape

of the body—that is, the presence or absence of a caudal apjjendage. I con-

sidered it present very plainly in the four "Albatross" specimens, while

Koehler and Vaney consider it wanting in the two "Investigator" specimens.

I am now unable from the available material to satisfy myself beyond doubt on

this point. An apparent caudal appendage was present in all four specimens,

but the condition of the material was such that even the stained sections pre-

pared would not permit me to determine whether the appendage was a normal

outgrowth. covered with skin or an evagination of part of the alimentary canal,

which is unfortunately ruptured and macerated beyond satisfactory examina-

tion. The position of the clusters of pedicel-like outgrowths at the base of the

api^endage is suspicious, and a study of the description and figures given by

Koehler and Vaney increases the suspicion that the apparent tail is not a

normal outgrowth. On the other hand, its presence in all four specimens and

its general appearance argue in favor of its being a caudal appendage, es-

pecially since the respiratory trees were in their normal position in the body-

cavity. If the appendage were an evagination, it seems as though the respi-

ratory trees must have been injured or disturl^ed. Aside from this doubtful

appendage, Himasthlephora differs from Gephyrothuria in the number of digits



THE APODOUS HOLOTHURIANS 185

on the tentacles, the presence of a prominent genital papilla, the smaller

number of dorsal pai)il]a', and the presence of rudimentary pedicel-like out-

growths. None of these differences, however, will stand very critical examina-

tion, and if the two species are shown, by the collection and study of further

material, to be alike in the presence or absence of a caudal appendage, it seems

to me very probable that they are congeneric, and Himasthlephora must be-

come simply a synonym of Gephyrothuria. As regards the relationship of these

interesting holothurians to other genera, it seems to me clear that they are

closely related to Caudina, although in the unpaired longitudinal muscles, the

absence of tentaele-ampuUs, of posterior prolongations on the radial pieces of

the calcareous ring, and of phosphatic deposits they resemble Eupyrgus. They

certainly belong to the Molpadiidae. The number and form of the tentacles and

the general appearance is very characteristic, and the presence of rudimentary

ambulacral appendages is not of nearly sufficient importance to warrant the

formation of a new family. Gerould ('96) long since demonstrated their pres-

ence in Caudina arenata. It might be possible to form a subfamily of Himas-

thlephora and Gephyrothuria, but in the present imperfect state of our knowl-

edge of these forms, such a step seems to me inadvisable and undesirable.

Himasthlephora glauca.

Plate XIII, Figs. 1-4.

Himasthlephora glauca Clark (antca, p. 40).

Length.—28 mm., of which 9 is tail ; diameter about 8 mm.

CoLOK.—Uniform pale gray ; tentacles and genital papilla brownish.

Distribution.—Reported only from "Albatross" Station 2678, off the coast

of Georgia, 1,316 m. .(Clark).

Remarks.—Nothing remains to be added to the remarks on page 41, save

that this species appears to be much smaller and more dully colored than the

following, although the specimens were apparently sexually mature. They oc-

curred on a bottom of "light gray ooze," with which they must have corre-

sponded in color almost exactly.

GEPHYROTHURIA Koehler and Vaney, 1905.

Tentacles 15, with only two (?) digits, without ampullae. Body nearly

cylindrical, rather stout, with no caudal portion (!). Mid-dorsal interambula-

crum with 7-9 whiplash-like pai)illa?. Pedicel-like outgrowths and genital papilla

wanting. Calcareous ring without posterior prolongations. Calcareous and

phosphatic deposits wanting.

The peculiarities of this genus have been fully discussed in connection with

the preceding, to which it is at least most closely related.



isg the apodous hoi.dthurians

Gephyrothueia alcocki.

Gephyroihuria alcochi Koehler and Vaney, 1905, p. 79: pi. v, figs. 6-8.

Length.—Up to 50 mm., with a diameter of 17.

Color.—Eosy.

Distribution.—Reported only from "Investigator" Station 278, near Cey-

lon, 3,442 m. (Koehler and Vaney).

Remarks.—The larger size and brighter color distinguish this from the

similar species of the American coast, aside from the generic ditTerences

already discussed. The tentacles were so much contracted that it could not be

decided satisfactorily what the number of digits is.

CONCLTTDTNG REMARKS ON THE MOLPADTTD^.

Interreiationships.

Having thus characterized the 8 genera and 46 species of Molpadiidaj

known to science at the present day, it may be worth while to attempt to show

in graphic form the relationship which they have to each other. There is good

reason for believing that the ancestor of the group was a 15-tentacled pedate

holothnrian, ])robably one of the Cucumariid;p, or at any rate most nearly re-

lated to that family. Beyond this point our arrangement of the genera is

largely a matter of personal opinion; but there will probably bo general agree-

ment that Himasthleijhora is nearest to sucli an ancestral form, because of its

still possessing rudiments of pedicels, as well as dorsal papill:?, and its lack of

tentacle ampulhe; Gephyrothuria is of course very little further removed. But

the absence of calcareous deposits in the skin and of posterior prolongations to

the radial ]>ieces of the calcareous ring in these genera are probably not ances-

tral, but are more recent modifications. We may rank Acaudina next because

of the shape of the body, and follow with Caudina, the species with long and

distinct tails being farthest from the original form. It is natural to consider

Aphelodactyla as a modified Caudina, but it is probably just as near to Acau-

dina. The connection between Caudina and Molpadia is obvious and the divid-

ing line is hard to draw, while Ceraplectana is apparently a striking modifica-

tion of the latter. As for Eupyrgus, there is room for wide difference of opin-

ion, but it is apparently a much modified genus, which may have had a differ-

ent origin from the rest of the family, or may hav.e been derived from a form

near Gephyrothuria. Assuming that the latter has been the more probable

course of development, the relationships of the genera might then be repre-

sented as follows

:
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Molpadia
Ceraplectana

Aphelodactyla

Caudina

Acaudina

Gephyrothuria

Himasthlephora

15-tentaoled Cucumarian

Ancestor

Geographical Distribution.

In considering the distribution of the foregoing genera we will use the

same system that served us in the discussion of the Synaptida^, even though a

large proportion of the Molpadiidic are abyssal forms. We are at once struck

by the fact that there is no one particular region characterized by an exceptional

number of genera, although three occur in the Pacific Boreal subregion and
four in the Indo-Pacitic region; of the latter, two are characteristic, but of the

former there are none, although we might ignore the depth at which Cera-

plectana occurs and consider it a fourth and characteristic genus. Besides

Ceraplectana, two genera are exclusively Abyssal and two others occur in that

region. The most widely distributed genus, Molpadia, occurs in practically all

parts of the world where collections at depths of 200 m. or more have been

made, and Caudina also has a wide range, though it is properly a littoral genus

with only two abyssal species, and a distribution much like Chiridota (see p.

133) ; but Molpadia is strictly littoral only in the case of a very few species, and

chiefly in the Arctic or Antarctic regions. The following table will show these

facts of distribution in a convenient way ; an * indicates that the genus is char-

acteristic of the region, * * that it is not found elsewhere ; the figures in paren-

theses indicate the number of species occurring in that region or subregion:

Abyssal Region:

* Molpadia (16).
** Ceraplectana (1).

** Gephyrothuria (1).

** Himastlilephora (1).

Caudina (3).

Indo-Pacific Littoral Region:
** Aphelodactyla (5).

** Acaudina (1).

Caudina (1).

Molpadia (12).

Atlantic Boreal Subregion:

Eupyrgus (1).

Molpadia (4).

Caudina (1).

Arctic Circumpolar Subregion:

Eupyrgus (1).

Molpadia (2).

Pacific Boreal Subregion:

Eupyrgus (2).

Caudina (1).

Molpadia (3).
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Anlantic Littoral Region: East American Littoral Region:

Caudina (3). Caudina (1).

Molpadia (3). Mediterranean Suhregion:

Molpadia (1).

^Yest American Subregion:

Molpadia (2). ?

Guinea Suhregion

:

Molpadia (1). ?

We know too little of the range of the great majority of the species to make
profitable or worth while any attempt at a study of their distribution. It might

be added, however, that the MolpadiidiB afford no support to the so-called

"theory of bipolarity," for the southern species of Molpadia and Caudina are

perfectly distinct from the northern forms, and there is no representative of

Eupyrgus or of Ceraplectana in southern seas.
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EXPLANATION OF PLATES

Figures on the following plates, whicli are not new, are credited to tlm author

from whom they are taken, but such figures are not always copies ; they are some-

times reduced in size and the shading is often modified ; occasionally details are

changed to make the figure more representative of the species which it illustrates.

Where the magnification of the original figure was not given, it has been esti-

mated as nearly as possible from the data available, but a question-mark indicates

the uncertainty.

Plate I. (See frontispiece, facing page 11.)

Sjinapia maculata (Chamisso and Eysenhardt).

Figure 1. Anterior end of adult, with verruca:', natural size. (From Semper, 1868.)

2. Anterior end of adult, without verrucw, natural size.

Plate IT. (See page 42.)

Figure 1. AnaIlia gracilis Semper.

2. Protanliijra similis (Semper).

3. Chiridota rigicla Semper.

All natural size and from Semper, 1868.

Plate III. (See page 135.)

Aphrlodactijla molpadioidcs (Semper)

.

Adult, natural size. (From Semper, 1868.)
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Plate IV.

Synaptin^.

Figures 1-7. Protarikyra duodactyla, sp. nov.

Figure 1. Adult. X 3.

2. Kadial and interradial pieces of calcareous ring. X 20.

3. Anchor. X 156.

4. Anchor-plate, as they most commonly appear. X 156.

5. Fully developed anchor-plate. X 156.

6. Early stage of development of anchor-plate. X 156.

7. Supporting rods from tentacles. X 156.

Figures 8—11. Protanl'yra ahymcola (Theel).

Figure 8. Anclior. X 85.

9. Anchor-plate. X 85.

10. Tentacles. X 20.

11. Supjjorting rods from tentacles. X 156.

Figures 12-14. Prutanliyra hrychia (Vcrrill).

Figure 12. ~A.nchor. X 55.

13. Anclior-plate. X 55.

14. Miliary granules. X 156.

Figures 17-19 and 26. Si/napta maculata (Cham. & Eys.).

Figure 15. Anchors. X !'5.

16. Miliary granules. X 95.

Figures 17-19 and 26. Synapla maculata Cham. & Eys.

Figure 17. Anchor. X 65 (?). (From Theel, 1886a.)

18. Miliary granules or rosettes. X 400 (?). (From Theel, 1886a.)

19. Anchor-plate. X65(?). (From Theel, 1886a.)

26. Ciliated fimnel from body-cavity. X 500. (From Semper, 1868.)

Figures 20-22. Pohjpledana kefersteinii (Selenka). X 95. (From Semper, 1868.)

Figure 20. Anchor-plate.

21. Miliary granules.

22. Anchor.

Figures 23-25. Eiiapla lappa (Miiller). (From Theel, 1886a.)

Figure 23. Miliary granules or rosettes. X 300 (?).

24. Anchor-plate. X 225 (?).

25. Anchor. X 225 (?).
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Plate V.

Stnaptin^.

Figures 1-13 and 23. Leptosynapta acanthia (Clark). Except Fig. 32, from Clark, 1899a.

Figure 1. Large anchor. X 90.

2. Large anchor-plate. X 90.

3. Small anchor. X 90.

4. Small anchor-plate. X 90.

5. Abnormal anchor. X 90.

G. Double plate with twin anchors. X 90.

7. Miliary granules from anterior part of body. X 450.

8. Sliliary granules from posterior part of body. X 450.

9. Supporting rods from tentacles. X 450.

10. Interradial and radial pieces of calcareous ring. X 10.

IL Small ciliated funnel from body-cavity. X 90.

12. Large ciliated funnel from body-cavity. X 90.

i;^. Part of body laid open to show stomach and line of ciliated funnels. Natural

size.

22. Gustatory organs on tentacles, a. Group id' 5, scon from above, h. One, seen

from side. X ''0.

Figures 14, 18, 19, and 20. Lfptosynapta inharnis ((). F. Jliiller). ( Fmm Clark, ISI)!)?).)

Figure 14. Padial and interradial pieces of cahareous ring. X 45.

18. Supporting rods from tentacles. X 450.

li). Miliary granules from longitudinal muscles. X 450.

20. Large ciliated funnel from body-cavity. X 125.

Figures 15, 16, 17, and 21. Leptosynapta roseola Verrill. (From Clark, 18996.)

Figure 15. Supporting rods from tentacles. X 450.

16. Badial and interradial pieces of calcareous ring. X 45.

17. Miliary granules from longitudinal muscles. X450.
21. Large ciliated funnel from body-cavity. X 337.

Figure 23. Anchor-plate of Labidoplax bjishii (Mcintosh). (From Brady and Pobertson,

1871.)

24. Anchor-plate of Euapta (jldbra (Semper). X 95. (From Semper, 1868.)

25. Anchor-plate of Labidoplax dubia (Semper). X 95. (From Semper, 1868.)

26. Anchor-plate of Protanhjra challengeri (Theel). X 170 ? (From Theel, I8860.)

27. Anchor-plate of Labidoplax sluiteri Fisher. X 100 ? (From Sluiter, 1901.)

28. Anchor-plate of Labidoplax dubia (Semper). X 200 ? (From Theel, 1886a;

inceria.)

29. Anchor of Protanhyra vcrrilli (Theel). X HO ? (From Theel, 1886a.)

30. Miliary granules of Protanhyra bidcntaia (W. and B.). (a. From Theel, 1886a;

distincta. X 400 ? 6. From Semper, 1868; molesta. X 95. c. From Lud-

wig, 1875; distincta. X 70.)

31. \iwhov oi Protanhyra autopista (v. Mar.). X 150. (From v. Marenzeller, 1881.)

32. Anchor of Protanhyra insolens (Theel). X 50 ? (From Theel, 1886a.)

33. Anchor-plate of Protanhyra rodea (Sluiter). X 25. (From Sluiter, 1890.)

34. Accessory perforated plate of Prolanhyra tudwigii (Sluiter). X 300. (From

Sluiter, 1890.)

35. Accessory perforated plate of Protanhyra asymmctrica (T/udwig). X 180. (From

Ludwig, 1875.)

36. Anchor of Protanhyra asymmetrica (Ludwig). X ''O. (Prom Ludwig, 1875.)
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Plate VI.

Synaptin^.

Synaptula hydriformis (Lesueur). (Prom Clark, 1808a.)

Figure 1. Segmenting egg; 33-cell stage. X 225.

2. Blastula. X 225.

3. Pentactula larva. X 225.

4. Ten-tentacled young. X 23.

5. Adult animal. Natural size.

6. Adult, opened to show inner organt^. Natural size.

7. Radial piece of calcareous ring. X 35.

8. luterradial piece of calcareous ring. X 35.

9

10

11

12

13

b. From tentacles

Stages of development of a piece of the calcareous ring. X 225.

Anchor. X 120.

Anchor-plate. X 120.

Anchor-plate. X 120.

Miliary granules. X 225.

14. Calcareous rods. X 285. a. From around madrepore plate.

of a 10-tentacled larva.

15. Vertical section through eye-spot. X 950.

16. Horizontal section through positional organs and nerve. X 500.

17. Vertical section through a sense-jjapilla and its ganglion. X 500.

18. Vertical section through base of a tentacle, to show arrangement of parts. X 35.

19. Tentacle. X 22.

20. Cross-section of young tentacle, to show separation of digit-canals from tentacle-

canal. X 225.

21. Cross-section of body-wall. X 80.

22. Monstrous twin larva. X 225.

The following explanatory letters are used on this plate:

AO=atrial opening.

BV^l:>lood-vessel.

CF^=ciliated funnels.

CM=circular muscles.

CE=calcareous ring.

CT=connective tissue.

Cart. K.^cartilaginous ring

Cir. C.=circular canal.

Ect.=ectoderm.

Epid.=epiderjnis.

Epith.^^epithelium.

GG=genital gland.

ga.=ganglion.

LM=longitudinal muscles.

LGO=larval glandular organ.

M^mouth.

Mes.^mesenchyme.

My.=mesentery.

NE=nerve ring.

N=nerve.

Oes. N.=oesophageal nerve.

0=positional organs.

PT^primary tentacle.

I'V^polian vessels.

HN=radial nerve.

SC=stone canal.

SO=secondary outgrowth of hydrocoel.

TC^canal of tentacle.

TN=tentacle nerve.

TV=tentacle blood-vessel.

V=valve.

WP=water pore.
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Plate VII.

Chiridotin^.

Figures 1-4. Trochodota venusta (Seraon). (From Semon, 1887.)

Figure 1. Adult animal. X 30.

2. Piece of calcareous ring. X 120.

3. Sigmoid body. X 500.

4. Supporting rod from tentacle. X 500.

Figure 5. Sigmoid bodies of Scoliodota japonica (v. Marenzeller). X 200 (?). (FromTh6el,

1886a.)

.Figures 6 and 7. Trochodota purpurea (Losson). X 230. (From Ludwig, 1898&.)

Figure 6. Sigmoid bodies.

7. Supporting rod from tentacle.

Figures 8-13. Tceniogyrus contortus (Tiudwig). (Fig. 8 from Theel, 1886a;

others from Ludwig, 1898&.)

Figure 8. Wheel. X 250 ( ?)

.

9. Sigmoid body, with ends curved in planes at right angles to each other. X 230.

10. Sigmoid body, with ends curved in same plane. X 230.

11. Sigmoid body, same as Fig. 9, seen from side. X 230.

12. Supporting rod from tentacle. X 230.

13. Oral disc of larva at 7-tentacled stage, showing origin of sixth and seventh tenta-

cles simultaneously in the lateral interradia. X 48.

Figures 14-18. Polycheira rufescens (Brandt). (From Semper, 1868.)

Figure 14. Tree-like cluster of ciliated funnels from body-cavity (Chirodota variabilis Sem-

per). X 95.

15. Wheel (Chirodota variabilis Semper). X 260.

16. Curved rods from skin {Chirodota variabilis Semper). X 260.

17. Part of calcareous ring (Chirodota variabilis Semper). X 5 ( ?)

18. Tentacle, a= half expanded; 6= contracted (Chirodota patwnsis Semper).

X5(?)

Figures 19-23. Anapta gracilis Semper. (From Semper, 1868.)

Figure 19. Calcareous deposits from skin. X 260.

20. Eadial and interradial pieces of calcareous ring. X 5 ( ?)

21. Tentacle, showing digits and gustatory organs. X 10 ( ?)

22. One gustatory organ from side. X 230 ( ?)

23. Ciliated funnel from body-cavity. X 95.

Figures 24 and 25. Chiridota marenzelleri K. Perrier. (From R. Perrier, 1905.)

Figure 24. Wheel-papilla. X 10.

25. Stellate miliary granules. X 330.

Figures 26-29. Chiridota rigida Semper. (From Semper, 1868.)

Figure 26. Wheel. X 260.

27. Curved rods from skin. X 260.

28. Ciliated funnel from body-cavity. X 260.

29. Calcareous ring, oesophagus and water-vascular ring, with its appendages.

X10(?)
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Plate VIII.

Myriotrochin^.

Figures 1-G. Acanthotrochus mirabilis Dan. and Kor. (From Dan. and Kor., 1882.)

Figure 1. Adult. Natural size.

2. Adult. X 5 ( ?)

3. Tentacle. X 100 (?)

4. Small wheel. X 300 (?)

5. Large wheel. X 185 ( ?)

6. Calcareous ring, anterior view. X -^5 ( ?)

Figures 7-14. Trochoderma elegans Theel. (From Theel, 1877.)

Figure 7. Adult. Natural size.

S. Tentacle, with calcareous ring, positional organs, and radial nerve. X 100 ( ?)

Figures 9-12. Successive stages in development of wheel. X 300 ( ?)

Figure 13. Wheel, seen from the side. X 425 ( ?)

14. Calcareous ring, side view. X 35 ( ?)

Figures 15-30. Myrioirochus vitreus (M. Sars.). (From Kor. and Dan., 1877.)

Figure 15. Adult, partly contracted. Slightly enlarged.

16. Adult, fully extended. Slightly enlarged.

Figures 17-19. Wheels. X 140 ( ?)

Figure 20. Calcareous ring from dorsal side. X 3 ( ?)

Figures 21-22. Myrioirochus rinkii Steenstrup. (From Dan. and Kor., 1882.)

Figure 21. Adult, extended. Natural size.

23. Wheel in normal position in skin. X 175 ( ?)
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Plate IX.

Caudina.

Figures 1-5. Caudina ohesacauda, sp. no

Figure 1. Adult. Natural size.

2. Eadial and interradial pieces of calcareous ring. X 5.

3. Perforated plate from anterior part of body. X 600.

4. Normal closed cups. X 600.

5. Imperfect cup. X 600.

Figures 6-8. Caudina planaperiura, sp. nov.

Figure 6. Adult. X 2.

7. Eadial and interradial pieces of calcareous ring. X 5.

8. Perforated plates from skin. X 156.

Figures 9-13. Caudina contractacauda, sp. nov.

Figure 9. Adult. X 2.

10. Eadial and interradial pieces of calcareous ring. X 5-

Figures 11-13. Closed cups. X 600.
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Platk X.

MOLPADIID^.

Figures 1, 3, and 11. Caudina arenala (Gould). (From Gerould, 181)0.)

Figure 1. Adult, laid open to show internal organs. Xatural size.

2. Anterior end, showing tentacles and digits. X 5-

11. Calcareoiis table from skin. X 280.

Figures 3-7. Aphelodactyla molpadioidcs (Semper). (From Semper, 1868.)

Figure 3. Calcareous ring. Enlarged ( ?)

4. Rosettes. X 260.

5. Buttons. X 260.

6. Calcareous particles from wall of cloaca. X 260 (?).

i. Calcareous particles from wall of stonuich. X 260.

Figures 8 and !). Molpadia tridcns (Sluitcr). (From Sluitcr, 1901.)

Figure 8. Anchor. X 260 ( ?)

9. Anchor-plate ("rosette"). X 260 (?)

Figure 10. Cuviers organs of Caudina cMlensU (Miiller). X 50 (?) (From Miiller, 1854.)

12. Calcareous table of Caudina albicans (Theel). X 280. (From Gerould, 1896.)

13. Calcareous plate of CaM(itnacaZi/orntVa (Ludwig.) X 230. (From Ludwig, 1894.)

14. Calcareous tables of Molpadia odlifica (Pourtales). X 130. (From Dan. and

Kor., 1882.)

15. Tables of Molpadia andamanensis (Walsh). X 150. (From Koehler and Vaney,

1905.) a. Table of body, seen from above, i. Same, seen from side. c.

Table from caudal region.

16. Tables of Molpadia similis (Theel). X. 160 ( ?) (From Theel, lS86rT.)

Figures 17 and 18. Molpadia marocrana (!>. Perrier). X 70.

(From E. Perrier, 1903.)
^

Figure 17. Table with numerous holes in disc.

18. Large perforated plate.

Figure 19. Rod from tail of Molpadia perforala (Sluiter). X 175 (?) (From Sluiter,

1901.)

Figiires 20 and 21. Molpadia granulata (Ludwig). X 115. (From Ludwig, 1894.)

Figure 20. Table from caudal region, a. Disc. h. Spire.

21. Table from body. a. Disc. h. Spire.

Figure 22. Table of Molpadia dispar (Sluiter). X 130 ( ?) (From Sluiter, I'.Mil.)

23. Anchor-plate of Molpadia marenzcllcri (Theel). X 160 (?) (From Theel,

1886a.)

24. Characteristic 3-armcd table (from abovi') o{ Molpadia hrevicaudata (Kochhv and

Vaney). X 150. (From Koehler and \aney, 1905.)

25. Anchor-arms of Molpadia polijmorjihn (Koehler and \'ancy). X 15"- (From

Koehler and Vaney, 1905.)
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Plate XI.

MOLPADIID^.

Molpadia musculus Eisso.

Figure I. Ailult, with unusually long caudal appendage {Anl-iirudcrma spinosum Ludwig).

8. Calcareous rin^ {Troclwstomaviolace urn ^iwAev). X5 (?) (Prom Theel, 1886a.)

;i. Water-vascular and reproductive systems, with oral disc and oesophagus [Troilio-

stoma violaceum Studer). X 2 (?) (From Theel, 1886a.)

4. Tables (Trochostoma violaceum Studer). X 100 (?) (From Theel, 1886a.)

5. Young table {Anhjroderma spinosum Ludwig). X 95. (From Ludwig, 1894.)

6. Fusiform bodies or rods {Trochostoma violaceum Studer). X ''0 (?) (From

Theel, 1886a.)

Figures 7 and 8. Peculiar fusiform rods {Trochostoma violaceum Studer). X 70 (?)

(From Theel, 1886a.)

Figures 9-12. Tables {Anl-yroderma spinosum Ludwig). X 95. (From Ludwig, 1894.)

Figure 13. Fusiform body from tail {Anhyrodrrma spinosum TiVtiwig). X 95. (From Lud-

wig, 1894.)

14. Colored phosphatic deposits {Trochnsloma violarciun Studer). X 70 ( ?) (From

Theel, 1886a.)
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Plate XII.

MOLPADIID^.

Figures 1 and 2. Molpadia arcnicola (Stimpson).

Figure 1. Eadial and interradial jiieces of cak-areuus ring. X -i-

2. Perforated plates from caudal region. X 156.

Figures 3 and 4. Acaudina demissa (Shiiter). (From Sluiter, 1901.)

Figure 3. Calcareous ring. X 2 (?).

4. Calcareous plate from skin. X 360 ( ?)

Figures 5-15. Molpadia intermedia (Ludwig).

Figure 5. IJosette of 6 plates, with anchor. X 55.

6. Eosette of 5 plates. X 55-

;. Eosette of 4 plates. X 55.

8. Eosette of 3 plates, with broken anclior. X 156.

9. Eosette of 2 plates. X 55.

10. Late remains of a rosette. X 55.

11. Later remains of a rosette. X 55.

13. Last remains of a rosette. X 55.

13. Calcareous ring. X 4.

14. Perforated plate from anterior part of Ixidv. X 156.

15. Table seen from side. X 230. (From Ludwig, 1894.)

Figures 16-37. Eupi/rgiis scaber Llitken.

Figure 16. Adult. Natural size.

17. Oral disk with retracted tentacles. X 5.

18. Anal opening, showing anal teeth. X 5.

19. Part of calcareous ring. X 10 (?) (From Semper, 1868.)

20. Interradial piece of calcareous ring from outer side. X 20 (?) (From Semper,

1868.)

21. Interradial piece of calcareous ring from within. X 20 (?) (From Semper,

1868.)

22. Tentacle. X 10.

23. Tables, seen from above. X 125.

24. Spire of table, from side. X 125.

25. Tables, according to Barrett, 1857.

26. Cloaca and rcspiratorv trees. X 10 (?) ( Froni Semper. ISGS.)

27. l)i( (if body-wall, to show simple loiigiiudinal musi-lcOiaiul. X 70.

Figures 28 and 29. Enpi/rgus pacificus Ostergreu. X 125. (From Ostcrgren, 19056.)

Figure 28. Ta!)les from above.

29. Spire of table from side.
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Plate XIII.

MOLPADIID^.

Figures 1-4. Himasthlephora gJauca, sp. nov.

Figure 1. Adult. X 5.

2. Radial and interradial pieces of calcareoiis ring. X 10-

3. Transverse section of body-wall through base of a dorsal papilla, showing connec-

tion between lumen of papilla (a) and ampulla (fe).

4. Transverse section of body-wall, somewhat posterior to preceding, showing ampulla

{a), radial water-vessel (6), and longitudinal muscle (c).

Figures 5-13. Cerapledana trachyderma, sp. nov.

Figure 5. Adult. Natural size.

G. Oral disc, showing tentacles. X 4.

7. Eadial and interradial pieces of calcareous ring. X 5.

Figures 8-13. Calcareous deposits from skin. X "^0.

Figure 13. Spire, seen from side. X "O.

Figures 14r-22. Molpadia amorpha, sp. nov.

Figure 14. Adult. Natural size.

Figures 15 and 16. Normal tables. X 600.

Figures 17-21. Other calcareous particles from skin. X 600.

Figure 22. Phosphatic deposit. X 156.
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INDEX.

Pages on wliicli tlie descriptive aeeounts of families, genera and species occur are indicated by blacli-

faced type.

abyssicola (Cliirodota), 110.

" (Echinosoma). 179.

" (Protanliyra). 22, 25, 99, 105.

" (Synapta), 1(I5.

" (Trochostoma), 157.

acantliia (Leptosynapta), 87, 92.

" (Synapta), 82.

Acanthotroclius, 12, 1.3, 17, 22, 46, .52, 127, 129, 130,

131, 133.

Acaudina, 20, 22, 135, 13(i, 15(5, 178, 186, 187.

Achiridota, 17, 22, 112, 126, 131, 1.33.

.\ctinopoda, 13, 135.

.\ctinopodida, 13.

aeuleata (Protanlvyra), 99, 101, 105.
" (Synapta), 104.

acutuni (.\nkyroderma nuisculus), 165.

aflfinc (Ankyroderma), 163.

aflinis (Molpadia), 31, 1.5S, 163, 164.

agassizii (Ankyroderma), 169.

" (Molpadia). 159, 169.

" (Synapta), 78.

albatrossi (Protankyra), 100.

albicans (Caudina), 37, 173, 17i, 175.

(Synapta), 88.

" (Trocliostoma), 37, 174.

albopuiictata (Chondrocl(i>a), 84.

alcocki (Gephyrotliuria), 22, 186.

amboinensis (Chiridota). 117, 118.

" (Cliirodota), 117.

amorpha (Molpadia), 31, 158, 164.

Anactinopocla, 13.

Anactipoda, 13.

Anapta, 12 13, 16, 17, 22, 71. 109, 111. li'.l, 133.

andamanense (Trocliostoma), 162.

andamaneiisis (Haplodactyla), 182.

(Molpadia). 1-58, 162, 163, 168, 170.

Ankyroderma, 12, 13, 18, 19, 142, 156.

antaretiea (Molpadia), 32, 36. 144, 159. 16:;, 168.

antareticiim (Trochostoma), 162, 168.

Aphelodactyla, 20, 22, 143, 149. 1.53, 1.54. 1.55, 156,

180, 186, 187, 188.

Apneumona, 11, 12.

Apneumones, 11.

Apoda, 12, 13.

Apodes, 11, 13, 14.

Apodia, 11.

arctica (Haplodactyla), 169.

(Molpadia), 31. 32, 36, 1.59, 163, 16S. 169.

arctieiim (Trochostoma), 169.

arenata (Caudina), 22, 36, 37, 38, (1. 1:15. 146, 147.

149, 1.50, 1.51, 1.52, 154. l"

(Thirodota), 20, 171.

17:i. 174, 177, 185.

arcuicola (Liosoma), 145, 171.

(Molpadia), 33, 1.59, 171.
" (Trochostoma). 171.

armata (Caudina arenata), 37, 174, 175.

aspera (Chondrocloea), 85.

Aspidochir, 113.

AspidoehirotiP, 21.

astrolabi (Synapta), 78.

asymmetriea (Protanlcvra), 100, 107.

" (Synapta), 107.

australiana (Chiridota), 17.

" (Chirodota), 122, 124.

australianus (TiPniogyrus), 22, 29, 121, 122, 125.

australis (Aphelodact.vla), 181, 182.

" (Haplodactyla), 182.

" (Molpadia), 20, 175.

autopista (Protankyra), 99, 103.
" (Synapta), 103.

ayresi (Synapta), 88.

" (Trochostoma), 157.

bachei (Synapta), 87.

bankensis (Protankyra), 100, 108.

" (Synapta), 108.

benedeni (Protankyra), 100, 106.

" (Synapta). 106.

bergensis (Synapta), 91, 92,

beselii (Chondrocloea), 78.

" (Synapta), 15, 78, 79.

bicornis (Protankyra), 26, 98, 101.

bidentata (Protankyra), 99, 102.

" (Synapta), 102.

bifaria (Synapta), 88.

blakei (Molpadia), 33, 159, 168, ir,9.

" (Trochostoma), 168.

borealc (Trochostoma),-^32, 160, 169.

liorealis (Molpadia), 31, 36, Kin, Kis.

brevicanda (Caudina coriacea), 175, 176.

brevicaudata (Molpadia), 160, 171.
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roretzii (Ankyroderma), 164.

" (Haplodactyla), 164.

(Molpadia), 158, 163, 164.

roseola (Leptosynapta), 53, 87, 90, 93.

" (Synapta), 93.

rotifera (Chiridota), 29, 52, 53, 59, 66, 113. 114, 115,

126.

" (Chirodota), 115.

" (Synapta), 115.

rubeola (Chiridota), 113.

ruber (Rhabdomolgus), 22, 57, 112.

rufescens (Chiridota), 17, 120.
" (Chirodota), 120.
" (Polycheira), 22, 120.

rugosa (Caudina), 175, 176.

sarniensis (Synapta), 91.

saruiensis (Synapta), 91.

scaber (Eupyrgus), 22, 39, 179, 180.

scabruni (Trochostonia), 162.

Seoliodota, 17, 22. 112, 125, 131, 133.

serpentina (Euapta), 70.

" (Opheodesoma), 74, 75, 76, 84.

" (Synapta), 76.

sibogio (Protankyra), 101.

" (Protankyra challcugeri), 100.

Sigmodota, 13, 16, 17.

simile (Ankyroderma), Ki.'i.



INDEX 231

similis (Molpadia), 158, 163, 164.

" (Protankyra), 100, 109.

(,Syuapta), 109.

sinensis (Haplodaetyla niolpadioiiles), 12, 181.

sitchiWise (Liosoma), 120.

slnitori (Protankyra), 98, 101.

spectabilis (Opheodesuina), 22, 74, 75.

Splift^rotliuria, 179.

spinosa (Trochostoma soabruin), 102.

spinosiiiu (Aiikyroderiua), o4, l!.T, l(i."i. lii(>.

striata (Choudroclcea), 84,

" (Synapta), 84.

stiililnianni (Chiridota), 114, 115.
" (Chirodota), 11.5.

studeri (Chirodota), 124.

" (Sigmodota), 124.

(Trochodota), 124.

studcrii (Chirodota), 122.

subtilis (Anapta), 109, 110.

siispccta (Protankyra), 99, 103.

Synapta, 11, 12, 13, 15, l(i, 22, 23, 43, 44, 54, 5.5,

71, 78, 81), 131, 133.

Synaptu-, 11.

Synaptida, 14.

SynaptidiV, 11, 12, 13, 11, 15, 21, 22, 41, 42, 130, l:U,

139, 140, 142, 143, 144, 148, 150, 155, 187.

Synaptin.ie, 11, 13, 15, 16, 22, 70.

Synaptula, 11, 12, 16, 22, 43, 44, 46, 54, 71, 80, 131,

132, 133.

Tieniogyriis, 17, 22, 43, 44, 112, 118, 121, 131, 133.

tenora (Labidoplax). 91.

(Synapta), 94.

tentaciilata (Holothuria), 78.

tenuis (Fistularia), 76.

" (Leptosynapta), 88.

" (Synapta), 88.

theeli (Myriotroehus), 128, 129.

thomsonii (Labidoplax), 25, 94, 97.

" (Synapta), 97.

" (Trochostoma), 143, 160.

Tiedemannia, 80, 81.

tigillum (Chirodota), 119.

timida (Protankyra), 100.

Toxodora, 16, 17, 22, 112, 125, 131, 133.

trac-hydernia (Ceraplectana), 22, 39, 183,

triiU'ns ( Ankyroderina), 172.

(Molpadia), 160, 172.

tristis (Protankyra), 99, 105.

Trochinus.
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A CONTRIBUTION TO THE COMPARATIVE
HISTOLOGY OF THE FEMUR

By J. S. FOOTE, M. D.

I. INTRODUCTION

The investigations in the Comparative Histology of the Femur were begun

by the writer in 1909, and were suggested by a section of the turkey's femur

which he had casually prepared and which seemed to show a type of bone

structure quite unlike tliat usually described. Before long, other ] )eeuliarities

were noticed and it was then decided to extend the study to various animals for

the purpose of determining what variations of bone structure may exist, and, if

possible, what is their significance. Accordingly, the femora of 46 different

animals, including amphibians, reptiles, birds, mammals, and man, were ex-

amined as they could be obtained and described, the report being published in

the Transactions of the American Miscroseopical Society of April, 1911.' The
number of femora examined up to that time was small, nevertheless the results

of the work were so new and interesting as to warrant further study.

Following the report and upon the suggestion of Dr. Ales Hrdlicka, curator

of the Division of Physical Anthropology in tlie United States National Museum,

the writer extended his investigations to a much greater number of orders,

genera, and species of the lower animals, and finally also to the three main

races of man—black, yellow-brown, and white—the latter including the ancient

Egyptian. An abstract of the results of the advanced investigations was pub-

lished in 1913 by the Smitlisonian Institution.' The studies, however, were still

continued as long as material was available and finally have been combined in

this memoir which presents a comprehensive view of the whole work thus

far accomplished. In all, 600 sections have been examined; of these 440 are

described.

The present report includes, besides the text, 467 drawings. Tliey were

made, for the most part, directly from the slides with the help of the Edinger

Drawing Apjjaratus, and are illustrations of the structural bone units, of the

types and combinations of bone types in their various stages of dil'ferentiation,

' Foote, J. S. Tlie comparative histology of femora! bones. Trans, Amer. Micras. Soc, 30, 1911,

pp. 87-140, 9 plates.

- Foote, J. S. The comparative histology of the femur. Smithsonian Miscellaneous Collections,

Vol. 61, No. 8 (Publication 2232), Washington, 1913, pp. 1-9, 3 plates.
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and of the arrangements of types as they would appear in reconstructed femora.

The exact number of histologic bone units of any section does not, and obviously

could not, appear in the drawings. The writer's endeavor has been to represent,

in a comprehensive way, the development, proportions, and arrangements of

these units, rather than their exact number.

It was also found impracticable to make the drawings of the various bone

sections to a definite, uniform scale, the femora ranging from 0.5 mm. to 13 cm.

in diameter. Microphotographs were essayed, but were found unsatisfactory.

The various diameters of the examined femora, their medullary canals, and

medullary indices are given in the synoptic tables and also in the text at the

beginning of each detailed description. The sections and measurements were

made invariably at the middle of the shaft of the bone.

The femur was selected for these studies rather than any other bone of tlie

body, because it is of good size, because it is in fairly constant use, and on

account of its being the sole bone of an important segment of the body. It is,

in other words, a good representative bone and perhaps the best adapted to the

investigations of this nature.

The illustrations have, generally, been grouped according to the structural

relations of the bones.

The type or combination of types of structure which any bone was observed

to present will be found noted in the tables, so that by a glance at these there

may be readily obtained a comprehensive view of the grouping of tlie femora of

the various animals.

The femora examined and included in this report are those of amphibians,

reptiles, birds, mammals, and man. Fetal, young, adolescent, adult, and senile

femora of the same species were examined whenever possible, and, when circum-

stances allowed, observations were also made on other bones of the body. All

sections were carefully ground to proper thinness and mounted in liard balsam.

IL SUMMARY OF RESULTS

As the mass of detailed observations which follow will be consulted in

special instances only, it may be convenient to the reader to liave a general

summary of the principal results of the study presented at this place instead of

at tlie end of the work.

The microscopic structure of a long bone described by the early liistologists

happened to be that of a third or Haversian system type, and it has been

assumed, perhaps without a more defiinte reason, that all long bones have the

saine structure. From an examination of a large number of femoia it is evi-

dent that they liave not.

If there is any one distinctive characteristic of bone structure shown by the

present investigation, it is that of extensive variation, variation ilue to heredity.
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to age, size and strengtli of the bone, and possibly to other conditions. It is

certainly safe to say that few long Iiones, and particularly femora, have pre-

cisely the same structure, and yet, through all their diversity, tliere can be

perceived certain definite, readily recognizable strains, which are found not

only peculiar to separate groups of animals, but also to definite stages of

ditTerentiation.

The summary which follows will be treated under the following headings:

General shape.

Relation of structure to shape.

Density of bone.

Measurements.

Medullary index.

Medullary canal.

Medullary contents.

Medullary surface.

Cancellous bone and trabeculae.

Variety of minute structure of tlie wall of the femur.

Units of bone structure.

Bone cells—lacunae.

Dendrites and canaliculi.

Ditferentiated bone units—Lamellae.

Uniformly lamellated bone.

Twofold division.

Threefold division,

riaminae.

Haversian system.

Types of bone structure.

Frequency of the occurrence of types.

Type combinations.

Type of bone structure according to classes of animals.

The factors influencing tyi)es of bone structure as could be determined from

the grade of the animal.

Geographic position.

Sex, age, function, individuality, liealth and disease, heredity.

Senility.

General Shape of the Femora of the Lower Animals

By the shape of the femur is understood the shape of the cross-section of

the bone at its middle. That this sliape of the shaft of the femur varied con-
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siderably in man was long since shown by Hrdlicka.' The present studies

demonstrate that it ditTers also in animals. In general it is represented by the

same geometrical types as in man, being triangular, elliptical, round, quad-

rangular, and plano-convex. Also, as in man, besides the femora which are

fairly true to a type, there are others which are irregular or indeterminate in

shape and do not admit of any definite classification.

Generally speaking, liowever, tliere was one particular shape which was

more prominent than any other, and that was the elliptical. This was found

to be true of the majority of adults among amphibians, reptiles, birds, bats, and

other mammals, and, therefore, was the most common shape of femur below man

as far as these examinations were concerned. The differences in the leng-ths

of the two main diameters were usually small, the lateral diameter being gen-

erally the longest; in only a few specimens—as in the femur of the seal—were

the lateral diameters greatly in excess of tlie aiitero-posterior. The femora of

the Hyla cinerea, Erinaceus europeus, Tatu novemcinctus, Castor canadensis,

and Rhinoceros hicornis had very long posterior, lateral, curved or straight

ridges and differed very materially from other femora. The variations from

the circular and elliptical shapes were in a measure dependent upon the develop-

ment of tlie Ihiea aspera. In some femora this was absent; in others it was

fairly well developed; and in still otlnu-s its development was extreme. In the

table which follows will be found the various shapes of the femora of the lower

animals expressed in percentages:

SHAPE OF THE SHAFT OP THE LOWER ANIMAL FEMUR AT THE MIDDLE

No. of
femora

examined
Triangular

Per cent

Amphibians
Reptiles
Birds
Bats
Other Mammals.

39
34
40
55

133

Totals. 301

26
29
12

21

17

II \
III

Elliptical
I

Round

Per cent Per cent

41

53
52
72
53

28
9

18

25
15

50 25

IV
Quad-

rangular

Per cent

V
Indeter-
minate

VI
Piano-
Convex

Per cent Per cent

15

3

6

0.7

Rel.\tion of Steuctuee to Sh.\pe

As far as present investigations are coueerned, no special relation of the

histologic structure of the femur to the shape of its shaft has been determined.

The prolonged posterior ridge of the triangular sections is due to the linea

aspera, and wherever the latter is well developed macroscopically it is com-

posed of Haversian systems regardless of the type of the rest of the bone.

As will be seen later, the linea aspera seems to have a development quite

distinct from the rest of the femur.

' See in this connection, Hrdlicka, A.—Typical forms of shaft of long bones. Proc. Amer. Assoc.

Anatomists, 14th Sess., 1900 (Washington, 1901). pp. 55-69.
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Density of Bone

This quality of bone was estimated by its weight and the subjective feeling

experienced during the process of grinding, and was found to be far from

uniform. Hardly any two bones were the same in this respect. Some were

heaxj and others were light; some were hard and others were soft. In some,

one portion of the wall was hard and another was soft, and in still others there

were soft and hard spots. Tlie femur of tlie hippopotamus was extremely heavy

and exhibited a stone-like quality in grinding, while that of the peahen, turkey-

buzzard, or eagle was light and had a flint-like character. Many mammalian
and human femora were found to vary greatly in the densities of the different

portions of their wall. The outer was soft and the inner hard, or vice versa.

This was noticed more especially in human femora. Many human bones also

had small areas of unequal hardness which were sometimes accounted for by

senile changes. Finally, sections of some femora—as those of the elk—seemed

to show an extremely brittle character.

In some cases these inequalities could be explained by histological varia-

tions; while in others the chemical character of the inorganic compound seemed

to govern the hardness. As a rule, first and second type bones (lamellar and

laminar) ground more easily tliau tliird (Haversian system), as might be

expected. But the femur of the ])eahen had flinty hardness and yet showed an

incomplete second type of structure. This could only be explained by some

peculiarity of its inorganic composition.

Measurements

The following measurements of each cross-section were taken: the antero-

posterior and lateral diameters of the bone and the same diameters of the

medullary canal. All measurements were recorded in millimeters. The results

will be found in the synoptic tables and also at the beginning of each detailed

description. The measurements will give a correct impression of the relative

diameters of the shafts of the various femora, and upon them are based the

calculated ratios of the medullary canals to their respective bones.

Medullary Index

The ratio of the square of the mean diameter of the medullary canal to

that of the surrounding bone, as determined from cross-sections of the middle

portions of the various femora, is referred to as the medullary index. It has

been calculated from the formula below.' The individual indices will be found

a and 6 are the long and short diameters of the medullary canal

respectively. A and B are the long and short diameters of the bone

=R. respectively. R is the ratio of the medullary canal to the bone.

The calculations were made by William P. Rigge, S. X, Professor of

Astronomy, Creighton University, Omaha, Nebraska.
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in percentages in the synoptic tables and text. Bj^ an examination of these

indices it will be seen that the medullary canals of the various femora do not

bear a constant relation to the bones, but present very important variations.

In some bones the canals are relatively large and in others they are relatively

small. The larger the canal in a given species the thinner the wall of bone,

and vice versa. There are also some individual variations within each species,

and quite noticeable differences in tliis respect between the young, adult, and

senile bones.

The averages given below show that the medullary indices of the different

classes of animals and even in man vary considerably

:

Per cent

Amphibians 36.6

Reptiles (including turtles) 26.1

Reptiles (excluding turtles) 33.0

Birds 159.0

Bats 48.6

Other mammals 63.3

Black race 41.9

fj,„-
Yellow-brown race 43.8

'

"I
Ancient Egyptian 39.5

Modern white race 35.8

Human race as a whole 38.6

Looking over the above averages it will be noticed:

First.—That the lowest index is found in the reptiles where it is 26.1%.

The average index of the class of reptiles is lowered by the turtles, in most of

which the index is zero. In the turtle femora the medullary canals are occupied

by heavy cancellous bone with very small meshes filled with marrow. Observed

with the naked eye these bones appear to be solid. If the turtles are excluded

the average reptile index is 33% instead of 26.1%. As far as the medullary

canals are concerned, both in regard to their contents and indices, those of the

turtles do not resemble those of other reptilian genera in any respect. Com-

paring the indices of the amphibians with those of the reptiles, it will be seen

that the index falls quite sharply or that the medullary canal diminishes and

the mass of bone increases markedly from amphibian to reptile.

The highest average index is found in birds, where it is 159%. Fi-om this

it will be seen that the medullary canal increases relatively in size and the bone

decreases in mass enormously from reptile to bird. In proportion to their

weight, the birds have less bone than amphibians or reptiles. The index is

higher in those birds which have empty medullary canals (226.4%) thah in

those which have full canals (149.7%). That is, the femora with empty canals

have thinner walls in relation io tlie size of the bone than those with full canals.

Second.—The mean index falls, to a marked degree, from birds to mammals,

or from 159% to 63.3%. The index in bats is 48.6%., and in mammals without

the bats 63.3%. That is, the canal is smaller and the walls of the bone are
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tliieker in mammals than in birds, and the canal is smaller and the walls are

thicker in bats than in other mammals.

Third.—The medullary index in the human race, as a whole, is 38.6% and,

therefore, much lower than in other mammals, in which it averages 63.3% ; that

is, the medullary canal is relatively smaller and the wall of the bone thicker

in bipeds which carry the weight of the body on two legs than in c^uadrupeds

which carry the weight on four. The three races, however, show slight varia-

tions. In all, 139 human femora were examined—34 black, 23 Indian (pre-

Columbian), 9 ancient Egyptian, and 73 modern white. Their respective indices

were 41.9%, 43.8%, 39.5%, and 35.8%,. From these it will be seen that the index

is higher in the ancient tlian in the modern white femora (counting the Egyptian

as of white race), and lower in the modern wdiite (35.8%) than in the modern

black (41.9%) or the pre-Columbian Indian (43.8%). That is, the canal is larger

and the mass of bone smaller in ancient (Egyptian) than in the modern white

femur, and the canal is relatively smaller and the bone larger in the modern

wliite than in the modern black race or the pre-Columbian Indian. The smallest

canal and thickest wall were found in the modern white, and the relatively

largest canal and thinnest wall in the Indian. Some of these detailed differ-

ences may, of course, be purely accidental, due to the insufficient number of

specimens, or other conditions; but they are of sufficient interest to warrant

further observations.

Medull.aey Canal

The canal jiresents many peculiarities in position, shape, size, surface, and

contents.

In some femora it is situated eccentrically. This is more especially true of

human fetal bones, where the canal occupies the anterior half of the cross-

section. It is also true in many adult femoi'a of the triangular shape and third

(or Haversian) type. In femora of the first type of structure (the lamellar),

the canal is situated almost centrally, as such femora do not often have a well-

defined linea aspera. In still other cases it is situated obliquely, as in some

human femora.

The shape of the canal seldom corresponds with llie peripheral outline of

the bone, and the wall of the femur, therefore, is not of uniform thickness

excepting in round bones with central canals, and these are generally limited

to small femora, to those of the young, and to simple tj^jes. In adult bones,

the canal varies considerably in shape. In some bones it is nearly circular with

fairly regular outlines, as may be seen in the small first type (lamellar) femora

like those of the bats. In others it is elliptical or irregnilar, regardless of the

shape of the bone, as in some human specimens.

2
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In size the canal presents several peculiarities. Some femora have rela-

tively very small, and others very large canals. In some cases it is reduced to

extremely small dimensions, as in the amblystoma, turtles, yellow-hammer, and

some embryonic mammals. It reaches its greatest relative size in birds and its

smallest in amphibians and reptiles.

Medullary Contents

The contents vary. Some medullary canals are full of marrow, as those

of amphibians, of reptiles, and of bats ; some contain cancellous bone and mar-

row, as those of man; some have trabeculae, as those of the peahen, eagle, and

turkey-buzzard. In birds an important variation is found. About one-half of

their femora have canals full of marrow, while the remaining half are either

empty or contain trabeculfe only. The full or empty condition of the canal

seems to bear no relation to the flight of the bird. The peahen is a poor flier

and has an empty canal, and the eagle is a good flier and has an empty canal.

The wild goose is a good flier and has a full canal, and the domestic turkey ' is

a poor flier and has a full canal. The peahen and domestic turkey may be

thought to exhibit the flying habits of domestication; but these birds show two

opposite conditions of medullary contents—the peahen has an empty canal and

the turkey a full canal. Similar results are also observed in the wild and

domestic turkeys. Both have full canals although they differ greatly in their

abilities to fly. Again, in some birds, as the yellow-hammer, pigeon, and white

pelican, the medullary canals are occupied by a heavy cancellous bone with

small meshes and present the appearances of nearly solid bones, and yet these

birds are good fliers. Generally speaking, the medullary canals of amphibians,

reptiles, mammals, and man are full, while those of the birds examined are

about equally divided. In most cases the canals were filled with yellow marrow.

A few, however, were full of red marrow.

Medullary Surface

The medullary canals present a variety of surface. In some instances, as

in the peacock and eagle, there is seen extending inward from the wall of the

femur an intricate network of trabeculfe, which increases in complexity toward

the epiphyses. The surfaces in the larger mammals and in man are generally

irregular, from the presence of ridge-like projections.

In many instances the medullary surface is smooth, as in the whole class of

amphibians, in lizards, and in bats ; while in other cases it is rough, uneven, or

irregularly corrugated. This is especially true of the larger mammalian femora.

' The humerus has an empty canal crossed by trabeculse.
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Cancellous Bone and Teabbcul.e

Cancellous bone is a special form of first type bone characterized by an

arrangement of lamelte enclosing more or less irregularly shaped meshes filled

with marrow. The character of the framework varies in the different femora.

In some, as in the turtle, it forms a thick, heavy framework with very small

meshes (pi. 4, fig. 67). In others, as in some birds, mammals, and in man, it is

found as a delicate interwoven lacework with large meshes. In fetal human

femora and in the bone of repair there is a channeled bone substance in whicli

irregularly shaped meshes are present.

Cancellous bone, filling the medullary canal, has a wide distribution in the

femora of animals. It is found in all classes from amphibian to man, but does

not occur in the majority of the species. It was present in only one amphibian,

absent in the lizards, present in the turtles, present in a few birds—yellow-

hammer, pelican, and domestic pigeon—in many mammals, and in nearly all

human femora. It was not found in the order of bats.

Trabecvlce.—Bone trabeculae are composed of a few lamellae with long nar-

row lacunfB and branching canaliculi, with or without Haversian systems.

In those bones which have marrowless medullary canals, trabeculse form an

interlacing network, as in the peahen and turkey-buzzard. The trabeculse ex-

tend transversely from wall to wall, or more or less up and down toward the

epiphyses of the bone. Near the extremities they generally foi-m a labyrinth, as

in man. The femora having trabeculae are generally thin-walled.

The medullary canals which do not contain marrow have networks of tra-

beculae, while those with marrow have cancellous bone or not, according to the

animal.

Trabeculae are very infrequent in amphibians, reptiles, mammals, or man,

and reach their greatest degree of frequency in birds.

Variety of Minute Stbucture of the Wall of the Femuk

We may now approach the minute structure of the wall of the femur.

There is no one type of structure which characterizes all the femora of any

single species of animal. Some individuals in each species will sliow single,

pure-type bones, while others, and tliese are generally in the majority, present

combinations of types. A great variety of combinations occurs. All bones con-

sist of the same fundamental structural units, but these are combined and

arranged in many ways and in different proportions. Three pure types and

several combinations of types, in some stage of differentiation, are more clearly

distinguishable and will be defined below.
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The Units of Bone Structure

The imits of boue structure are divisible iuto tlie basic and the differeuti-

ated. The basic uuits are the bone substance proper and in a measure also the

individual bone cell with its dendrites or tlie lacuna with its canalieuli. The

ditferentiated units are the lamella, the lamina, and the Haversian system.

But little needs to be said in this place about the basic units. The bone

substance behaves passively and is wholly subject to the acti^'lty of the cells.

While the cells with their processes are the all-important, living, constructive,

and destructive parts of the bone, they change and act in ways that are, as yet,

largely obscure. Certain modifications in their characteristics have, however,

jjeen observed in the course of the present work and will be mentioned in the

proper place.

Bone Cells—Lacun.e

Bone cells or osteocytes have formed, and in fresh bone occupy the small

spaces called lacuna;. The latter vary in shape from round and oval to long

and narrow. Many femora have both. The round lacunae characterize espe-

cially the young bone, while the long prevail in l)one which is fully formed. The

denser the bone, the more probability there is that it will present the long, nar-

row lacunae, while in the rarer, Init not senile bone substance, the round and oval

forms are more abundant (pi. A, figs. A, B, C).

Dendrites and Canaliculi

The dendrites are processes which extend outwardl\' from the boue cells,

the canaliculi being minute canals in the bone substance for the accommodation

of the dendrites. In a cross-section of the femur, the exposed canaliculi are

seen to vary considerably. In some cases they are short, branching, and bushy

in appearance, while in others they are long and but slightly branched. The

former belong to the round or oval, the latter to the long and narrow lacuna*

(pl.A,figs.A,B,C).

Differentiated Bone Units—Lamellae

Although bone first appears as a basic or undifferentiated substance in

very young embryos and possibly in the more primitive forms of the lower

classes of animals, in the course of time it manifests a tendency towards dif-

ferentiation. Perliaps the earliest sign of such tendency is indicated by the

concentricity of the lacuna> and next by the formation of what are known to tlie

histologist as lamellae (pi. A, fig. F).

A lamella can, at present, only be defined as a simple, separate layer of

bone. The exact mode of its formation is not as yet known, but it must, of course,

be the product of the progressive activity of the bone-forming elements. The
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lamellsB themselves follow several lines of differentiation. Three distinct forms

may be distingnished. They are as follows

:

XTNIFORMLY LAMELL.\TED BONE

Bones of this character, after their development has reached its limits, are

composed entirely of concentric lamellae. The structure is uniform in all parts

of the section. The lacume are oval or long- and narrow (pi. A, fig. E; pi. 2,

fig. 7).

TWOFOLD DIVISION

A further stage of differentiation is found in many femora in which a two-

fold division has occurred; that is, the section is composed of wide external

and very narrow internal lamellar rings in contact with each other (pi. 2, fig. 9).

THKEEFOLD DIVISION

In some femora the lamelhu are separated into three concentric rings. The

external ring is narrow, the central wide, and the internal again narrow (pi. 2,

fig. 27).

Lamellae appear as the most prominent structures in amphibians, reptiles,

bats, and in early fetal liuman femora.

Laminae

The lamina, as used in this memoir, is a larger and more complex bone

layer than the lamella. It is composed of a variable number of concentric

sheaths of lamellas surrounding the bone or its medullary canal, l)ut the char-

acteristic feature is that it is separated from adjacent structures by systems

or plexuses of vascular canals extending in a direction parallel with the medul-

lary and external surfaces of the bones. It occurs in birds, mammals, late fetal,

and early childhood, and is often, though not invariably, a stage in the dif-

ferentiation of bone from the first to the third. It reaches its highest degree

of development in mammals (pi. A, fig. J; pi. B, figs. 2, 5).

Haversian Systems

The Haversian systems are more or less cylindrical shaped complexes of

varying diameters composed of concentric lamellae enclosing a central or Ha-

versian canal. They extend in a direction parallel with the long axis of the bone,

and in sections cut at right angles are circular in outline. In many cases, how-

ever, and perhaps in the majority, their directions are considerably modified and

instead of extending in directions parallel with the long axis they run tortuous

courses (pi. A, fig. F; pi. B, figs, o, fi).
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Haversian systems, foreshadowed iii a few ami^hibians, somewhat advanced

in some reptiles and birds, much more completely differentiated in the lower

mammals, become fully developed in man.

Types of Bone Structure

The most interesting and unexpected fact which has been brought out by

the investigations herein reported is the existence, in the femur as well as in

other bones of the body, of three distinct, easily separable tj-pes of minute bone

structure, corresponding, respectively, to the lamellar, laminar, and Haversian

system stages of differentiation. These may occur alone, but are very fre-

quently found in various though in general readily analyzable combinations.

The types may be called the primary, intermediate, and advanced; or

simply the lamellar, laminar, and Haversian system types. More conveniently

tliau either, perhaps, they may be designated as the first, second, and third

types respectively. They are shown in plate A, figures 1, 2, 3; plate B, figures

1, 2, 3 ; microscopically and grossly in plate B, figures 4, 5, 6.

These types of bone structure are, in the main, nothing but various stages

of osseous development. They do not represent radically distinct varieties of

bone, but rather consecutive stages of differentiation of one and the same funda-

mental variety which underlies bone structure in all the terrestrial vertebrates.

The bone structure advances from simj^le to more complex in conformity with

definite laws which affect all the organisms possessing a skeleton, and the pro-

cess is never reversed. The main types of bone structure that were determined

may be defined briefly, as follows

:

THE first type

This is composed of basic, or but moderately differentiated, bone substance,

enclosing more or less numerous lacunae, from which radiate scant to numerous

minute canaliculi. The lacunae are generally round or oval in shape, and their

canaliculi are mostly short and bushy. The lacunie may or may not occupy a

definitely concentric position (pi. A, fig. D). In the more advanced stage the

lacunar assume a concentric arrangement, change in shajie to a longer and

narrower form, their canaliculi become longer and straighter, and the basic

bone substance becomes separable into parallel layers, which are the lamellae.

Here development in many species stops (pi. A, figs. E, F). The first t\^je of

bone, therefore, is one varying from wholly basic, unorganized bone substance

with no perceivable systematic arrangement of the cells, to that showing dis-

tinct lamellation with varying lacunae and canaliculi. The most advanced and

characteristic bone unit is the lamella (pi. A, fig. F; pi. B, figs. 1, 4).

The arrangement of the lamellae is mostly concentric about a larger or

smaller canal (pi. A, fig. E), but in some localities in a bone—as in the areas
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among the Haversian systems—tlie lamellae are fragmentary-like and short, and
may be straight or curved. On cross-section the individual lamellaj are seen

to be, generally, of uniform thickness. Their ventral and dorsal surfaces, on

the whole, are regularly shaped, and the edges of the cross-sections are finely

serrated. The separate lamelte are joined by cement. They may constitute

the whole bone structure in a given specimen (pi. A, fig. E), or only a part of it;

they may surround the Haversian canal and form the basis of the Haversian

system, being then known as Haversian lamellae (pi. A, fig. F) ; they may en-

close the whole medullary canal, in which case they are known as internal cir-

cumferential lamellae ; or, finally, they may form the external boundary of the

bone, where they are known as external circumferential lamellae. The lamella,

therefore, may be considered as the primary differentiated unit of bone struc-

ture—the first to appear in progressive development. Bone cells, represented

by lacuna, may occur within the lamellae or between them (pi. A, fig. F
;
pi. B,

figs. 1,4).

It is interesting to notice that the first type bone unit (lamella) is found,

in some form, in all femora from amphibians to man, and, as already pointed

out, it may vary in its degree of dift'erentiation. According to such differentia-

tion, the lamellae may become the foundation of the second and third type bones.

The differentiation gives rise to three subtypes of lamellated bone: The uni-

formly lamellated, found in many of the amphibians, reptiles, birds, and bats,

but not in the higher mammals or man' (pi. 2, fig. 7) ; the tivofold, which was
seen in amphibians, reptiles, birds, bats, and in a few mammals, but not in adult

man (pi. 2, fig. 9) ; and the threefold, which occurs in amphibians, reptiles, birds,

and bats, but not in the higher mammals or man (pi. 2, fig. 27).

The principal interest in these secondary differentiations of a first type

bone lies in the fact that they indicate the manner of origin of divisions which

are so frequently present in the higher and later third type or Haversian sys-

tem bones. In these the outer and inner lamellar rings are known as the

external circumferential and internal circumferential lamelte, while the central

broad ring has differentiated into Haversian systems. In some stage of dif-

ferentiation, the first type bone is found in all femora as an important structure,

and, therefore, may be considered as universal.

THE SECOND TYPE

This is composed of laminae in some stage of differentiation, arranged

concentrically around the medullary canal. While Haversian systems may be

present here and there, the lamiuai dominate and characterize the bone struc-

ture. The degree of differentiation present varies. In some cases it is only a

' Of the total 440 femora examined, 19 per cent were composed entirely of uniformly lamellated
bone and were limited to amphibians, reptiles, and bats. (See table, p. 17.)
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little in advance of the lamellar tj^pe; in others the advancement is more pro-

nounced; while in still others the type appears to liave reached its limits of

development (pi. A, figs. H, I, J; pi. B, figs. 2, 5).

The exact mode of development of the lamina, as in the case of the

lamella, has not yet been traced. Laminae show incomplete and complete stages

of differentiation.

Incomplete: In some cases, as in birds, basic bone substance is partially

sepai'ated into indistinct lamime by a few, short, vascular canals having general

concentric positions. The lacuna are round or oval and the canaliculi are short

and bushy and rather infrequent (pi. A, fig. H). In other cases the concentric

canals are lengthened and arranged in the form of a more or less complete

plexus, iu the elongated meshes of which laminai are more clearly seen. The

lacunae are oval and the canaliculi are very numerous and reticular iu arrange-

ment (pL A, figs. I or 2).

Complete: In still otlier eases the vascular canals form more or less com-

plete circuits, and the laminte are well defined iu clearly differentiated sheaths,

with completely develojied lamellae and long lacunae with straight canaliculi, and

are pierced quite regularly by vascular canals extending transversely (ijI. A,

fig. J; pLB, figs. 2, 5).

The laminae have more individuality than the lamellae, and in a dried femur

of the second tyjie they can be scaled off one after another. They are fairly

uniform in thickness, but in the incomplete stage vary considerably in the

length of their segments. The laniinje were first observed in two amphib-

ians, occurring singly in the femora of the Bufo americana and Hyla gratiosa

(pi. 2, fig. 14; 1)1. 3, tig. 36). In both of these bones they were only fairly well

developed and occupied irregiilar positions in reference to the medullary and

external surfaces. In the alligator and some turtles they alternated with con-

centric rings of crude Haversian systems. But it is in birds that laminae first

become prominent as units of bone structure. In these animals the structure

of the femora examined presented stages of differentiation varying from a

very incomplete to an advanced, but not complete, character. It is not until

the laminae reach the class of mammals that they show their highest develop-

ment, so that in birds they appear to occupy a transitional position. In fact

it is not difficult to distinguish between these units of the bird and the mammal
by the incomplete character of the concentric canals and the early differentia-

tions of the lacunae which are present in birds, and the complete concentric

canals iind liigher grade lacunar differentiations which are present iu mammals.

THE THIRD TYPE

This type is composed of Haversian systems as the main units of structure.

These systems form the whole bone or a larger proportion of the same. Nar-
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row external aud iuterual sheaths of circumfereutial lamellae often surround
the bone aud its medullary cavity, but the characteristic structural units are
the Haversian systems. The type presents two stages of differentiation—the
incomplete (I) (pi. A, figs. K, L, M), and tlie complete (C) (pi. A, figs. N or 3;
pi. B, figs. 3, 6). The incomplete differentiation is further divisible into three

sub-stages which are indicated in the synoptic tables and text as the la, lb, and
Ic stages (pi. A, figs. K, L, M). These stages can be readily distinguished micro-

scopically, and may all occur in a single bone. As a matter of fact, it is often

impossible to include all Haversian systems of a bone under any one stage of

differentiation. Term (la) signifies early, (lb) intermediate, and (Ic) the late

stage of incomplete differentiation. When tlie process of differentiation is

completed, the Haversian system is referred to as (C) (pi. A, fig. N).

Ill, la.—This was first observed in a few of the amphibians. In the femora
of these animals the system was merely a minute, more or less irregularly

shaped, canal, extending in a direction parallel with the long axis of the bone.

In cross-section the canal was round, oval, or irregular in shape and surrounded
by a small, clear, more or less circular area of bone substance, across which

were seen a few caualiculi on tlieir way from neighboring lacunse. That is,

they were not concentrically arranged aud appeared to be independent of the

canal with the exception of a slight connection by means of the caualiculi. The
figTire presented merely a suggestion of an Haversian system. This, stage of

development was found in all classes of animals from amphibians to man. Its

characteristic structure may be seen by referring to plate A, figure K.

As one studies the many sections in which this stage is found it is clearly

evident that it is associated with the earlier periods of development both phylo-

and ontogenetically, since the Haversian canal alone is present, and this occurs

in the lamellar areas of the bone. There seems to be no particular relation of

the canal to adjacent lacunae.

in, Ih.—This stage represents a morphological advancement characterized

by a more definite relation of neighboring lacunae to the Haversian canal, and

by more extensive communication of the bone cells of the lacunae with the Ha-

versian circulation. The result is that the Haversian system is fairly well out-

lined. As this stage is but a step in advance of (la) it might be expected to

appear in any femur in which (la) is present, and to a certain extent this is

true. It was observed in all classes of animals excepting amphibians and birds

(pL A, fig. L). It w^as first seen in some of the reptiles, such as the turtles.

In these femora the canal was surrounded by a clear, circular area of bone

substance, and the lacunae were arranged concentrically around the circum-

ference of the area. There was a noticeable increase of the caualiculi passing

from the lacunae to the canal. The whole figure presented a circular form and

the Haversian system could be clearly distinguished.
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III, Ic.—This stage of Haversian development may possibly occupy a transi-

tional position between the early and late differentiations, although it does not

resemble either one very closely. It differs from botli in the intricate character

of the canaliculi, and in some respects suggests as early a develoijment as that

seen in (la) or (lb). The Haversian canal is regular in shape and small in

size. The lacunae have assumed a definite concentric arrangement around the

canal, and, with their bushy, branching canaliculi forming a delicate network,

occupy the clear area of bone substance referred to under (la) and (lb). The

structure has taken on the definite form of an Haversian system and presents

a peculiar dull character by which it may be identified anywhere (pi. A, fig. M).

This stage was observed in birds only and is easily recognized.

in, C.—This is the completely differentiated Haversian system and belongs

to the higher mammals and man. In this stage the dim characters of the in-

completely differentiated systems have disappeared. The outlines and struc-

tural units of the Haversian systems are clearly distinct. The canaliculi are

slightly wavy and parallel (pi. A, fig. N).

Such systems were not found below the mammals nor in the lower mam-

mals, such as the monotremes, marsupials, and some of the edentates and

Chiroptera, but were always present in the higher mammals and adult man.

Therefore it seems safe to regard tliis form as the Haversian system of the

latest differentiation.

The Haversian system in early or late stages of differentiation, appears

also in all classes of animals ; but there are wide and often characteristic dif-

ferences in the variety and extent of such bone. In the amphibians it is merely

an outline, but in its extension through the reptiles, birds, and mammals to man,

it presents phases of an advancing differentiation. The lower the class the

earlier the stage, and the higher the class of animals the more complete the

stage of development of the Haversian systems. The development seems to

be one of a transformation of the first bone type into a third by some ijlau of

arrangement, since a complete Haversian system is composed of concentric

lamellas enclosing an Haversian canal. The earlier stages are generally found

in all classes of animals in which the first type bone is present as a character-

istic structure, and the later stages are found more especially in those classes

in which the first type is disappearing or has disappeared.'

" In addition to the ordinary method of Haversian system development one or two other peculiar
forms were observed. In a fractured femur of a frog the upper and lower fragments were united by
new bone formed around them. The new bone was cancellous or channeled in character and In some
of the meshes lamellEe were concentrically deposited until the meshes were filled with the exception
of small canals in their centers. The results, at least in appearance, were Haversian systems tpl.

A, fig. O; pi. I, figs. 5, C, E, F). Such results were rather unexpected since there was no structure
in the original femur which in the least resembled an Haversian system or even cancellous bone.

Another peculiarity was observed in some second type (laminar) femora, as those of the domestic
pig and wild boar. In these bones small, circular enlargements of the concentric canals between the
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FeEQXJENCY OF OCCURKENCE

The distribution of the three types of bone, tlieir stages of development,

and divisions may be seen in the following table:

DISTRIBUTION OP THE THREE BONE TYPES AND THEIR DIFFERENTIATIONS

Type

Number of femora examined.. .

Lamella', uniform throughout. .

Lamella', twofold division

Lamellfe, threefold division....

Lamellae as cancellous bone. .. .

Lamellie as important bone
structure

Amphib-
ians

II. LaminiB, incomplete differen-

tiation
Lamina;, complete differentia-

tion
Laminie as important bone

structures

III. Haversian system, la

Haversian system, lb

Haversian system, Ic

Haversian system, C
Haversian system, incomplete

differentiation

Haversian system, complete
dilferentiation

39

Per cent

2C
ijl

20
3

i
100

i

5

5

21

n

CI

21

Reptiles

34

Per cent

60
17

6

17

100

9

9

21

23

52

Birds

40

er cej

30
7.5
5

5

47

25

25

5

7

82

Bats
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Type Combinations
'

In a large number of femora the three structural types—first, second, and

third—are seen represented simiiltaneouslj^ in various proportions and form

what may be called type combinations. As a rule, in these combinations,

the various types occupy similar positions in all the adult femora that present

such combinations. Usually first and second type constituents surround the

femur peripherally and encircle also the medullary canal, while the third type

bone forms the central portion of the sections. The bone units in these cases

show varying stages of development.

While the single types occur as the sole structures in the femora of some

amphibians, reptiles, birds, mammals, and man, a large number, perhaps the

majority, are composed of various combinations of these types. There may be

a marked difference in the degrees of differentiation present in the several

structural units in the same bone.

About GOyo of the whole number of femora examined presented combina-

tions of bone types. The first and third were found in association in the

largest number.

Type of Bone Structxtee According to Classes of Animals

amphibians

In these animals tiie type of bone present in the various species showed

generally evidences of a progressive character in the structural units. There

was observed a change in the shape of the lacuna? from round to long and nar-

row, in the caualiculi from short and bushy to long and straight, and in the

arrangement of the lacuna> from diffuse to concentric. There was also noticed

'The most common type combinations are as foUows:

/-//. This combination is composed of lamellae and laminae. It is seen more especially in fetal

femora. In young bones the lamellae generally occupy the peripheral portion of the bone, and become
separated into lamins nearer the medullary canal. As differentiation advances, much of the first type

(lamellar) structure changes gradually into that of the second type (laminar) (pi. C, fig. 1).

/-///. This is a combination of lamella; and Haversian systems. The lamellae form a sheath of

varying thickness around the bone and enclose either wholly or partly a ring of Haversian systems,

also of varying thickness. The Haversian systems may be of any grade of differentiation (pi. B, fig. 7;

pi. C, fig. 2).

II-III. This is a combination of lamina and Haversian systems. The laminae, generally, form
thin, concentric sheaths around a stout ring of Haversian systems (pi. B, fig. 8; pi. C, fig. 3). Here
again the Haversian system may be of various grades of differentiation. If the laminar structure

is of advanced type, the Haversian system is also; but if it is not, the Haversian system appears
in some of its earlier forms.

I-II-III. This is a combination of lamella, laminae, and Haversian systems. The simple lamellae

are generally located externally, the laminae more internally, and the Haversian systems form the

central portions of the bone. Tlie Haversian systems may be of any grade of development. As a rule,

the lamellae and laminae are well developed or fairly well developed in these forms of bone, while the

Haversian systems vary considerably in their degree of differentiation (pi. B, fig. 9; pi. C, fig. 4).
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the separation of the uniformly lamellar wall into two and three concentric

divisions, the presence of lamina? in Bufo anicricana and Hyla gratinsa, and the

appearance of Haversian canals of the (la) differentiation in the Surinam and

other toads (pis. 2-3, figs. 6-39).

REPTILES

The reptiles seem to be divided in the matter of bone differentiation into

two groups—the division occurring between the lizards and the turtles. The

first group, which includes the lizards, is characterized by the first type bone

structure and the second, including the turtles, by the first and thii-d. Belonging

to the lizard group in their type of bone were the femora of the Python regius,

which were composed of crude first type structure with a twofold division.

The femur of the alligator represents a later differentiation than that of the

lizards and snakes, inasmuch as the second and third types have appeared.

Both of these units have reached a later degree of development than they have

in any femur preceding them in the zoological scale, while they are not as far

advanced as they are in the turtles which follow them. Comparing* the class

of reptiles with that of amphibians the chief evidences of type advancement

are seen in the more complete differentiations of the third type units (pis. 3, 4,

figs. 40-73).

BIEDS

The study of the femora of birds is, to some extent, unsatisfactory. While

the three types of bone structure are present, either alone or in combination,

they generally bear more or less of a transitional character. The several units

—lamellae, lamina, and Haversian systems—show, usually, incompleteness of

development. In some instances, it is difficult to recognize any distinct type. On

the whole, however, evidences of advancing differentiation are prominent in

birds, since all three units have appeared and generally in a more complete form

than in the femora of reptiles or amphibians.

The first type of bone (lamellar) is present in some species, as in the robin,

and is of a very simple form. The second (laminar) appears in a larger num-

ber of species, as in the turkey, grouse, and ostrich, and is, perhaps, the most

representative type among birds. The lamina?, generally, show an incomplete

differentiation. The third type (Haversian systems) is found in several species,

and presents distinct characters by which they can be distinguished from the

Haversian systems of other animals.

In some cases Haversian systems are present in the posterior ridges, in

others, of larger size, in the posterior ridges and anterior walls, and in still

others they form the entire central ring (pis. 5, 6, 7, figs. 74-112).
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MAMMALS

The femora of mammals, not, including man, present the first, second, and

third type units and most of their combinations. As far as can be determined

microscopically, these units are the same as were present in the amphibians,

reptiles, and birds ; but on the whole, they show a more advanced differentiation.

Since the complete Haversian system does not appear in amphibians nor in

reptiles nor clearly in birds, and does appear in mammals as a predominating

structure and often in a high degree of differentiation, its general presence to

such an extent and to such a degree of advancement points to the age of mam-
mals as the most important period in the history of bone development.

For convenience in description the bats are treated separately since they

do not resemble other mammals as closely as they do some of the lizards.

Bats.—Practically the whole order has been covered, and from the draw-

ings, descriptions, and tables it will be seen that the bat femora are generally

true to the first type bone. The sections are composed of lamellae with round,

oval, or long and narrow lacuna?, arranged concentrically around the medullary

canal.

The sections are uniform in structure with the exception of a small number

in which we find the twofold or threefold lamellar division. Very few structural

variations have occurred in the whole order. In the genus Pteropus, which

included the largest bats, Haversian canals of the early differentiation are

present, and, generally speaking, the femora of the larger species have more

of these canals than those of the smaller (jA. 8, figs. 113-166).

Other mammals.—The femora of the fetal sheep, calf, and pig of half-time

development and also those of many adult mammals were examined.

In the fetal sheep the type of bone was an incomplete second with short,

wide, irregular communicating canals. In the femur of the adult sheep the type

was also second; but the lamina had become regular and concentric and the

canals between them much narrower and more regular. In the fetal calf the

type of bone was very indistinctly second, with numerous bizarre-shaped canals.

In the adult ox the type had become a well developed second and third.

In the fetal pig the type was second and, with the addition of a few

Haversian systems in the posterior wall, remained second in the adult (pi. 11,

figs. 199, 200, 201).

The most pronounced developmental change was observed in the femur

of the calf.

The whole range of ditferentiation in minute bone structure reaches, gen-

erally speaking, the greatest advance in the mammals exclusive of bats.

The often more or less vague character of the structure in lower animals

clears up to a marked degree, and the bone units stand out as finished products.

Types and type combinations are now distinct. Pure types are found in many
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instances, though combinations of types are the most numerous and character-

istic of mammalian bone. The Haversian systems have differentiated into their

later stages, to reach their highest degree of perfection and prominence in man

(pis. 9-20, figs. 168-298).

Man.—In human femora the bone structure, as already mentioned in part,

reaches, in many respects, the climax of its differentiation. The human femora

examined were the fetal and adult. The fetal bones belonged to the black and

white races, the adult to the black, yellow-brown, and white including the ancient

EgyiDtian. The number of fetal femora examined is small, but the results indi-

cate that the study of the comparative histology of a larger number of fetal

bones, not only of man but also of other animals, would clear up many interest-

ing points in the differentiations which are found in the adult (pis. 21-35, figs.

306-453).

Fetal human femora.—These femora, representing the whole period of

ihtra-uterine life, showed basic bone substance in the early, and differentiated

lamellae and laminae in the later months ; also there was observed the horseshoe-

shaped band forming the anterior and lateral wall and the separate formation

of the posterior ridge (pi. 21, figs. 299-305). (For details see section III.)

Advlt femora.—Generally speaking, the adult human femur is character-

ized by the predominance of completely differentiated third type units. An

exclusive first type was not found in the adult bone. The most prunitive form

was a first and third combination. The proportions of the structural units

(lamellae, lamiuse, and Haversian systems) vary greatly. In some femora first

type bone amounted to more than half of the sections ; in others it was reduced

to a small fraction; in still others there was a second and third instead of a

first and third; and, finally, some femora showed the first, second, and third type

bone in various combinations.

When first type bone is present in the human femur it is found in the

form of a horseshoe-shaped band situated underneath the periosteum. The

inter-Haversian lamellae, frequently present in sections of human femora, are

apparently the remains of the disappearing horseshoe band just described. In

a fully differentiated human bone. Haversian systems form the whole structure.

The three races, black, yellow-brown, Egyptian, and white, exhibit similar

types and combinations of types of bone structure. In each there is a first and

third, second and third, and complete third type, with or without senile changes.

As a race the white presents more third type femora than the black or yellow-

brown race. Early (primitive) and late (advanced) differentiations have been

found in the different femora of the negro, Pueblo, and Peruvian Indians, the

ancient Egyptian, and modern white. The linea aspera in the adult human

femur is always composed of Haversian systems. Senile changes, absent or

rare in other animals, are unexpectedly frequent in human femora.



22 SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE VOL. 35

The best type of human femui* is composed wholly of Haversian systems

of tlie complete differentiation. The systems have long, narrow lacunae, with

long, straight canaliculi situated between or within concentric lamellse which

enclose the Haversian canal. External and internal circumferential lamellae

form in some instances very narrow rings around the bone and medullary canal,

or they may be fragmentary. Such femora are not very common.

Black race.—The femora of the black race exhibit types and combinations

of types ranging from a first and third to a complete third. The majority of

bones examined are type combinations. In some femora a wide horseshoe-

shaped band of lamellae, enclosing Haversian canals of the early incomplete

differentiation and a few, scattered, small Haversian systems, is found partly

surrounding a narrow, central ring of completely developed Haversian systems.

In others the horseshoe is narrower, and the central ring of Haversian systems

is wider; that is, the proportion of the horseshoe band to the Haversian ring is

a variable quantity. In still other femora the liorseshoe forms a fragmentary

background which can be distinguished, but which has been mostly displaced

by fully developed Haversian systems (pis. 21-23, figs. 306-324; pi. 25, figs.

335-340).

The negro femur lias a higher medullary index tlian the white or Egyptian

race.

During the examination of the right femur of negro No. 248674, U. S. Nat.

Mus., it was observed that considerably more than half of the section was first

type bone, in which were many Haversian canals of the primitive and incomplete

differentiation. It was then decided to examine all of the long bones of that

negro in order to ascertain, if possible, whether or not the structure was basic

in character. Accordingly, the left femur, tibia, fibula, radius, ulna, humerus,

clavicle, and metatarsal bone of the great toe were examined. The result was

they were all found to conform closely to what was found in the right femur.

It was therefore concluded that the type combination found in the femur was

a representative type of the whole long bone formation of that particular negro,

and that one type or type combination would probably not be found in one

bone of an individual and a different one in another (pi. 24, figs. 325-333).

The yelloiv-broivn race.—With one exception these femora were pre-Colum-

))iaii. They were a little smaller than those of the blacks. The majority were

conii)osed of second and third, and first, second, and third type combinations.

Only three or four were pure third type. In the femora, composed of type com-

binations, there was a greater average proportion of first type bone than was

present in the other races examined.

The medullary canals were relatively larger than in the other races, as may

be seen from their medullary indices—yellow-brown 43.8%, blacks 41.9%,

Egyptians 39.5%, and whites 38.57^. Therefore the yellow-brown femur has
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proportionately a smaller percentage of bone substance than tlie femora of

other races (pis. 25-27, figs. 341-361).

Erjyptian femora of the hvelfth dynasty.—This series includes the femora

of children, vduth, and adults. The bones are interesting on account of their

antiquity. They show the structure of the femur of four thousand years ago.

By comparing them with modern femora it will be seen that the bone types

which were prominent then are still prominent now.

One of the most interesting femora examined was that of a young cliild,

figures 363 and 363-a. It showed the formation of an Haversian system from

the circulation, an account of which will be found elsewhere (p. 177). Two or

three femora from adolescents showed gradually diminishing first and second

and increasing third type units. The adult bones showed two main types of

differentiation. One was composed of lamella; enclosing Haversian systems,

and the other of Haversian systems alone, figures 369 and 370. Femur 369

bears the stamp of a much lower degree of development than femur 370. Femur

369 was much more than half lamella;, while 370 was composed entirely of

Haversian systems (pis. 27-28, figs. 363-371).

The white race.—The femora of the modern white race showed a variety

of type combinations as well as single types. On the whole, the complete Ha-

versian system type predominated. A larger percentage of the bones examined

than in any other race showed the third type structure and senile changes.

Individual differences in structure were quite extensive.

The average medullar}^ index, as already seen, was 35.8%. That is, the

femur of the white race had a smaller medullary canal and thicker wall of bone

tlian tlie femur of the other races. In the III, C type of femora the Haversian

systems varied considerably in size. Some were small with a few, while others

were large with many, concentric lamelte. The communicating canals between

the systems also varied greatly. In some femora they wore very numerous and

provided a rich blood supply for the whole bone ; in other femora they were few

in number, comparatively, and the Haversian circulation was very much dimin-

ished. Differences in the extent of the circulation in different parts of the bone

were observed. The inner wall generally had more inter-Haversian canals than

the outer, while the posterior ridge (linea aspera) had a much richer 1)1 ood

supply than the anterior wall (pis. 28-35, figs. 372-453).

In those femora which showed combinations of types, the proportions of the

units were found to vary greatly. In some the proportion of lamellae was

considerably over 50% of the whole bone, and in others varying percentages

of lamellae and laminae from 50^^ to 0% were observed. In only a few cases the

femora composed of Haversian systems alone were without senile evidences.

From an examination of two entire human femora of the white race at intervals
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of 2.5 em., it was further determined that sections through the middle of the

shaft represented tlie entire .structure of the bone witli the exception of the

extremities.

Factors Influencing Types of Bone Structure

1. Grade of the animal in biological classification.

2. Geographical location.

3. Sex.

4. Age.

5. Function.

6. Individuality.

7. Health and disease.

8. Heredity.

The results of tlie investigations in these directions are here briefly sum-

marized.

1. the grade of the animal in biological CLASSIFICATION

It is, perhaps, impossible to decide just how much is evidence in regard

lo the relation of grade to structure. In the syjecimens of the different femora

examined there were found many variations which, doubtless, have some sig-

nificance. On the one hand, there are evidences which tend to show that the

grade of an animal has an influence in limiting the structural bone type present

;

but on the other, tliere are counter evidences which indicate that the whole

matter is not so simple. In support of the first view is the fact that the position

which the aniuud occupies in the scale of life is generally in harmony with

the tyjie of bone ]»resent in its femur. That is, the lowest class of femoral

vertebrates, the lowest order of any class, the lowest genus of any order, aii<l

tlie lowest species of any genus, all show the simplest and most primitive types

of bone structure. The converse is also equally true—that the highest class,

order, genus, and species shows the most advanced or highly developed type of

bone. Tills may be seen from the specimens, tables, and drawings. While each

class, order, genus, and species seems to have a bone cycle of its own, the

various cycles are lioniid together by some factor of an advanciu'^- differentia-

tion and the liigh ' bone units in one class, order, genus, or species become higher

in the next in succession.

But there are exceptional features wliicli renuiiu to be explained. Each

class of animal—amphibian, reptile, bird, mammal—has some first ty])e bono

species. Kach class, order, neuus. and si>ecies shows an early and late difl'eren-

tiatiiiii III' lidiic unit-. While each class of aiiiiiial secnis to be complete in itself,

' Tlie tonus high and low do not refer to exact states, but to relative distinctions in differentiation
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there is apparently some undeiiyiiig- determinant which gives to the higlier

group a more complete differentiation than is found in a preceding or lower

class. That is, the late differentiation in mammals is more complete than it is

in birds, in birds than it is in reptiles, and in reptiles than in amphibians;

while the early differentiation in each class seems to remain practically the

same. As the animal rises in the scale of differentiation, the grade of the adult

bone type also rises. As far as the microscopic appearances are concerned it is

difficult, if not impossible, to tell when bone units of structure have become

complete, but it is not difticult to observe that they have advanced as we go

from one class to another.

2. Geographical position

The effect of geographical position upon bone variation is not yet reducible

to exact deductions. The majority of the femora of amphibians have the first

type of bone structure and this, too, regardless of their geographical location.

The same is true of the lizards and bats. Perhaps tiie bats furnisli the most

important example. As said already, practically the wliole order was examined.

The indix'iduals came from all parts of the wiirld where bats abound, and tliey

all sliowed the same type of structure with very little variation. Some mammals

of different locations are alike in structure and some are unlike.

In respect to man, the femoi'a of the ancient Egyptians differed from

one another greatly, although they were taken from the same cemetery. Tlie

same is true of the pre-Columbian Chicama and Pachacamac Indians. In the

modern races variations in type are very common and they cannot, in the

writer's experience, in any way be associated with geographical position.

As far as the present observations are concerned, therefore, there is no

reason to suppose that geography has had any marked influence upon bone type.

3. SEX

In reference to sex, it may be briefly stated that the femora examined

shoMed no conclusive evidence that sex was an important factor in the minute

structural variation of bone.

4. age

Unlike- the previous factors, age influences the type of bone very consider-

ably. In the higher mammals and man the femora invariably change in struc-

ture with the advancing age of each indi\'idua]. Some femora arrive at com-

pletion earlier than others. In the formation of the human bone from early

fetal tyi)es there were to be seen distinct evidences of progressive changes from

the first through the second to the third type. In some cases this course of

development was completed much earlier than it was in others, and senility
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appeared to a greater or less degree in the Haversian systems of such femora;

in one instance senile chang-es were manifest although the individual was not

over 35 years of age.

5. FUNCTION

The effect of function u]jon variation in bone structure can scarcely be

doubted in some instances, while in others there seems to be little or no evidence

of it. In amphibians the largest bones have the most Haversian canals. This,

however, is only true as a general rule. For example, the frog has no Ha-

versian canals or laminte, while the toad, which may be smaller than the frog,

shows both laminae and Haversian canals. In reptiles, the small lizards do not

have the Haversian canals, while the larger ones have many. On the other

hand, a large alligator has very incomplete Haversian systems, while a small

turtle has more advanced third type units. Again, small turtles have few,

while the large ones have many, Haversian systems. In birds, some of the

larger varieties, as the ostrich, have predominating second types and not the

third, while many small birds have predominating third type units.

A turkey of 16 pounds weight has the second type of structure with a few

Haversian systems, while a turkey of 32 pounds has the same type with a

noticeable increase in the number of Haversian systems. That is, size or

weight seems to have a decided influence upon tliird type bone development in

some cases, and little, if any, in others.

In mammals of the same species, provided the species has Haversian sys-

tems, there will be more of these systems in the larger than in the smaller

varieties. But in animals of dift'erent classes the larger species may have, on

the average, no more Haversian systems than those of the smaller species. For

example, a domestic pig, weighing 500 pounds, has a second type bone with

some Haversian systems, while a domestic turkey, weighing 32 pounds, has also

a second type bone and nearly as many Haversian systems. The two bones

of different classes differ from one another very materially in differentiation of

liotli ty])cs, ))nt not in the types themselves. In bipedal mammals of consider-

abh' weight like man, in which the weight of the animal is borne by two legs

instead of four, there is a greater tendency towards the third type bone, and

yet there are many exceptions. Furthermore, the os penis of the raccoon is an

Haversian system bone, and conforms, generally, to the femoral type of that

animal. In this case it is evident that function has had no effect on bone

structure (pi. 20, fig. 288).

A cessation of function in an adult bone favors the appearance of marks

of senility. There is a difference between a rudimentary femur without func-

tion and a normal bone which has lost its function by accident. The rudi-

mentary femora of the python are first type bones like those of the lizards.
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and altlioiigh the femora are useless, their boue units are apparentlj- sound;

while in human femora amputated several years before examination tlie struc-

ture is well differentiated, but shows premature senile changes.

6. INDIVIDUAL VARIATIONS

Individual variations are by no means as common in the lower femoral

vertebrates as they are in the higher forms. They are found to increase in the

frequenc}' of occurrence from birds to man. As far as the higher vertebrates

are concerned, hardly any two individuals are exactly alike. They conform to

a general type of structure which is fundamental, and exhibit special varia-

tions which are peculiar to the individual. This was found to be the case even

with cats of the same litter. The individuals varied in structure.

7. HEALTH AND DISEASE

Variations due to health and disease remain \ery largely for studies in

the future. However, the right femur of an adult white male who had con-

genital epilepsy shows an extremely thin wall (1 nmi. to 2 mm. in thickness),

and an index of 277%. See plate 35, figure 453, for drawing and text for

description.

8. HEREDITY

The influence of heredity on bone variation requires a greater amount of

selected material of known genetic relationship than the writer has been able to

gather. Most of the femora utilized are those of individuals with no obtainable

family history. However, the femur of the mule resembles structurally the

jackass more than the horse, and the femora of a litter of kittens showed quite

marked differences. Excluding other causative factors which do not sufficiently

account for the variations observed, heredity offers a most attractive field. The

further study of l)ones of the descendants of known ancestors, and of selected

crossings, is especially desirable.

Conclusions

If we survey the wJiole field of bone histology, as it was observed during

tlie present investigation, the following salient points stand out witli sufficient

clearness:

1. The predominant sliajx' of cross-sec^tioiis of the f(Mnova of I he animals

below man is elliptical.

2. Generally speaking, first and second type femora are circular or elliptical

and third types are triangular or related shapes.

3. Medullary canals are situated centrally, eccentrically, or obliquely, and

may be circular, elliptical, or irregular in shape.
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4. The medullary surfaces may be smootli, roughened by depressions, or

corrugated.

5. Medullary contents are composed of marrow and its blood vessels,

of marrow and cancellous bone, of trabecular alone, or the contents may be

entirely absent. About half of tlie bird femora have full medullary canals,-

while the remaining half have no contents.

6. The medullary index (relative thickness of bone compared with the

medullary canal) is lowest in rejjtiles and highest in birds. It falls from am-

phibian to reptile, rises from reptile to bird, falls rapidly from bird to mammal,

and is about the same in man as in the lower mammals. The reptiles have the

highest percentage of bone, the amphibians next, the mammals next, the modern

white race of man next, and the bird the lowest percentage. Of the human

race the modern white has the most bone, the Egyptian next, the negro next,

and the American Indian the least.

7. Tlie femoi'a of the different animals and in man, even those of different

individuals, vary in density, and the single femur varies in the density of the

different parts of its wall.

8. Lacunas and canaliculi })resent various stages of differentiation, the

character of the differentiation being harmonious with, and indicative of, tlie

degree of l)one development.

9. Lamellte, laminae, and Haversian systems appear in l)one in the order

given, and become the basis of the types and type combinations of bone struc-

ture which enter into tlie formation of the different femora.

10. Basic bone substance is differentiated into lamellse when the diffuse

arrangement of lacunje becomes concentric.

11. Cancellous bone is present in all classes of animals, and is more fre-

quently observed in large than in small bones.

12. Three types of structure form the basis of all femora. They may
occur singly or in combination. The first and second predominate in am-

phibians, reptiles, and birds, the third in mammals and man.

13. The first type, composed of lamellae, appears as a uniform structure,

or in a twofold or threefold division, and characterizes the amphibians, lizards,

and bats.

14. The' second type (lamina) appears first in the amphibian, and in an

early or late form of differentiation in birds and lower mammals.

15. The third type (Haversian system) is first outlined in tlie amphibians.

It is tbe result, primarily, of a series of differentiations beginning witli the

ainplii!)ians and ending in man.

36. Combinations of types are of frequent occurrence.

17. In fetal and young femora tlic differentiation of first into second

and second into tliird types of bone structni'e was observal)le.
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18. The presence of the early tlifferentiatious of type in some black,

yellow-brown, white, and Egyptian femora, and of the late or complete dif-

ferentiations in other femora of the same races was observed.

The following evidences of type advancement appear in the different classes

of animals:

Amphibians.—A change of round to oval and long lacunEP, and from their

diffuse to their concentric arrangements, a transformation of basic to lamellated

bone, the separation of the imiformly lamellated bone structure into a twofold

or threefold division, and the formation of distinct lamina and Haversian

canals in the walls of the femora, were all observed in the amphibians.

Reptiles.—The extension of lamellte and the further development of lamina;

and Haversian systems were seen in the femora of reptiles.

Birds.—The extension of lamella3, prominent development of laminae, and

advancement of Haversian systems were observed in these animals.

Mammals.—Extension of lamellfe, completion of lamina, and a much better

development of Haversian systems were observed in mammals.

Man.—Extension of lamellae, laminae, and the completion of the Haversian

systems were seen in human femora.

III. FETAL HUMAN FEMOEA AND THEIR FURTHER DEVELOPMENT

Type differentiations, changes in the medullary index, and position of the

medullary canal, development of the linea aspera, and changes in the shape of

the shaft of the femur, are shown very interestingly in these bones, as may be

seen from the following descriptive observations.

The fetal bones examined, mostly of the white race, varied in age from two

and one-half to nine months. The young bones of two and a half months

were composed of a crude, undifferentiated bone substance, with round lacunje

and short, bushy canaliculi, enclosing large irregularly shaped meshes. The

medullary canal was very small and irregular in shape, and together with the

meshes was tilled with marrow. It was situated in the center of the section, and

immediately surrounded by a narrow ring of iamellae, thus showing the twofold

division observed in some of the lower animals. The diameters of the bone

were, the autero-posterior 1.8 mm., tlie lateral L5 mm., and of the canal 0.5 nun.

X 0.4 mm. (pi. 21, fig. 299). The antero-posterior diameter at tliis stage of life

was longer than the lateral. A little later (three to three and one-half months)

the same diameters were respectively 2.5 mm. X 2 mm., while tliose of tlic

medullary canal were 0.5 mm. X 0.5 mm. The canal was situated eccenti-ically

in the anterior half of tlie section, was only a trifle larger than the canal of

the younger bone, and was surrounded by a narrow ring of lamellae, also show-

ing the twofold division (pi. 2], fig. 300). Comparing this section with tlie
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preceding it was noticed that a stnictiual vjiriatioii had already appeared in

the latter bone. The irregular meshes seen iu the former were considerably

elongated. They had assumed canal shapes and were arranged concentrically.

Basic bone substance, with round lacunae and bushy canaliculi, formed the

reticulum between the elongated meshes or canals. Furthermore, a difference

in structure was noticed between the posterior and remaining wall. In the pos-

terior wall the concentric arrangement of the canals, described above, was

absent, and a general direction of the canals from the medullary canal toward

the external surface of the posterior wall was assumed. Here and there in the

bone substance between tJie canals an Haversian canal of the (la) differentia-

tion appeared. This whole posterior structui-e was the beginning of the linea

aspera, and seemed to be a distinct bone formation.

In still later femora (four or five months) the diameters of the shaft were

3.5 mm. X 2.5 mm., and those of the medullary canal were 0.6 mm. X 0.5 mm.

The medullary canal was situated eccentrically. The section was composed of

basic bone substance, enclosing wide, branching, concentric canals, giving the

appearance of a very primitive second type formation. The posterior wall

was more prominent, and composed of bone substance with round and oval

lacunae, enclosing long, wide, branching canals, directed toward the external

surface and at right angles to the structures of the lateral wall. The distinc-

tion between the posterior and lateral walls was more pronounced than in tJie

specimens of earlier femora (pL 21, fig. 301).

In still older femora (five to seven months) a distinct difference between

the posterior wall, which now appears as a ridge, and the remaining walls was

observed. The diameters of the bone were 3.5 mm. X 3 mm., and those of the

medullary canal 0.5 mm. X 0.5 mm. The canal was situated eccentrically. The

bone was composed of concentric laminae arranged in the shape of a horseshoe,

enclosing, in part, the medullary canal. The toe of the shoe formed the anterior

wall and the heel embraced the posterior ridge. The posterior ridge was com-

posed of elongated Haversian systems, as they appeared in cross-section, with

large, wide Haversian canals extending outward toward the external posterior

surface and at riglit angles to the laminae of the remaining wall. In cross-

section tlie posterior ridge was wedge-shaped and clearly distinct. The laminfe

of the remaining wall were incompletely differentiated. They were wide, and

composed of bone substance witli round and oval lacnn;r and busliy canaliculi

(pi. 21, fig. 302).

Ill llic fcmoi-a of tlie liiial stages of fetal development (eight to nine months)

the diameters of the bone were 4.5 nnn. X 5 mm., of the canal 1 mm. X 1 nun. In

these bones the lateral diameter was longest. The medullary canal was irregu-

lar in shape, larger, and situated eccentrically. The bone was composed of

elongated, concenti-ic Haversian systems (in cross-section) arranged in horse-
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shoe shape iirouud the medullary t-aiial. The systems were composed of bone

substance with oval and long lacuua3 and with bushy and straight canaliculi.

They gaxe one the impression of Haversian systems very mucli flattened by

pressure. The posterior ridge or linea aspera, clea'rly distinct and wider than

in the foregoing sections, was composed of elongated Haversian systems, and

was divided into two lateral halves by a narrow radiating space, which is the

last part of the linea aspera to become bone (pi. 21, fig. 303).

In a series of five Pueblo Indian femora of different ages, from one year to

adult age, various further developmental stages were shown (pi. 9, figs. 341-

344). The cliild's femur was composed of incompletely developed laminfe and

Haversian systems, the systems ranging from the (la) to the (C) differentia-

tion. The posterior ridge, only partly formed in the femur of one year, was

much further advanced in the femur of six years. In the femur of early youth

the lamiuas were, to a considerable degree, displaced by incompletely developed

Haversian systems, and the posterioi- ridge could not be distinguished from

the lateral wall. In the femur of later j^outh the Haversian systems have

increased in proportion and advanced markedly in development, and in the

adult bone the lamelte and lamina; were almost entirely displaced by fuUy

developed Haversian systems. While these femora were from different in-

dividuals and probably from individuals of unlike types; yet they sliowed, in a

general way, the differentiating changes in bone development. The Chicama

and Pachacamac Indians showed similar changes.

Reviewing the above differentiations chronologically, evidences of advance-

ment were strikingly apparent with increase in age. The femur of the human

fetus begins its osseous history as a bone of crude first type, and then gradually

advances through the second to the pure third type, or to some combination

of the first and third, second and third, or first, second, and third types. Ha-

versian systems begin with the most primitive, incomplete, and advance to the

fully developed stage, gradually increasing at the same time in number. An

early twofold division of the femoral wall increases to a threefold division.

It may also be seen that the linea aspera of the human femur is the

product of a distinct bone formation which occurs in the posterior wall. It

was noticed at the early age of three and one-half months, and was observed in

the different femora until birth. Therefore, in the formation of the shaft of

the human femur, two distinct bone forming processes seem to be evident, one

the formation of the liorseshoe-shaped band of the anterior and lateral walls,

and the other of the posterior ridge or linea aspera. They appear to go on

independently of each other for a while, and fuse together some time after birtii.

The development of the linea aspera

—

tlie last part of the shaft to be com-

pleted—is especially interesting from the viewpoint of its function and tlie

growth of bone.
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IV. HISTOLOGICAL EXAMINATION OF TWO ENTIRE HUMAN
FEMORA—GENERAL DESCRIPTION

As all of the sections were made through the middle of the shaft, and the

descriptions given applied only to the structure of one location, it was desirable

to examine sections of entire femora of different types in order to determine

to wliat extent the structure of the middle of the shaft represented the whole

femur. "With this object in A'iew, two entire femora have been examined. In

each hone the first section was made transversely through the middle of the

head, and the remaining sections at intervals of 2.5 cm. The two femora

represented two types of differentiation—one, I-III, C, senile, and the other,

III, C, senile.

The first femur (length 41 cm., No. 300, Cr. Med. Coll.).—Tliis was com-

posed of a predominating proportion of lamella; interrupted by Haversian sys-

tems of the (la) and (C) differentiation, enclosing a narrow ring of Haversian

systems of the (C) differentiation, many of which were senile. This femur,

therefore, represented a human bone with incomplete development.

The structural type remained the same throughout the entire femur, but

the different sections showed variations in medullary indices, proportions of

lamella;, cancellous bone, and senile changes. The medullary indices diminished

from the extremities of the medullary canal toward the middle of the shaft,

and were lowest 15 to 20 cm. below the section of the head.

The proportion of the lamella; to the enclosed Haversian systems increased

gradually from the head to the lower extremity. The cancellous bone dimin-

ished from the extremities toward the middle of the shaft. The senile changes

were most numerous in the middle of the shaft and in the anterior wall.

On the whole, the bone was composed of an external, thick sheath of lamellfe

enclosing a thin, shorter sheath of Haversian systems, and a section through

the middle of the shaft gave a fair representation of the whole bone structure,

excepting that of the two extreniities.

It was noticed during the grinding of the middle sections that the lamellar

and Haversian system rings were easily separated from one another, and that

they were readily fractured in the anterior wall in which senility was most

marked.

Second femur (length 38 cm.. No. 301, Cr. Med. Coll.).—The upper portion

of this femur was composed almost entirely of well developed Haversian sys-

tems and the lower portion of lamellfE and Haversian systems. The lamella^

formed a wide exlei'nal band situated in the anterior wall, and were fre(|ueiitly

interruiitcd by Haversian systems, some of which were senile.

The lidiu' i-epresented a human femur of a much later differentiation tliaii

No. 300, although it was not entirely a i)uro third type i)one. The pi-incipal

\ai-iation from llic third type was limited to the lower portion.
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The medullary indices diminished from the extremities toward the middle

of the shaft, and were lowest 15 to 17 cm. below the section of the head. The

band of lamella began 20 to 22 em. below the head, and was most pronounced

in the anterior wall. It extended downward toward the lower extremity, and,

gradually diminishing in thickness, finally merged into the thin envelope of

lamella; surrounding the condyles. Cancellous bone diminished from the ex-

tremities toward the middle of the shaft, and was entirely absent from the

middle third of the bone. Senile changes, not very marked, were most fre-

quent in the middle portion and the anterior wall.

A section through the middle of this femur, compared witli the remaining

sections, did not give as fair a representation of the whole bone structure as

the corresponding section of femur No. 300 gave to that bone. However, it

did show plainly the type of bone to which this femur belonged. Notwith-

standing, the lamellar band in the anterior wall of the lower portion, the

characteristic unit of the whole bone was the Haversian system.

The heads and condyles of both femora were composed almost entirely of

lamellae.

V. SENILITY

After reaching its highest degree of development, as indicated by the

character of its lacuna; and caualiculi, the Haversian system may remain in this

condition for a time, but sooner or later the dissociation of the organic and

inorganic constituents begins to appear, and the system gradually becomes

granular, opaque, and black. The sum total of the processes by which these

results are obtained is age or senility.

An examination of the various sections shows that this condition is more

common than would be expected, and that, too, regardless of age in years.

A human femur may be more or less senile at 35 or any subsequent age.

Adult human femora in general show a much larger percentage of senility

than the femora of the lower animals. From a review of the various sections it

may be seen that senility does not seem to appear at all in the amphibians,

reptiles, birds, or bats, and was seen in only five or six of all the remaining

mammalian femora; while it is found in the majority of femora of the white

human race. Just when the amphibian, reptUe, bird, or mammal becomes adult,

just how long this period of life lasts, or when old age sets in, are not known.

The fact that senile changes are so prominent in the lamella; of Haversian

systems and so infrequent in the lamellfe of other situations suggests a dif-

ference either in the variations of tlie blood supply or in the chemical stability

of the bone substance, or in both. The circulation is more complicated in a

third type bone than it is in a first or sec.ud, and therefore more subject to

structural deviations.
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111 a senile Haversian system, at tlie beginning of tlie process, the lamella

around the Haversian canal becomes dark from a deposit of inorganic grannies.

This deposit intensifies the clearness of the serrated edges and cement. The

granules increase as the process goes on, involving lamella after lamella, until

the whole system is opaque and black. After the lamellae have reached this

stage they are gradually broken down into amorphous particles which drop

into the Haversian canal and are removed by the blood vessels. The lamellae

of adjoining systems pass through similar processes. The inter-Haversian

lamellte follow and a cavity is formed, which in the section appears as a space.

This process continues with a greater or lesser rapidity until the bone, reduced

in dimensions and weight, remains as a mere shell of its normal condition

(pi. 34, figs. 423-426).

In plate 29, figui-e 381, these changes may be observed. Haversian sys-

tems in different stages of senility are most numerous in the anterior and

outer walls and in the middle portion of the shaft of the bone. The systems

may be in pretty good condition elsewhere or, in extreme cases, granular de-

posits of ditTerent degrees of intensity may be present in most of them. The

internal circumferential lamellae remain in a fragmentary form. The essential

change, therefore, is primarily in the Haversian system.

The changes which occur in senility may be summarized, as follows

:

1. Dissociation of the organic and inorganic constituents of the lamelhi>

around the Haversian canals.

2. Deposit of inorganic granules in the lamellae around the Haversian

canals.

3. Gradual extension of the inorganic deposit toward the periphery of the

Haversian systems and opacity of tlie lamellae.

4. Absorption and disappearance of the granular lamelhe from the Ha-

versian canal outward.

5. Widening of the Haversian canals and thinning of tlie walls of the

Haversian system.

6. Disappearance of the Haversian systems and formation of irregular

sjiaces. (Deposit of salts in the walls of degenerating vessels.)

7. Decrease in the weight of the bone.

VT. AMPHIBIANS

Tbc study begins with llic aiiiphibiaiis. 'fhirty-iiine rciiiora were exaniined.

Genehal Chauacteh or the P"'emuk

Tlie femora of these animals are generally small. They vary to a con-

siderable degree in shape. Some sections are triangular, some elliptical, some
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round, and a few are indeterminate. In the elliptical sections the lateral

diameters are longest. The medullary canals are full of marrow, and in one

femur, Aniblystoma tigrinmn, the canal is occupied by cancellous bone. The

medullary index varies from zero to 1297<7, with an average of 36.6%. The type

of structure is principally i3rst ; the basic or undifferentiated bone substance is

found in Aniblystoma tigrinum, the most primitive of amphibians, the lamel-

lated or differentiated bone in the majority of the remaining species; while

the II and III, la differentiations occur in the toads. The lacunar are round,

oval, or long, and the canaliculi are short and bushy or long and straight. The

structure may be uniform throughout the whole section, or it may present a

twofold division, as seen in Eyla arenicolor; or a threefold division, as seen in

Necturus.

On the whole, then, the amphibian femora show the first type bone, and

also mark the beginning of the second and third types.

Detailed Examination

femoha of rana catesbiana. bull frog

The femora of four bull frogs were examined, the first unusually large, the

second of medium size, the third and fourth small.

They showed different developments of the same type of bone (pi. 1,

figs. 1-4).

RIGHT FEMUR OF RANA CATESBIANA (lARGe). FIRST BULL FROG.

CREIGHTON MEDICAL COLLEGE

Tl. 1, Fig. 1. Synoptic Table I

Antero-posterior diameter of bone, 3.5 mm.; lateral, 4.5 nun.

Antero-posterior diameter of medullary canal, 1 nun.; lateral, 2 mm.

The medullary canal is full. Medullary index, 16%.

The section is surrounded by a narrow ring of external circumferential

lamella;. Their lacunaj are round and oval, their canaliculi are short and bushy,

and all are poorly developed. The central ring, situated between the external

and internal lamella', is interrupted by many large, bush-like, radiating canals.

The lamella? are indistinct, their lacunse are round and oval, and the canaliculi

communicate with the radiating canals.

The canals are just visible to the naked eye. Some of them extend from

the internal to the external circumferential lamella^, some about two-thirds

of that distance, and some are interrupted at various points along the way.

The central ring forms about four-fifths of the thickness of the bone, is thicker

in the posterior half than in the anterior, and in-esents a low development.
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Tlie internal circumferential laniellse surround the medullary canal. They

are clearer than those of tlie external lamellfe, their lacunae are oval, their

canaliculi are short and partly in the central ring, and there is a large vascular

canal on its way to the medullary canal. The internal lamellfe are poorly

developed. The section shows a threefold division.

Type I.

EIGHT FEMUR OF EANA CATESBIANA (mEDIUM SIZEd). SECOND BULL FROG.

CR. MED. COLL.

Tl. ], Fig. 2. Syn. Tab. I

Antero-posterior diameter of bone, 2.5 mm. ; lateral, 3 mm.
Antero-posterior diameter of medullary canal, 1.4 mm. ; lateral, 1.6 mm.

The medullary canal is full. Medullary index, 42%.

Structure.—Around the bone is a very narrow ring of dense lamelte con-

taining a few, long, narrow lacuna' and long canaliculi.

In tlie center of the anterior wall is a notch, which is part of the nutrient

canal. Beginning a little to the outer side of the posterior mid-line and extend-

ing around the outer wall, anterior, and about one-fourth of the inner wall, the

entire thicluiess of the bone is composed of concentric lamella; with oval lacunae

and bushy canaliculi. The remaining portion of the bone is composed of eon-

centric lamellfe, which are crossed by short canals, arranged radially in twos

and threes. The canals are surrounded by clear areas of bone substance, and

extending from them in all directions are ^'ery fine canaliculi. The internal

circumferential lamellfe are not distinct from the remaining structure. Its

I)eculiar feature is the gradual disappearance of the radiating canals.

Type I.

RIGHT FEMUR OF RANA CATESBIANA (smALl). THIRD BULL FROG. CR. MED. COLL.

Pl. 1. Fig. 3. Syx. Tah. I

Antero-posterior diameter of the bone, 1 nun. ; lateral, 1.3 mm.
Antero-posterior diameter of the medullary canal, 0.5 nnn. ; lateral, 0.6 mm.

The medullary canal is full. Medullary index, 29%.

Structure.—The section is composed of lamella?, concentrically arranged

around the medullary canal. There are no radiating canals. The lamellae are

clear, their lacuiife oval, long and narrow, and their canaliculi are long and

numerous. The section has a uniform structure.

The peculiar feature is the complete disa])pearance of the radiating canals.

These figures show drawings of femora taken from the same species of

frogs, but of ditferent sizes and weights. The largest (fig. 1) is lowest in

development; the second in size (fig. 2) is next, and the third (fig. 3) is last
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and most complete. They are all of the first type, though of different develop-

ments. In figure 1 the radiating canals with poorly developed intervening

lamella? indicate an early stage of development. In figure 2 more than half of

the canals have disappeared and hetter developed lamella; are formed. In

figure 3 all of the canals ha\-e disappeared and the whole bone is composed of

concentric lamellte.

Type I.

EIGHT FEMUR OF RANA CATESBIANA (SMALL). FOURTH BULL FROG. CH. MEL). COLIi.

Pl. 1, Fig. 4. Syn. Tab. I

Antero-posterior diameter of bone, 1 mm. ; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.6 mm.

Medullary index, 24%.

Structure.—The section is composed of concentric lamellfe with long lacunas

and long, straight eanaliculi surrounding the medullary canal. The section has

a uniform structure.

Type I.

fractured and rep.\ikeu femur of a frog. cr. med. coll.

Pl. 1, Fig. 5. Syn. Tab. 1

Antero-posterior diameter of bone, 1.5 nun.; lateral, 1.7 nnn.

Antero-posterior diameter of medullary canal, 0.6 mm.; lateral, 0.7 nniL

The medullary canal is full. Medullary index, 20%.

Structure.—One of the femora had lieen fractured about tlie middle of tlie

shaft. The ends of the bone liad slipped by each otlier, and new bone had

formed around the fragments. In section (fig. 5) which was taken from tlie

middle of the new bone, two cuts of the femur appear situated eccentrically.

The sections are composed of concentric lamella^ with oval and straight lacuna-

surrounding the medullary canals.

The upper fragment, H, proximal, shows cell growtlis bursting through the

wall of the bone (pl. 1, fig. 5, A, B). In the lower fragment, D, distal, no cell

outbursts appear.

Around the two fragments and extending between them is a formation of

cancellous or channeled bone which is the new bone of repair. Some of the

meshes of this bone are occupied by newly deposited lamelhe, and resemble

Haversian systems, altJiough there are no Haversian systems or cancellous

bone in the femur of tbc frog (i)l. 1, fig. 5 (',.R). This fact suggests a genetic

relationship between cancellous lione and Haversian systems.

Type I.
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EIGHT FEMUR OF AMBLYSTOMA TIGRINUM. AMER. MUS. NAT. HIS.

Pl. 2, Fig. (i. Syn. Tab. I

Aiitoro-posterior diameter of bone, 2 mm.; lateral, 2.5 mm.

Aiitero-posterior diameter of medullary canal, cancellons meshes.

Medullary index, 0.

Structure.—The section has no distinct medullary canal. It is composed

of a narrow external ring of lione suhstance, with a few oval lacunae and bushy

canaliculi, from the under portion of which a cancellous center is derived. The

meshes are filled with structureless material, and their walls have the same

structure as the walls of the bone.

Type I.

RIGHT FEMUR OF HYLA VERSICOLOR. TREE FROG. AMER. MUS. NAT. HI.ST.

Pl. 2, Fig. T. Syn. Tab. I

Antero-posterior diameter of bone, 0.8 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.2 mm.; lateral, 0.2 mm.

The medullary canal is full. Medullary index, 7%.

Structure.—The entire section is composed of lamellfe with round and oval

lacun.TP and bushy canaliculi enclosing the medullary canal. The section has

a uniform structure.

Type I.

RKiHT FEMUR OF HYLA ARENICOLOR. NO. E 50 30, U. S. NAT. MUS.

Pl. 2. Fig. 8. Syn. Tab. I

Antero-posterior diameter of bone, 0.5 mm.; lateral, 0.5 mm.

Antero-posterior diameter of medullary canal, 0.2 mm.; lateral, 0.2 mm.

Tlie medullary canal is full. ]\Iedullary index, 19%.

Slnicfnre.—The section is composed of concentric lamelhr witli oval lacuiue

and long, straight canaliculi, divided into wide external and narrow internal

rings which surround its medullary canal, thus showing a twofold division.

Type I.

RIGHT FEMUR OF HYLA FEMOR.\LIS. NO. E 60 23, U. S. N.\T. MUS.

Pl. 2, Fig. 9. Syn. Tab. I

Antero-posterior diameter of bone, 0.5 muL; lateral, 0.4 mm.

Antero-posterior diameter of medullary canal, 0.2 mm.; lateral, 0.2 mm.

The medullary canal is full. INfedullary index, 24 '/t

.

Structure.—The section is composed of concentric lamelkt with oval lacun.T

and long canaliculi, divided into wide external and narrow internal rings which

surround the medullary canal, a twofold division.

Type I.
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EIGHT FEMUR OF HYLA EVITTATA. NO. E 55 17, TJ. S. NAT. MUS.

Pl. 2, Fig. 10. Syn. Tab. I

Antero-posterior diameter of bone, 0.5 mm. ; lateral, 0.2 mm.
Antero-posterior diameter of medullary canal. 0.4 nmi. ; lateral, 0.1 mm.
The medullary canal is full. Medullary index, 104%.

Structure.—The section is composed of concentric lamellae with oval lacuna^

and long canaliculi, divided into wide external and narrow internal concentric

rings which surround the medullary canal, a twofold division.

Type I.

RIGHT FEMUE OF HYLA CINEREA. XO. 13095, U. S. NAT. MUS.

Pl. 2, Fig. 11. Syn. Tar. I

Antero-posterior diameter of bone, 1.5 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 mm.
The medullary canal is full. Medullary index, 14%.

Structure.—The section has a long posterior process, the central position

of which, from the medullary canal to the tip, is occupied by bone substance

with a few oval lacimse and branching canaliculi. The body of the section is

composed of lamellae with oval lacunae and straight canaliculi. A narrow ring

of internal circumferential lamellae surrounds the medullary canal. The section

shows a twofold division.

Type I.

RIGHT FEMUR OF HYLA REGIL.LA. NO. E 62 39, U. S. NAT. MUS.

Pl. 2, Fig. 12. Syn. Tab. I

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.9 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 38%.

Structure.—The section is composed of lamelte with oval lacunfe and long

canaliculi, divided into wide external and narrow internal rings. The internal

ring forms the internal circumferential lamella?. Twofold division.

Type I.

'eight femur of HYLA SQUIRELLA. NO. E 51 2, U. S. NAT. MUS.

Pl. 2, Fig. 13. Syn. Tab. I

Antero-posterior diameter of bone, 0.8 mm, ; lateral, 0.5 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 mm.

The medullarv canal is full. Medullary index, 92%.
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Structure.—The section is triangular iu shape and composed of lamellfp

with round and oval lacuna; and long canaliculi, divided into wide external and

narrow internal rings. A vascular canal is seen in the posterior wall. The in-

ternal ring foi-ms the internal circumferential lamella^. Twofold division.

Type I.

KIGHT FEMUR OF HYLA GRATIOSA. XO. E 40 14r, C. S. XAT. MUS.

Pl. 2, Fig. 14. Syx. Tab. I

Autero-posterior diameter of bone, 1 mm.; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 44%.

Structure.—The section is composed of concentric lamellse with oval lacuniE

and bushy canaliculi surrounding the mediillary canal. A narrow lamina, not

parallel with the external or medullary surfaces, forms a complete ring around

the section. It approaches tlie medullary surface in the lateral wall and departs

from it in the anterior and posterior wall.

Type I-Il

EIGHT FEMUR OF DENDKOBATES TINCTORIUS. NO. E 14 36, U. S. NAT. MUS.

Pl. 2. Fig. 1.5. Syn. Tab. I

Autero-posterior diameter of bone, 0.6 mm.; lateral, 0.5 mm.

Antero-posterior diameter of medullary canal, 0.2 mm. ; lateral, 0.2 mm.

The medullary canal is full. Medullary index, 15%.

Structure.—The section is composed of lamellte witli long, narrow lacunae

and long, straight canaliculi, divided into wide external and narrow internal

rings. Tlie internal ring forms the internal circumferential lamellse. Twofold

division.

Type I.

EIGHT FKMUR OF I/EPTOUACTYLUS ALKILABRIS. G 13 11, V. S. XAT. MUS.

Pl. 2, Fig. Id. Syx. Tab. I

Antero-])Osterior diameter of bone, 1 mm. ; lateral, 0.8 nnu.

Antero-posterior diameter of medullary canal, 0.8 mm.; lateral, 0.3 mm.

The medullary canal is full. Medullary index, 59%.

Structure.—The section is composed of lamellae with oval lacunai and

straight canaliculi, divided into wide external an<i narrow internal rings. The

internal ring forms the intenuil i-ircnuiferonlial laniella\ Twofold division.

Type I.
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RIGHT FEMUR OF CHOROPHILUS FERIARUM. NO. E 52 47, U. S. NAT. MUS.

Pl. 2, Pici. JT. Stn. Tab. I

Antero-posterior diameter of bone, 0.5 mm. ; lateral, 0.4 mm.

Antero-posterior diameter of medullary canal, 0.2 mm. ; lateral, 0.2 mm.

The medullary canal is full. Medullary index, 24%.

Structure.—The section is composed of lamellae with oval lacunae and

straight canaliculi, divided into wide external and narrow internal rings. The

internal ring forms the internal circumferential lamellae. Twofold division.

Type I.

RIGHT FEJIUR OF ACRIS GRYLLUS. U. S. NAT. :MUS.

Pl. 2, Fig. 18. Syx. Tab. I

Antero-posterior diameter of bone, 0.5 mm.; lateral, 0.3 mm.

Antero-posterior diameter of medullary canal, 0.2 mm.; lateral, 0.1 mm.

The medullary canal is full. Medullary index, 16%.

Striicture.-—The section is composed of lamellae with oval lacunai and

straight canaliculi, divided into wide external and narrow internal rings. The

internal ring forms the internal circumfei-ential lamellae. Twofold division.

Type I.

RIGHT FEMUR OF RAN A CATESBIANA. BULL FROG. AMER. MUS. NAT. HIST.

Pl. 2, Fig. 19. Sy\. Tab. I

Antero-posterior diameter of bone, 2.5 mm.; lateral, 2.5 mm.

Antero-posterior diameter of medullary canal, 1.5 mm, ; lateral, 1.5 mm.

The medullary canal is full. Medullary index, 56%.

Structure.—The section is composed of lamellae with round, oval, and long

lacunjE and straight, long, thickly set canaliculi, arranged concentrically around

the medullary canal. The bone is uniform.

Type I.

RIGHT FEMUR OF RANA PALUSTRIS. XO. F 52 22, U. S. NAT. MUS.

Pl. 2, Fig. 20. Syv. Tab. I

Antero-posterior diameter of bone, 1 mm,; lalci-al, O.S mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.5 mm.

The medullary canal is full. Medullary index. 44%.

Structure.—The section is composed of concentric lamellte witli round and

oval lacuna} and bushy canaliculi, separated into two concentric rings. The

positions of the lacunae and canaliculi give a radiating effect. The internal

ring forms the internal circumferential lamellae. Twofold division.

Type I.
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EIGHT FEMUE OF KANA AKEOLATA CIECULOSA. NO. F 72 3, U. S. NAT. MUS.

Pl. 2, Fig. 21. Syn. Tab. I

Antero-posterior diameter of bone, 2 mm. ; lateral, 2 mm.

Antero-posterior diameter of medullary canal, 1.5 mm. ; lateral, 1.4 mm.

The medullary canal is full. Medullary index, 110%.

Structure.—The section is composed of concentric lamellag with oval lacunae

and bushy canalieuli surrounding the medullarj' canal. The bone is uniform in

structure. A portion of the nutrient canal is seen.

Type I.

EIGHT FEMUE OF RANA AGILIS AUEOEA. NO. F 50 10, U. S. NAT. MUS.

Pl. 2, Fig. 22. Syn. Tab. I

Antero-posterior diameter of bone, 1.5 mm.; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 19%.

Structure.—The section is composed of lamellae with oval lacunae and

straight canalieuli surrounding the medullary canal, and divided into dim, wide

external and narrow internal rings. Twofold division.

Type I.

EIGHT FEMUE OF EANA PEETIOSA. NO. F 75 11, U. S. NAT. MUS.

Pl. 2. Fig. 23. Syn. Tab. I

Antero-posterior diameter of bone, 2 mm.; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 1 mm.; lateral, 0.8 mm.

The medullary canal is full. Medullary index, 41%.

Structure.—The section is composed of lamellae with round and oval lacunae

and bush}' canalieuli, dimly separated into four or five concentric divisions.

In some portions of the section a few radiating canals are seen.

Type I.

RIGHT FEMUR OF EANA DRAVTONll. NO. F 70 14, U. S. NAT. MUS.

Pl. 2. Fig. 24. Syx. T.\b. I

Autero-posterior diameter of bone, 3 mm. ; lateral, 3 mm.
Antero-posterior diameter of medullary canal, 1.5 mm.; lateral, 1.5 mm.
The medullary canal is full and eccentrically situated. Medullary index,

33%.

Structure.—The section is composed of lamellas with round and oval lacunae

and bushy canalieuli surrounding the medullary canal. The lacunae are gen-

erally arranged in conceniric rows and their bushy canalieuli extend outward
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from them. The eanalieuli frecjiieutly unite and form a fine network. In some

parts of the section there are large radiating canals extending the whole width

of the walls of the bone. These canals communicate with adjacent lacunae by

fine caualiculi. The section as a whole has a bushy appearance. The large

radiating canals seem to be found only in the frogs of large size.

Type I.

RIGHT FEMUR OF SPELERPES RUBER. RED SALAMANDER. AMER. MUS. XAT. HIST.

1?L. 2, Fi(i. 25. Syx. Tab. I

Antero-posterior diameter of bone, 1 mm.; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.3 nnn.; lateral, 0.2 mm.

The medullary canal is full. Medullary index, 4yf

.

Sfnictiire.—The entire section is composed of lamella' with elongated

lacunas and bushy canaliculi enclosing the medullary canal. The bone has a

uniform structure.

Type I.

RIGHT FEMUR OF CRVPTOBRANCHUS ALLEGHENIENSIS. HELLBENDER.

AMER. MUS. NAT. HIST.

Pl. 2. Fig. 26. Syx. Tab. I

Antero-posterior diameter of bone, 2.5 mm.; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 79f.

Structure.—With the exception of a few lamella? around the medullary

canal the entire section is composed of round and oval lacunsp with bushy cana-

liculi embedded in bone substance and arranged concentrically around the

medullary canal. The medullary canal is relatively small. A slight structural

differentiation appears in the lamellfe around the medullary canal. Twofold

division.

Type I.

RIGHT FEMUR OF NECTURUS MACULATUS. AMER. MUS. NAT. HIST.

Pl. 2. Fig. 2r. Syx. Tab. I

Antero-posterior diameter of bone, 2 mm. ; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 9%.

Structure.—Around the section are a few enclosing lamellae Avith rather

long lacuna?. Nearly the entire section is composed of large, oval, round, and

elongated lacuna? with bushy canaliculi arranged radially between enclosing

lamelte. The arrangement of the lacuna? is such as to give a radiating appear-
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ance. Around the medullary canal are a few lamella' with long lacunie and long

and straight canaliculi. Threefold division.

Type I.

EIGHT FEMUR OF SCAPHIOPT'S HOLBROOKII. SPADEFOOT TOAD. AMER. MVS. XAT. HIST.

Pl. 2, Fig. 28. Syx. Tab. I

Antero-posterior diameter of bone, 1.5 mm.; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0..) mm.; lateral, U.o mm.

The medullary canal is full. Medullary index, 11%.

Structure.—The section is composed of two divisions, one, external, com-

posed of concentric lamella; with round and oval lacuna^ and long, straight

canaliculi, and the other, internal, composed of circumferential lamell* with

long, narrow lacunae and long, straight canaliculi. Twofold division.

Tj-pe I.

RIGHT FEMUK OF SCAPHIOPITS COXTCHII. NO. F 50 20, U. S. X.AT. Mt'S.

Pl. 2. Fig. 29. Syx. Tab. 1

Antero-posterior diametei- of hone, 1 niiiL ; latei'al, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.6 mm.

Medullary canal is full. Medullary index, 24%.

Structure.—The section is composed of lamellae with long lacuna^ and bushy

canaliculi, indistinctly divided into concentric rings which surround the medul-

lary canal.

Tj-pe I.

RIGHT FEMUR OF SCAPHIOPUS HAMMONDII. NO. F 20 6, U. S. XAT. MUS.

Pl. 2. Fig. .30. Syx. Tab. I

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 nmi.

The medullary canal is full. Medullary intlex, 33 '/c.

Structure.—The section is composed of concentric rings of lamelhe sur-

rounding a central medullary canal. The lacuna' <irc oval and the canaliculi

are long.

Type I.

right femur of pi pa americaxa. st-rixaji toad. amer. mus. nat. hist.

Pl. .1. Fig. ?,\. Syx. Tab. 1

Antero-posterior diamcler of bone, 3.5 nun.; lateral, 5.5 mm.

Antero-posterior diameter of medullary canal, 0.8 mm. ; lateral, 0.8 nun.

The medullary canal is full. Mednllai'y index, 3%.
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Structure.—The seotiou is surrounded by a wide ring- of lamella' with long

lacuufe and rather infrecjuent bushy canaliculi, interrupted by Haversian canals

of the (la) differentiation. Tlie ring is widest in the lateral walls. The canals

appear in cross and oblique sections. Underneatli this ring is a wide, central

ring composed of crude lamella' with oval lacumx; and relatively few canaliculi,

enclosing large, irregularly shaped canals with surrounding, clear areas and

presenting a general concentric arrangement. A few internal circumferential

lamella with long lacunae surround the medullary canal. Two large, open, round

spaces appear, one in the inner posterior wall and the other in the outer lateral

wall. The femur shows the three usual divisions—external circumferential

lamelte, central ring, internal circumferential lamellae and primiti\e Haversian

canals—all of which indicate slight advancement. Structural differentiation is

shown by the three divisions and primitive Haversian canals.

Type I-III, la.

RIGHT FEMUR OF BUFO AGUA. BERMUDA TOAD. NO. 1113, AMEE. MUS. NAT. HIST.

Pl. 3, Fig. 32. Syn. Tab. I

Antero-posterior diameter of bone, 5 mm. ; lateral, 3.5 mm.

Antero-posterior diameter of medullary canal, 2.5 mm. ; lateral, 2 mm.

Thie medullary canal is full. Medullary index, 39%.

Structure.—The section is surrounded by a wide band of bone substance

with long, obliquely arranged lacunae and straight canaliculi, interrupted by

round, oval, and elongated tilled canals around which are clear areas (la, dif-

ferentiation). Underneath this band is a wide central ring of lamellae with oval

lacunae and bushj^ canaliculi, interrupted by elongated and oval-filled canals

surrounded by clear areas of bone substance (la, differentiation). Fine cana-

liculi pass from these canals to adjacent lacuna\ The canals mark the begin-

ning of Haversian systems. Around the medullary canal is a narrow ring of

lamellae with oval lacunae and bushy canaliculi. Threefold division.

Type I-III, la.

RIGHT FEMUR OF BUFO HALOPHILUS. NO. E 35 8, U. S. NAT. MUS.

Pl. 3, Fig. 33. Syn. Tab. I

Antero-posterior diameter of bone, 2 mm. ; lateral, 2 mm.

Antero-posterior diameter of medullary canal, 1.5 mm.; lateral, 1.5 mm.

The medullary canal is full. Medullary index, 129^;

.

Structure.—Tlie structure shows the three divisions. The external cir-

cumferential lamellae form a narrow boundary ring. The central ring consti-

tutes most all of the section, and is composed of lamellae with oval lacumi' and

bushy canaliculi. In the anterior and posterior walls tlic ring is traversed by
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Haversiaii canals of the (la) differentiatiou. luteriial circumferential lamellae

form a narrow ring around the medullary canal.

Type I-III, la.

RIGHT FEMUE OF BUFO COLUMBIENSIS. NO. E 40, U. S. NAT. MUS.

Pl. 3, Fig. 34. Syn. Tab. I

Antero-posterior diameter of bone, 2 mm. ; lateral, 2 mm.

Antero-posterior diameter of medullary canal, 1.4 mm.; lateral, 1.3 mm.

The medullary canal is full. Medullary index, 111%.

Structure.—The section shows the three divisions, external circumferential

lamellae very thin, central ring of lamellae, and internal circumferential lamellae.

The external lamellae are little more than a condensation of the external portion

of the central ring. The central ring consists of concentric lamella; with oval

lacunae. In the posterior and part of the lateral walls, oval lacunae with bushy

eanaliculi are crowded together between the central ring and internal lamellae.

A few canals appear in the inner wall. The internal circumferential lamella:!

form a narrow ring around the medullary canal.

Type I-III, la.

RIGHT FEMUR OF BUFO LENTIGINOSUS WOODHOUSII. NO. E 45 9, U. S. NAT. MUS.

Pl. 3, Fig. 35. Syn. Tab. I

Antero-posterior diameter of bone, 2.5 mm. ; lateral, 2 mm.

Antero-posterior diameter of medullary canal, 1.5 nnn.; lateral, 1 mm.

The medullary canal is full. Medullary index, 45%.

Structure.—The section is composed of a thick ring of concentric lamellae

with oval lacunas, crossed by numerous radiating canals and perforated by a

few Haversian canals (la). Internal circumferential lamellae form a narrow

ring around the medullary canal. Twofold division.

Type I-III, la.

RIGHT FEMUR OF BUFO AMERICANUS. AMERICAN TOAD. AMER. MUS. NAT. HIST.

Pl. 3, FiG. 36. Syn. Tab. 1

Antero-posterior diameter of bone, 2.5 mm. ; lateral, 2 mm.

Antero-posterior diameter of medullary canal, 1 nuiL ; hitcral, (t.n mm.

The medullary canal is full. Medullary index, 15%.

Structure.—The section is surrounded by a wide band of lamella; with oval

lacuna; and bushy eanaliculi, interrupted by frequent Haversian canals of the

(la) differentiation. The band is widest in the anterior and inner walls.
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Underneath this band is a single lamina with long, well-developed lacunse

and straight canalieuli, parallel with neither surface of the bone, but occupying

an irregular position.

Underneath the lamina is a wide central ring of lamellae with oval lacunae

and bushy canalieuli, interrupted by frequent Haversian canals of the (la)

differentiation. A narrow ring of internal circumferential lamellae surrounds

the medullary canal. Threefold division.

Type I-II-III, la.

EIGHT FEMUR OF BUFO LENTIGINOSUS COGNATUS. NO. 13 11, U. S. NAT. MUS.

Pl. 3, Fig. 37. Syn. Tab. I

Antero-posterior diameter of bone, 2 mm. ; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 1 mm. ; lateral, 0.9 mm.

The medullary canal is full. Medullary index, 42%.

Structure.—The three divisions are evident. The external circumferential

lamellae, with long lacunae and straight canalieuli, surround the section. The

central ring is composed of lamellae with oval lacuna perforated by Haversian

canals of the (la) differentiation. The internal circumferential lamellae form

a narrow ring around the medullary canal.

Type I-III, la.

RIGHT FEMUR OF BUFO VALLICEPS. NO. E 21 5, U. S. NAT. MUS.

Pl. 3, Fig. 38. Syn. Tab. I

Antero-posterior diameter of bone, 2 mm. ; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.9 mm. ; lateral, 0.8 mm.

The medullary canal is full. Medullary index, 31%.

Structure.-—The section is surrounded by a thick band of lamellae with oval

lacunae and bushy canalieuli. It is perforated by numerous Haversian canals of

the (la) differentiation. In the inner wall many radiating canals appear. The

canalieuli from adjacent lacunae extend into both the circular and radiating

canals. A narrow ring of internal circumferential lamellae encloses the medul-

lary canal. Twofold division.

Type I-III, la.

RIGHT FEMUR OF RANA BOYLII. NO. F 61 20, U. S. NAT. MUS.

Pl. 3, Fig. 39. Syn. Tah. I

Antero-posterior diameter of bone, 1 nnn. ; lateral, O.fi mm.

Antero-posterior diameter of medullary canal, 0.5 nun.; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 47%.
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Structure.—The seftioii is comijosed of two parts, viz. : A wide riug of

external lamellae with o\al lacunae and bnsliy canalicnli, and a narrow ring of

internal lamelte with long, narrow lacunae and straight canalicnli around the

medullar}' canal. Twofold division.

Type I.

VII. REPTILES

Thirty-four femora were examined.

General Character of the Femur

The general shape of tJie reptilian femur varies considerably. The tri-

angular, elliptical, round, and indeterminate forms are present. The majority

are elliptical. In some sections the antero-posterior diameters are longest, as

in many of the lizards, and in others the lateral diameters are longest, as in

the turtles.

The contents of the medullary canals are variable in character. In the

lizards they are filled with marrow and in the turtle with cancellous bone, the

meshes of wliich are filled with marrow.

The medullary surfaces are smooth in tlie small, and rough in the large,

femora.

The medullary index varies from to 88% with an a\erage of 26.1%.

Excluding the turtles, in most of which the index is zero, the average is 33%.

The reptilian femora follow about the same kind of development as was

seen in the amphibians, but the development is carried further.

The first type of Ixme predominates in liotli amphibians and reptiles. Ha-

versian canals, (la) stage, appear in the amphibians, while a better developed

form of Haversian system, (lb) stage, is found in some of the reptiles. In the

amphibians the external, internal circumferential lamella', and central ring

ai)i)ear, while in the reptiles these divisions are not prominent. Cancellous

bone was found in (iiie amphibian, the Amblystoma. It does not appear in

the lizards, and is a characteristic structure of turtles.

Det.ailed Examination

RiriTIT FEMUR OF SPHENODON PUNCTATA (mOST PRIMITIVE OF REPTILES).

AMER. MUS. NAT. HLST.

Pl. 3, Fig. 40. Syn. Tah. 1

1

Antero-]Kistei-i()r diameter of bone, .'! nun.; lateral, 2.") mm.

Antero-])osterioi' diameter of medullary canal, 1.3 nun.; lateral, 1 mm.

The medullary canal is full. Medullary index, 26%.

Stnicturc.—The section is composed entirely of concentric lamella' with

oval lacuna' and busliv i-anaiiculi surrounding ihe nicihillary canal. A large
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vascular canal appears in the inner and posterior wall. There is very little

dilt'erentiation of structure. The bone is uniform.

Type I.

EIGHT FEMUR OF PHRVXOSOMA CORNUTUM. TEXAS HORNED TOAD. XO. lliUO,

AMER. MUS. NAT. HIST.

Pl. 3, Pig. -II. Syx. Tab. II

Autero-posterior diameter of bone, '2.H mm.; lateral, 1.5 nun.

Antero-posterior diameter of medullary canal, 0.8 mm.; lateral, U.5 mm.

The medullary canal is full. Medullary index, 10%.

Structure.—The section is composed of concentric lamelkc with long and

oval lacunae aud straight aud bushy canaliculi surrounding the medullary canal.

The lacunie of the external portion are long aud narrow with straight canaliculi,

and those of the medullary portion are oval with bushy canaliculi. There is

very little differentiation of structure. The section shows an indistinct twofold

division.

Type I.

LEFT FEMUR OF CHAM.ffiLE0 VULGABIS. CHAMELEON. XO. 135, AMER. MUS. XAT. HIST.

Pl. 3, Fig. 42. Syx. Tab. II

Autei-o-posterior diameter of bone, 1.8 mm.; lateral, 1.5 nmu

Antero-posterior diameter of medullary canal, 1 mm. ; lateral, 0.8 mm.

The medullary canal is full. Medullary index, 42%.

Structure.—The section is composed of an external ring of lamellae with

oval lacuna? and bushy canaliculi. The lacunse tend to flatten as they reach the

external surface. In the posterior wall the lacunae are large aud nearly round.

Underneath this ring is another of lamellae with oval lacuna? and bushy canali-

culi. The two rings are separated by concentric, central lacunae closely packed

together. The bone shows an indistinct twofold division.

Type I.

RIGHT FEMUR OF PHRVXOSOMA DOUGL-iSSH. X^O. L 50 12, U. S. SAT. MUS.

Pl. 3. Fig. 43. Syx. Tab. II

Antero-posterior diameter of bone, 2 mm.; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 12%.

Structure.—The section is composed of concentric lamellae with oval lacunae

and long canaliculi surrounding the medullary canal. Little or no dilTerentia-

tion has occurred. The section has a uniform structure.

Type I.
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RIGHT FEMUB OF PTYCHOZOON HOMALOCEPHALUM GECKO. NO. 684

AMER. MUS. NAT. HIST.

Pl. 3, Fig. 44. Syn. Tab. II

Antero-posterior diameter of boiie, 1 mm.; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.4 mm.

The medullary oanal is full. ]\Iedullary index, o3'/(.

Structure.—The section is composed of concentric lamelte with long lacume

and long, straight canaliculi surrounding the medullary canal. Very little dif-

ferentiation appears. The section is uniform.

Type I.

eight femur of iguana tuberculata. amer. mus. nat. hist.

Pl. :1. Fig. 4.5. Syn. Tau. 1

1

Antero-posterior diameter of bone, 3.5 unn. ; lateral, 3 mm.

Antero-posterior diameter of medullary canal, 2 mm. ; lateral, 2 mm.

The medullary canal is full. Medullary index, 61%.

Structure.—The section is composed of concentric lamellae with long lacunas

and long, straight canaliculi surrounding the medullary canal. The posterior

wall is thickest and shows a column of oval laeunfE and their lamellae extending

from the medullary canal toward the external posterior surface. Very little

differentiation of stiucture a])pears. The section is uniform.

Type I.

left femur of varanus salvator. amer. mus. nat. hist.

Pl. 3. Fig. 4(5. Syx. Tab. TI

Antero-posterior diameter of bone, 11 mm.; lateral, 10 nmi.

Antero-posterior diameter of medullary canal, 7 muL ; lateral, 6 muL

The medullary canal is full. Medullary index, 51%-

Structure.—The section is composed of concentric lamella- with long and

oval lacunae and bushy canaliculi surrounding the bone, with the exception of

the posterior wall. The lamellae are partially separated into lamina' by con-

centric rows of long lacunae placed end to end. Numerous short canals, ])aral]el

to each other and radiating from the medullary canal, cross the lamelhp. Around

the canals are clear areas of bone substance crossed in many instances by fine

canaliculi. In the posterior and inner wall the concentric lamella? are displaced

by canals and oval lacunae with bushy canaliculi extending from the external

surface to the medullary canal. The canals mark the locations of future Ha-

versian systems. Fragments of lamella? sunound the medullary canal. In the
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posterior wall a little cancellous bone appears. The bone shows an early dif-

ferentiation by its traces of laminae and Haversian canals.

Type I-III, la.

RIGHT FEMUR OF AMPHIBOLURUS BARBATUS. (AUSTRALIA.)

AMER. MUS. NAT. HIST.

Pl. 3, Fig. 47. Syn. Tab. II

Antero-posterior diameter of bone, 3 mm.; lateral, 4 mm.
Antero-posterior diameter of medullary canal, 1.5 mm.; lateral, 2.5 mm.
The medullary canal is full. Medullary index, 49%.

Structure.—The section is composed of concentric lamellae with long and

oval lacunae and long, straight canaliculi surrounding the medullary canal. No
differentiation of structure is present. A large, vascular canal appears in the

inner wall. The section is uniform.

Type I.

left femur of v.ibanus arenarius. amer. mus. nat. hist.

Pl. 3, Fig. 48. Syn. Tab. JI

Antero-posterior diameter of bone, 4.5 mm. ; lateral, 3 mm.

Antero-posterior diameter of medullary canal, 3 mm. ; lateral, 2 mm.

The medullary canal is full. Medullary index, 45%.

Structure.—-ThQ section is composed of concentric lamellae with oval lacunae

and bushy canaliculi arranged around the medullary canal. Many small canals

traverse the walls of the bone radially from the medullary canal outward and

from the external surface inward. There is very little ditferentiation of struc-

ture. The section is uniform.

Type I.

RIGHT FEMUR OF VARANUS NUCP^.ALIS. MONITOR. AMER. MUS. NAT. HIST.

Pl. 3, Pig. 49. Syn. Tab. II

Antero-posterior diameter of bone, 4.5 mm.; lateral, 3.5 mm.

Antero-posterior diameter of medullary canal, 3 mm. ; lateral, 2.5 mm.

The medullary canal is full. Medullary index, 88%.

Structure.—With the exception of a small area of lamella along the medul-

lary surface of the posterior wall, the section is composed of concentric lamellae

with oval lacunae and bushy canaliculi, interrupted by a large number of short,

radiating canals around which are clear areas of bone substance. In the pos-
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terior wall the canals are circular in cross-section, elsewhere tliey are long. The

bone shows a little differentiation of structure.

Type I-III, Ta.

RIGHT fEMUK OF HELODERMA SUSPECTUM. GILA MONSTEK. NO. 583,

AMER. MUS. NAT. HIST.

PL. 4, Fig. 50. Stn. Tab. II

Antero-posterior diameter of bone, 3 mm. ; lateral, 3 mm.

Antero-posterior diameter of medullary canal, 0.7 mm. ; lateral, 0.7 mm.

The medullary canal is full. Medullary index, 5fo.

Structure.—The section is composed of concentric lamelte having oval and

long lacunsB with l)ushy and straight eanaliculi indistinctly outlined in laminae.

The external lamellae show long lacume and rather straight eanaliculi, the re-

maining lamellae, oval lacunae and bushy eanaliculi. Around the medullary

canal is an enclosing ring of lamellae with lacunje and long, straight eana-

liculi. The bone shows traces of differentiation into the three main divisions

—external, a central ring, and internal circumferential lamella?. Tliere is no

trace of an Haversian system.

Type I.

RIGHT FEMUR OF SCELOPORXJS CLARKII. NO. I 61 17, II. B. NAT. MUS.

Pl. i. Fig. ol. Syx. Tap,. II

Antero-posterior diameter of bone, 1.5 mm. ; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 12%.

Structure.—The section is composed of concentric lamellte with oval lacunae

and bushy eanaliculi surrounding the medullary canal. There is no differentia-

tion of structure. The section is uniform.

Type I.

RIGHT FEMUR OF SCELOPORUS SPINOSUS FLORIDANUS. XO. I 73 12,

U. S. NAT. MUS.

Pl. 4, Fig. 52. Syn. Tab. II

Antero-posterior diameter of bone, 1.5 mm.; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is fuU. Medullary index, 12%

.

Structure.—The section is composed of concentric lamella' with long lacuu*

and straight eanaliculi surrounding the medullary canal. Tliere is no dif-

ferentiation of structure. The section is unifonu.

Type I.
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BIGHT FEMUK OF SCELOPORUS OCCIDENTALIS. N'O. I 74 3, f. S. XAT. MUS.

Pl. 4, Fig. 53. Syn. Tab. II

Antero-posterior diameter of bone, 1.5 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullary eaiial, 0.6 mm. ; lateral, 0.5 mm.

The mednllaiy eanal is full, ^fednllary index, 24%.

Structure.—The seftion is eomi^osed of lamelte with oval and long lacunae

and straight canalieuli surrounding tlie medullaiy canal. There is no dif-

ferentiation of structure.

Type I.

right FEMUK OF SCELOPORUS MAGISTER. NO. .1 71 2, U. S. X.AT. MUS.

Pl. 4, Fig. 54. Syx. Tab. IT

Antero-posterior diameter of bone, 1.5 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 19%-.

Structure.—The section is composed of concentric lamelliP with oval lacuna;

and bushy canalieuli surrounding the medullary canal. There is no dii¥erentia-

tion of structure.

Type I.

RIGHT FEMUR OF CYCLURA CARINATA. U. S. XAT. MUS.

Pl. 4, Fin. 53. Syx. Tab. II

Antero-posterior diameter of bone, 5 mm. ; lateral, 5 mm.

Antero-posterior diameter of medullary canal, 3 mm. ; lateral, 3 mm.

The medullary canal is full. Medullary index, 56%.

Stmctitre.—The section is composed of concentric lamellse with oval lacunae

and straight canalieuli surrounding the medullary canal. There is very little

differentiation of structure. The section is uniform.

Type I.

RIGHT FEMUR OF AXIOMS CRISTATELLUS. NO. L 15 13, U. S. XAT. MUS.

Pl. 4, Fig. 56. Syx. Tab. II

Antero-posterior diameter of bone, 1 mm.; lateral, 1 niuL

Antero-posterior diameter of medullary eanal, 0.5 mm.; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of two rings of laniell*, external and

internal. The external lias long lacuna" with straight canalieuli and the internal,

oval and round lacuna" with bushy canalieuli. They are of nearly equal width.

There is very little differentiation of structure. The section shows the twofold

division.

Type I.
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EIGHT FEMUR OF CROTAPHYTUS COLLAKIS. NO. J 21 12, U. S. NAT. MUS.

PL. 4, Fig. 57. Syn. Tab. II

Antero-posterior diameter of bone, 1.5 mm. ; lateral, 1 .5 mm.

Antero-posterior diameter of medullary canal, 1 mm. ; lateral, 1 mm.

The medullary canal is full. Medullary index, 80%.

Structure.—The section is composed of two concentric rings of lamellae

surrounding the medullary canal. The external ring has long lacuna and

straight canaliculi, the internal, oval lacunae and bushy canaliculi. The section

shows the twofold division.

Type I.

LEFT FEMUR OF CROTAPHYTUS COLLARIS. NO. J 32 9, U. S. NAT. MUS.

Pl. 4. Fig. 58. Syn. Tab. II

Antero-posterior diameter of bone, 1.5 mm.; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.8 mm. ; lateral, 0.8 mm.

The medullary canal is full. Medullary index, 40%.

Structure.—The section is composed of two concentric rings of lamellje

surrounding the medullary canal. The external has long lacunae and straight

canaliculi, the internal, oval lacuna? and bushy canaliculi. The section shows

the twofold division.

Type I.

RIGHT FEMUR OF AMEIVA EXI^L. (CAYA DE SANTIAGO, POETO RJCO.) NO. L 21 11,

U. S. NAT. MUS.

Pl. 4, Fig. 59. Syn. Tab. II

Antero-posterior diameter of bone, 2 mm. ; latei-al, 2 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index. 33%.

Structure.—The section is composed of concentric lamellie with oval and

long lacunae and straight canaliculi surrounding the medullar}^ canal. There is

very little differentiation of structure. The section is uniform.

Type I.

RIGHT FEMUR OF EUMECES FASCIATUS. NO. H 31 4, U. S. NAT. MUS.

Pl. 4, Fig. 60. Syn. Tab. II

Antero-posterior diameter of bone, 1.5 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullar}^ canal, 0.6 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 24%.

Structure.—The section is composed of lamelte with oval lacunae and bushy

canaliculi dimly outlined in laminae. There is little differentiation of structure.

Type I.



no. 3 comparative histology of femur foote 55

right femur of sauromalus. no. j 40 6, v. s. nat. m us.

Pl. 4, Fig. 61. Syn. Tab. 1

1

Antero-posterior diameter of bone, 3 mm.; lateral, 2.5 mm.
Antero-posterior diameter of medullary canal, 1.5 nan.; lateral, 1.2 mm.
The medullary canal is full. Medullary index, 32%.

Structure.—The section is composed of concentric lamellae with oval lacunae

and straight canaliculi partially divided into concentric rings. A vascular canal

is seen in the posterior inner wall. A narrow ring of lamelte with long lacunae

and straight canaliculi surrounds the medullary canal.

Type I.

right femur of gerrhonotus grandis. no. i 22 4, u. s. nat. mus.

Pl. 4, Pig. 62. Syn. Tah. 1 [

Antero-posterior diameter of bone, 1.5 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.4 mm. ; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 11%.

Structure.—The section is composed of concentric lamellae with oval and

long laemife and straight and bushy canaliculi. Around the i)osterior and

lateral medullary surface is a crescent of basic bone substance with round

lacuna? and bushj' canaliculi.

Type I.

RIGHT FEMUR OF PYTHON REGIUS. PYTHON. (114- FEET IN LENGTH

DIED AT WASHINGTON ZOo)

Pl. 4, Fig. 63. Syn. Tab. II

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.6 mm.

Antero-posterior diameter of medullary canal, 0.4 mm. ; lateral, 0.3 mm.

The medullary canal is full. Medullary index, 24%.

Structure.—The femur is rudimentary. The section is composed of lamellae

arranged in a peculiar manner. In the anterior wall they are arranged con-

centrically around a semicircle with a short radius. In the lateral and pos-

terior wall the lamellae take a long curve from the medullary surface of the

anterior wall. The lacuna; are round and the canaliculi are bushy. The anterior

wall is best developed. A narrow ring of internal lamellae with long lacunae

and straight canaliculi surrounds the medullary canal.

Type I.

5
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LEFT FEMUR OF THE SAME PYTHON KEGIUS. U. S. NAT. MUS.

Pl. 4, Pig. 64. Syn. Tab. II

Anteroposterior diameter of bone, 1 mm.; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 28%.

Strncture.—The section is composed of two rings of lamelte, viz.: external

and internal. The external is thickest and is composed of lamellae with a few

round and oval lacuniB and bushy canaliculi. The canaliculi of the posterior

wall are long and straight and, in the anterior wall, infrequent and bushy. A
narrow ring of internal lamella; with long lacumis and straight canaliculi sur-

rounds the medullary canal.

Type I.

LEFT FEMUK OF AI^LIGATOR MISSISSJPPIENSIS. ALLIGATOR. CK. MED. COLL.

Pl. 4, Fig. 65. Syn. Tab. II

Antero-posterior diameter of bone, 17 mm.; lateral, 15 mm.

Antero-posterior diameter of medullary canal, 7 mm. ; lateral, 6 mm.

The medullary canal is full. Medullary index, 20%.

Structure.-—A thin cross-section of this femur held up to tlie light presents

a ringed appearance like that of a cross-section of the trunk of a tree.

The section is composed of three concentric rings of laminae with long, nar-

row lacuna and straight canaliculi, alternating with four concentric rings of

bone substance enclosing crude Haversian canals. The Haversian canals are

round, oval, or irregular in shape, are large and small in size, and very numer-

ous. They are surrounded by clear areas of bone substance and many fine cana-

liculi from concentric adjacent oval lacunae pass radially across the areas of bone

substance into the canals. The (lb) stage of the Haversian system is repre-

sented. The laminae are fairly well developed.

Type I-II-III, la, lb.

FEMUR OF CHELYDRA SERPENTINA. SNAPPING TURTLE. CR. MED. COLL.

Pl. 4, Fig. 66. Syn. Tab. II

Antero-posterior diameter of bone, 8 mm. ; lateral, 8.5 mm.

Antero-posterior diameter of medullary canal, 1 mm. ; lateral, 1 mm.

The medullary canal is full. Medullary index, 1.5%.

Structure.—The wall of the shaft is very thick, proportionately, and the

medullary canal is very small. The femur is nearly solid. The section has

four concentric rings of laminae alternating with three concentric rings of bone

substance in which are many Haversian canals. The canals are much more

regular in shape than they were in the alligator and are surrounded by smaller,
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clear areas of bone substance. Oval lacunte are arranged concentrically around

the boundaries of these areas and bushy canaliculi pass from the laeunfc to the

canals. The lamiiife are much better develojjed than the Plaversian systems

which have reached the (lb) differentiation. The posterior wall is composed

of bone substance with round lacunae and bushy canaliculi arranged as a crude

cancellous bone and merges into tlie cancellous bone of tlie medullary canal.

Type I-II-III, la, lb.

RIGHT FEMUR OF TRIONYX SPINIB'ER. SOFT-SHELLED TURTLE. NO. 2325,

AMER. MUS. NAT. HIST.

Pl. 4, Fig. 67. Syn. Tab. II

Antero-posterior diameter of bone, 3.5 mm.; lateral, 5.5 mm.

Antero-posterior diameter of medullary canal—cancellous bone.

The medullary canal is full. Medullary index, 0.

Structure.—The section is surrounded by a ring of lamellaB with oval lacuna?

and bushy canaliculi. It is interrupted by Haversian canals of the (la) dif-

ferentiation. In the posterior wall Jiere and there an Haversian system appears

in the (lb) stage of advancement. Cancellous bone occupies the central canal

of the bone and is derived, by extension, from the enclosing lamellar ring. The

walls of the cancellous meshes are composed of lamella with oval and long

lacunae and straight canaliculi. There is no individual medullary canal.

Type I-III, la, lb.

RIGHT FEMUR OF CINOSTERNUM PENNSYLVANICUM. MUD TURTLE.

AMER. MUS. NAT. HIST.

Pl. 4, Fig. 68. Syn. Tab. II

Antero-posterior diameter of bone, 3 mm.; lateral, 3.5 mm.

Antero-posterior diameter of medullary canal—cancellous bone.

The medullary canal "is full. Medullary index, 0.

Structure.—The section is surrounded by a narrow ring of lamellae with

oval lacuna? and bushy canaliculi, from which is derived the cancellous bone

which fills the medullary canal. A few Haversian systems of the (lb) dif-

ferentiation are found in the posterior wall.

Type I-III, lb.

RIGHT FEMUR OF CHELOPUS GUTTATUS. SPOTTED TURTLE. AMER. MUS. NAT. HIST.

Pl. 4, Fig. 69. Syn. Tab. II

Antero-posterior diameter of bone, 2.5 mm. ; lateral, 4 mm.

Antero-posterior diameter of medullary canal—cancellous bone.

The medullary canal is full. Medullary index, 0.
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Structure.—The section is surroiiiided by a narrow riii,^- (if laiiiellir witli

o\al lacunae and bushy canaliculi, interrupted by' a few Haversian canals of

the (la) differentiation. From tlie under surface of this ring is derived a

cancellous bone which entirely fills the medullary canal. The walls of the

meshes are composed of lamella' with oval lacuna; and bushy canaliculi. In the

posterior wall are a few Haversian systems of the (lb) stage of development.

Type I-III, la, lb.

LEFT FEMUR OK CHKVSEMYS I'K^I'A. PAINTED TURTLE. AMER. MUS. NAT. HIST.

Pl. 4, Fig. iO. Syn. Tau. U

Antero-posterior diameter of bone, 2.5 mm. ; lateral, 4 mm.

Antero-posterior diameter of medullary canal—can<:;cllous bone.

The medullary canal is full. Medullary index, 0.

Structure.—The section is sun-ounded by a ring of lamelhc wiiii (i\;il

lacunar and bushy canaliculi, iiilci ruptcd by a few Haversian canals of the

(la) differentiation. Haversian systems of the (lb) stage of devehtimicnt arc

found in the posterior wall. From the lamellar ring is dcri\cd the cancelions

bone which occupies the whole medullaiy caiuil.

Type II 11, la, lb.

EIGHT FEMUR OF AROMOCHELYS ODOKATUS. MUSK TURTLE. AMER. MUS. NAT. HIST.

Pl. a, Fig. 71. Syx. Tab. It

Antero-posterior diameter of bone, 1.8 mm.; lateral, 1.4 mm.

Antero-posterior diameter of mofhillary canal, 0.3 mm.; latei'al, 0.3 nnii.

The medullary canal is full. Medullary index, ^%.

Structure.—The section is surrounded by a band of lamellae of various

widths. The lacuna? are long and their canalirnli aic long and straighl. I'uder-

neath this is a central ring of lamelhc with oval huMuuc and bushy caiialiciili.

In this ring are several Haversian systems of the (lb) dilferentiation forming

a circular row around the medullary canal.

Around the medullary canal is a riiig of internal circumferential lamelhc

with long lacuna; and straight canaliculi. The bone shows the outlines of the

three dixisions—external and internal circuiriferential lamellae and the central

liim of lamellaj with Haversian systems.

Type l-1 1 1, 111.

RIGHT FEMUR OF PSEUDEMYS FLORIDANA. NO. 28417, U. S. NAT. MUS.

Pl. I, Fig. 72. Syv. Tah. IF

Antero-postei'ior diameter of bone, 4 mtn.; latei'al, .'! mm.

Antero-posterior diameter of medullary canal

—

cancellous bone.

Medullary index, 0.
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Structure.—The seetion is composed of lamella? with oval laciime and bushy

canaliculi, incompletoly separated into lamiiisr which surround the medullary

canal. In the posterior wall the crude lamina? are frequently interrupted hy

Haversian canals of the (lb) differentiation. In the internal lamina? of the

anterior wall are several crude undeveloped and a few fairly well developed

Haversian systems. The medullary canal is occupied by cancellous bone.

Tvpc I IT 111. Th.

RIGHT FEMUK OF TESTUDO (gOPHERUS) POLM'HEMUS. NO. 7555, U. S. NAP. .MUS.

PL. 4, Fig. 73. SyxV. Tab. II

Antei-o-posterior diameter of bone, 8.5 mm. ; lateral, 6 mm.

Antero-posterior diameter of medullary canal—cancellous bone.

The medullary canal is full. Medullary index, 0.

Structure.—The section is composed of incompletely formed, concentric

laminfe which constitute the anterior, outer, and posterior wall. The laminae

are crossed by short, radiating canals and interrupted by Haversian systems

of the (la) differentiation. Beneath the laminae of the anterior and outer

wall are Haversian systems of the (lb) stage of development and the posterior

ridge is made ui) ahnost entirely of Haversian systems of the same develop-

ment. The inner wall is composed of lamellae.

Type 1 III, Ta, 11..

VIII. BIRDS

Forty femora were examined.

General Character of the Femur

The femora of birds vary considerably in shape. A few are triangulai-,

many are elliptical, and some are circular. The majority of them are elliptical

and tlieir antero-posterior diameters are longest. The meduUaiy contents pre-

sent a variable character. In some femora the medullary canals are full of

marrow; in some, of cancellous bone, the meshes of which are filled with mar-

row; while in others, the canals are empty or occupied by trabeculae only. About

half of the femora examined have no contents.

The medullary surfaces also vary somewhat in character. In those (ianals

filled with marrow and blood vessels the surface is uneven, while in those

which have no contents the surface is smooth. In these bones the walls are thin,

the canals large, and the trabeculae are numerous. Tlie medullary index varies

from to 327%, with an average of 159%.

The bone structures show considerable variation. The three single types

an.l many combinations of types, in an incomplete or complete differentiation.



60 SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE VOL. 35

are found. None of these, with the possible exception of tlie first, have reached

their full development. The second is found in a very incomplete and an

advanced stage and forms the structure of a large number of femora; while

the third has assumed a more complex form than that found in reptiles. The

Haversian systems are comparatively large, the Haversian canals are small

and around them are concentrically arranged round or oval lacunae with intri-

cate networks of canaliculi. This is the (Ic) stage of Haversian differentiation

and is characteristic of birds.

Detailed Examination

EIGHT FEMUK of CYANOCITTA STELLEEI AZTECA. AZTEC JAY. NO. 2874,

AMEK. MUS. NAT. HIST.

Pl. 5, Fig. 74. Syn. Tab. Ill

Antero-posterior diameter of bone, 3 mm. ; lateral, 2.5 mm.

Antero-posterior diameter of medullary canal, 2 mm. ; lateral, 1.5 mm.

The medullary canal is full. Medullary index, 68%.

Structure.—The section is composed of bone substance with oval lacunaj

and bushy canaliculi surrounding the medullary canal. The bone substance is

partially separated into laminte by short canals. The bone shows but little

differentiation of structure.

Type I-II.

LEFT FEMUK OF MEEGUS SEEEATOE. EED-BEEASTED MEEGANSEE. NO. 3117,

» AMEE. MUS. NAT. HIST.

Pl. 5, Fig. 75. Syn. Tab. Ill

Antero-posterior diameter of bone, 6.5 mm. ; lateral, 4.5 nmi.

Antero-posterior diameter of medullary canal, 4.5 mm. ; lateral, 2.5 mm.
The medullary canal is full. Medullary index, 68%.

Structure.—The section is composed of bone substance with oval lacunae

and bushy canaliculi, separated into incomplete laminae by short, concentric,

branching canals. A few vascular canals running longitudinally appear in the

posterior inner and anterior wall. In the bone substance are a few Haversian

systems of the (Ic) stage of development, and a single better differentiated

system occurs in the tip of the posterior ridge. The lacunas are oval. A nar-

row ring of internal circumferential lamellae with long lacunae and straight

canaliculi surrounds the medullary canal.

Type I-II-III, Ic.
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EIGHT FEMUR OF AJAIA AJAJA. ROSEATE SPOONBILL. NO. 2858, AMER. MUS. N.\T. HIST.

Pl. 5, Fig. 76. Syn. Tab. Ill

Antero-posterior diameter of bone, 7 mm. ; lateral, 6 mm.
Antero-posterior diameter of medullary canal, 5 mm. ; lateral, 4.5 mm.
Medullary index, 114%.

Structure.—With the exception of two rather crude Haversian systems

in the posterior ridge the section is composed of lamellae, with oval lacunae and

bushy canaliculi, separated by canals of a branching character into crude

laminae. The general direction of the canals is concentric. The bone shows

very little differentiation of structure.

Type I-II.

RIGHT FEMUR OP TYMPANUCHUS AMEHICANUS. PRAIRIE CHICKEN. CR. MED. COLL.

Pl. 5, Fig. 77. Syn. Tab. Ill

Antero-posterior diameter of bone, 5 mm. ; lateral 6 mm.
Antero-posterior diameter of medullary canal, 4 mm. ; lateral, 4.5 mm.
The medullary canal is empty. Medullary index, 148%.

Structure.—The bone is composed of lamellae, crossed at all angles by short

canals, some of which extend inward from the external surface. In the pos-

terior and outer wall they unite and form a coarse network, while in the

anterior and inner wall they do not. Their lacunae are oval or narrow and their

canaliculi are bushy or long and branching.

A very few Haversian systems of the (Ic) stage are found interrupting

the lamellae of the anterior and inner wall. In the posterior wall are two ridges

separated by a concave intermediate wall of bone. Two or three undeveloped

Haversian systems are found in each ridge.

The internal circumferential lamellae surround the medullary canal. They

are well developed. Their lacunae are long and narrow and their canaliculi are

long and branching.

Type I.

RIGHT FEMUR OF NUMIDA MELEAGRIS. GUINEA FOWL. CR. MED. COLL.

Pl. 5, Fig. 77^. Syn. Tab. Ill

Antero-posterior diameter of bone, 7 mm. ; lateral, 8 mm.

Antero-posterior diameter of medullary canal, 5 mm. ; lateral, 6 mm.
The medullary canal is full. Medullary index, 116%.

Structure.—The section is composed of crude laminje witli oval lacunte and

bushy canaliculi, interrupted by Haversian systems of the (Ic) differentiation.

In the anterior and posterior wall the laminae liave a radial direction. The
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internal circumferential lamellae with long lacunas and straight canaliculi form

a narrow ring around the medullary canal.

Typo II-III, Ic.

EIGHT FEMtIK OF CYANOCITTA CRISTATA. BLUE JAY. CR. MED. COLL.

Pl. 5, Fig. 78. Syn. Tab. Ill

Antero-posterior diameter of bone, 2.5 mm. ; lateral, 2.5 mm .

Antero-posterior diameter of medullary canal, 1.5 mm. ; lateral, 1.5 mm.

The bone is nearly round. The medullary canal is full. Medullary index,

56%.

Structure.—The section is composed of bone substance separated into crude

laminae by short, branching, more or less concentric canals. A few Haversian

systems of the (le) stage of differentiation appear here and there. The lacunae

are oval and the canaliculi are short and bushy.

Type II-III, Ic.

LEFT FEMUR OF PTEROGLOSSUS TOEQUATUS. BANDED TOUCAN. NO. 2854,

AMER. MUS. NAT. HIST.

Pl. 5, Fig. 79. Syn. Tab. Ill

Antero-posterior diameter of bone, 3 mm. ; lateral, 3 mm.

Antero-posterior diameter of medullary canal, 2 mm. ; lateral, 2 mm.

The medullary canal is fuU. Medullary index, 80%.

Structure.—^ho; section is composed of concentric lamellae with oval lacunae

and bushy canaliculi, crossed by a few short canals surrounding the medullary

canal.

T3Te I.

LEFT FEMUR OP CHARADKIUS PLUVIALIS. GOLDEN PLOVER. NO. 3356,

AMER. MUS. NAT. HIST.

Pl. 5, Fig. 80. Syn. Tab. Ill

Antero-posterior diameter of bone, 2.5 mm.; lateral, 2.5 mm.

Antero-posterior diameter of medullary canal, 1.5 mm. ; lateral, 1.5 mm.

The medullary canal is full. Medullary index, 56%.

Structure.—The section is composed of concentric lamellae with oval lacunas

and bushy canaliculi, interrupted by a few crude Haversian systems. The la-

mellae are partially separated into laminae by short concentric canals. The bone

shows little differentiation.

Type IL
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LEFT FEMUR OF AMAZONA ORATEIX. MEXICAN YELLOW-HEADED PARROT. NO. 3025,

AMER. MUS. NAT. HIST.

J'l,. r.. Fig. 81. Stn. Tab. Ill

Antero-posterior diameter of bone, 4 mm. ; lateral, 3.5 mm.

Antero-posterior diameter of medullary canal, 3 mm. ; lateral, 3 mm.

The medullary canal is full. Medullary index, 177%.

Structure.—The section is composed of lamellae with oval lacunse and bushy

canaliculi, incompletely separated into dim laminsB by short, concentric canals

and interrupted by Haversian canals of the (la) differentiation. In the central

portion of the section, and extending nearly around it, is a concentric row of

Haversian systems of the (Ic) dift'erentiation. In the posterior wall, oval lacun;B

are crowded together along the medullary surface.

Type II-III, la, Ic.

RIGHT FEMUR OF TURDUS MIGRATORIUS. ROBIN. ("R. MED. COLL.

Pl. 5, Fig. 82. Syn. Tab. Ill

Antero-posterior diameter of bone, 2 mm.; lateral, 2 mm.

Antero-posterior diameter of medullary canal, 1.5 mm.; lateral, 1.5 mm.

The medullary canal is full. Medullary index, 129%.

Structure.—The section is composed of concentric lamella; with oval and

long lacunae and straight and bushy canaliculi surrounding the medullary canal.

A concentric row of small Haversian systems of the (Ic) stage is found in the

central portion of the wall of the bone. A few canals cross the bone in different

directions.

Type I-III, Ic.

FEMUR OF PELECANUS ERYTHRORHYNCHUS. WHITE PELICAN. CR. MED. COLL.

Pl. 5, Fig. 83. Syx. Tab. Ill

Antero-posterior diameter of bone, 12 mm. ; lateral, 10 mm.

Antero-posterior diameter of medullary canal, ; lateral, 0.

The central ijortion of the bone is cancellous. Medullary index, 0.

Structure.—The external circumferential lamellse form a narrow enclosing

ring. Underneath this is a central ring of Haversian systems of the (Ic) dif-

ferentiation with canals running at all angles. Beneath this is a narrow ring of

internal circumferential lamellfe from the inside of which is derived a cancellous

structure occupying the whole medullary region of the bone. The meshes are

filled with insoluble matter. A very small medullary canal is situated in the

posterior half of the section.

Type T-IIT, Tc
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BIGHT FEMUR OF ARA MACAO. MACAW. CR. MED. COLL.

Pl. 5, Fig. 84. Stn. Tab. Ill

Antero-posterior diameter of bone, 5.5 mm. ; lateral, 4.5 mm.

Antero-posterior diameter of medullary canal, 4.5 mm. ; lateral, 3.5 mm.

The medullary canal is full. Medullary index, 178%.

Structure.—The bone is composed of rather crude laminfe, separated and

crossed at various angles by numerous canals and interrupted here and there

by a few Haversian systems of the (Ic) diiferentiation. In the posterior ridge

the systems form a considerable portion of the thickness of the wall. The

laminae are composed of a few lamellae with oval and round lacunae and short,

bushy eanaliculi.

Type II-III, Ic.

RIGHT FEMUR OF NYCTHEKODIUS VIOLACEUS. NIGHT HERON. CR. MED. COLL.

Pl. 5, Fig. 85. Syn. Tab. Ill

Antero-posterior diameter of bone, 5 mm. ; lateral, 6 mm.

Antero-posterior diameter of medullary canal, 4 mm.; lateral, 4.5 mm.

The medullary canal is full. Medullary index, 148%.

Structure.—The external circumferential lamellae are not distinct. The

bone is composed, for the most part, of short, irregular, and incomplete laminte,

marked off by short, concentric canals. The laminae are interrupted by small

Haversian systems of the (Ic) differentiation which form nearlj^ the whole of

the posterior ridge. Each lamina consists of a few lamellae with oval lacunae

and bushy eanaliculi. The canals separating the laminae are wide and short, and

not often uniting. Internal circumferential lamella^ with long lacunae and

straight eanaliculi surround the medullary canal.

Type II-III, Ic.

FEMUR OF PAVO CKISTATUS. PEAFOWL. CR. MED. COLL.

Pl. 5, Fig. 86. Syn. Tab. Ill

Antero-posterior diameter of bone, 10 mm.; lateral, 11 mm.

Antero-posterior diameter of medullary canal, 8 mm.; lateral, 10 mm.

The walls of the bone are thin. The medullary canal is large, empty, and

lias a network of trabeculae which extends from one wall in a downward direc-

tion to the opposite wall.

Medullary index, 277%.

Structure.—The section is composed of a concentric network of canals

enclosing short laminjc. The canals intersect at all angles. The laminae, com-

posed of bone substance with oval lacunae and relatively few rather short,
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bushy canaliculi, ai'e interrupted by a few Haversian systems of the (Ic)

differentiation.

Type II-III, Ic.

FEMUR OF HAIjI^TUS LEUCOCEPHALUS. EAGLE. CR. MED. COLL.

Pl. 5, Fig. 87. Stn. Tab. Ill

Antero-posterior diameter of the bone, 13 mm.; lateral, 14 mm.

Antero-posterior diameter of the medullary canal, 11 mm. ; lateral, 11.5 mm.

The medullary canal is empty. Medullary index, 227%.

Structure.—External circvmaferential lamellae surround the bone, excepting

the posterior ridge where they are interrupted by tendon attachments. Their

lacunae are long, narrow, and concentrically arranged and their canaliculi are

rather short and branching.

The central ring of bone is composed of concentric laminae, interrupted by

Haversian systems of the (Ic) differentiation. The canals which separate the

laminae are relatively wide and, on account of their frequent communications

with neighboring canals, they present the appearance of a coarse network.

Internal circumferential lamellae surround the medullary canal. They are

fairly well developed and are frequently crossed by canals extending inward

from the medullary canal. Their lacunae are long and narrow and their cana-

liculi are long and branching.

On the posterior surface are two ridges, one central and one on the pos-

terior inner lateral border. The bone at these points consist of Haversian

systems of the (Ic) stage, separated by frequent wide canals which pass to an

apex at the outer surface of the ridges. The external circumferential laminae

are absent at these points and tendon insertions, interspersed with many canals,

occupy the posterior ridges.

Type II-III, Ic.

LEFT FEMUR OF ARAMUS VOCIFEKUS. COUKLAN. ?fO. 2859, AMER. MUS. NAT. HIST.

Pl. 5, Fig. 88. Syn.' Tab. Ill

Antero-posterior diameter of bone, 6.5 mm. ; lateral, 6 mm.

Antero-posterior diameter of medullary canal, 5.5 mm. ; lateral, 5 mm.

The medullary canal is empty. Medullary index, 239%.

Structure.—The section is composed of concentric laminae with oval lacunae

and bushy canaliculi. In the anterior and posterior walls a single Haversian

system of the (Ic) stage is seen. Around the medullary canal is a narrow ring

of lamellae with long lacunae and straight canaliculi. The bone shows very little

variation of structure.

Type II.
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LEFT FEMUR OF CENTEOCERCUS UROPHASIANUS. SAGE GROUSE OR SAGE HEN.

CR. MED. COLL.

Pl. 5, Fig. 89. Syn. Tab. Ill

Antero-posterior diameter of bone, 7 mm. ; lateral, 6 mm.

Antero-posterior diameter of medullary canal, 6 mm. ; lateral, 5 mm.

The medullary canal is empty. Medullary index, 252%.

Structure.—The bone is composed of short, concentric laminae, with the

exception of a short, narrow crescent of poorly developed Haversian systems

in the posterior inner wall. The laminae are frequently crossed by canals.

Each lamina is composed of a few lanlellse with long, narrow lacunse and long

canaliculi. In tiie posterior wall on both sides of the mid-line are two tendon

insertions which mark the attachment of muscles.

Type n.

FEMORA OF MELEAGETS GALLIPAVO. WILD AND DOMESTIC TURKEYS. OR. MED. COLL.

Pl. 6, Figs. 90, 91, 91^,. Syx. Tab. Ill

Left Wild Turkey

Left Domestic Turkey,
IS lbs. weight

Left Domestic Turkey,
32 lbs. weight

'Antero-posterior diameter of bone, 15 mm.;
lateral, 17.5 mm.

Antero-posterior diameter of medullary

canal, 10.5 mm.; lateral, 13 mm.
.Medullary, index, 109'J'.

Antero-posterior diameter of bone, 9 mm.;
lateral, 11 mm.

Antero-posterior diameter of medullary

canal, 7 mm.; lateral, 8 mm.
.Medullary index, 129'?:.

Antero-posterior diameter of bone, 15 mm.;
lateral, 17 mm.

Antero-posterior diameter of medullary

canal, 13 mm.; lateral, 13 mm.
Medullary, index, 194#.

Sin(^e the three bones resemble each other closely, one description will

answer for all. The medullary canals are full and relatively large. The walls

of the bone are thin. The index is higher in the domestic than in the wild

turkey.

Structure.—External circumferential lamella, with long, narrow lacunae

and many bushy canaliculi, surround the sections. Along the posterior ridges

of the femora are small areas of Haversian systems of the (Ic) differentiation

which occupy nearly the entire thickness of the posterior walls of the bones.

In the anterior walls are small areas of similar Haversian systems. The Ha-

versian canals are large, tlie lacunae are oval, and their canaliculi are numerous

and bushy.

The lateral walls of the bones are composed of rather crude concentric

laminae, interrupted by a few Haversian systems of the (la, Ic) differentiations,

separated by prominent concentric canals and crossed at frequent intervals bv
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smaller canals extending from both surfaces of the bone. Tlie laminae are com-

posed of lamelliB, between which are oval lacuna? with short, bushy eanaliculi.

Around the medullary canal the internal circumferential lamellas are not dis-

tinct from the adjoining laminiB.

As the femur of the domestic turkey was the first bone to suggest variation

in bone type, a number of turkey femora were examined. It was found that

they were all second type with Haversian systems of the (la) and (Ic) stages

of development. The turkeys of greatest weight had the most Haversian sys-

tems. A turkey of 32 pounds weight (pi. 6, fig. 91|) had more systems than one

of 14, 16, or 18 pounds, and the systems were distributed over a greater area

in the different walls of the bone.

Type II-III, la, Ic.

LEFT FEMUR OF DENDRAGAPUS OBSCURUS. GROUSE. CR. MED. COLL.

Pl. 6, Fig. 92. Stn. Tab. Ill

Antero-posterior diameter of bone, 5 mm. ; lateral, 5.5 mm.

Antero-posterior diameter of medullary canal, 4 mm.; lateral, 5 mm.

The medullary canal is empty. Medullary index, 277%.

Structure.—The bone, with the exception of a narrow ring of internal cir-

cumferential lamelte, is composed of short, concentric lamiuje, separated by

wide canals. Each lamina is composed of lamellae, with long, narrow or oval

lacunae and long, branching or bushy eanaliculi. TJie canals freely communi-

cate with each other across the lamina. In the anterior wall (middle portion)

is a slight prominence or ridge, consisting of poorly developed Haversian sys-

tems, situated close to the external surface. In the posterior wall are two

ridges separated by a concave intermediate wall of bone. A single, ]K>()r]y

developed Haversian system is found at the apex of each ridge, around wliich

are collections of oval lacuna;, with short, bushy canalicidi. Close to the internal

circumferential lamellae are a few Haversian systems of a crude type.

Internal circumferential lamellae surround the medullary canal. Their

lacuna are long and narrow.

Type II.

LEFT FEMUR OF RHEA AMERICANA. RHEA. NO. 2875, AMER. MUS. N.\T. HIST.

Pl. 6, Fig. 93. Syx. Tab. Ill

Antero-posterior diameter of bone, 25.5 mm.; lateral, 20.5 mm.

Antero-posterior diameter of medullary canal, 19 mm.; lateral, 15 mm.

The medullary canal is full. Medullary index, 120%.

Structure.—The section is composed of concentric laminae, separated and

crossed by numerous canals, and, here and there, interrupted by small Ha-

versian systems of the (Tc) differentiation.

Type II-III, Ic.
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LEFT FEMUR OF STRUTHIO. OSTKICH. AMER. MUS. NAT. HIST.

Vl. 6, Fig. 94. Syn. Tab. Ill

Autero-posterior diameter of bone, 54 mm.; lateral, 40 mm.
Antero-posterior diameter of medullary canal, 47 mm. ; lateral, 32 mm.
The medullary canal is empty. Medullary index, 240%.

Structure.—The bone is large, thin-walled, and light. The section is com-

posed of incomplet-e, concentric, short and long laminae, crossed by numerous

canals, and interrupted by many Haversian systems of the (Ic) stage of dif-

ferentiation. The posterior ridges are composed mostly of similar Haversian

systems. The central zones of these systems are composed of lamellae with

round lacunae and short, bushy canaliculi, while their external zones, much nar-

rower, consist of lamella? with long, narrow lacunae and straight canaliculi.

Type II-III, Ic.

HAVERSIAN SYSTEM OF THE OSTRICH

Pl. 6, Fig. 1)5. Syn. Tab. Ill

An Haversian system from the posterior wall of the femur of an ostrich

(fig. 94) is enlarged in order to show developmental stages.

The system consists of a central and peripheral portion. The central

portion is composed of bone substance with round lacunas and branching cana-

liculi forming a delicate canalicular network around the Haversian canal. The

peripheral portion is composed of long, narrow lacuutB with straight canaliculi

situated in and between lamellae and arranged concentrically around the central

portion. The central portion suggests an early development by its round

lacunae and close proximity to the circulation of the Haversian canal, while

the peripheral portion suggests a later and more complete development by its

long, narrow lacunae and removal from the Haversian canal.

LEFT FEMUR OF PHASIANUS TORQUATUS. CHINESE PHEASANT. CR. MEU. COLL.

Pl. 6, Fig. 95^. Syn. Tab. Ill

Antero-posterior diameter of bone, 6 mm.; lateral, 6 mm.

Antero-posterior diameter of medullary canal, 4.5 mm. ; lateral, 4.5 mm.

The medullary canal is empty. Medullary index, 129%.

Structure.—The section is composed of crude, short laminae interrupted

by a few Haversian systems of the (Ic) dit¥erentiation. The lacunae are oval

and the canaliculi are short and bushy. Internal circumferential lamellae partly

surround the medullary canal.

Type II, Ic.
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EIGHT FEMUE OF DKOM^US N0VJ5 HOLLANDI^. EMU. NO. 2916, AMEE. MUS. NAT. HIST.

Pl. 6, Fig. 96. Syn. Tab. Ill

Antero-posterior diameter of bone, 30 mm.; lateral, 26 mm.
Antero-posterior diameter of medullary canal, 22 mm. ; lateral, 19.5 mm.
Medullary index, 122%.

Structure.—The section is composed, for the most part, of a background

of short laminaB separated by short concentric canals in which are scattering

Haversian systems of the (Ic) dilferentiation. In the outer wall a threefold

division is present—external circumferential laminag, central ring, and internal

circumferential lamellae.

The central ring is composed of Haversian systems, many of which are

arranged in a peculiar manner. They occur in groups of two to eight, enclosed

within an envelope of laminsc resembling cross-sections of cables. The systems

are of the (Ic) differentiation. This is the only bone in which this arrange-

ment has lieen seen.

Type II-III, Ic.

FEMUE OF ANAS BOSCAS. MALLARD DUCK. CE. MED. COLL.

Pl. 6, Fig. 97. Syn. Tab. Ill

Antero-posterior diameter of bone, 4.5 mm. ; lateral, 6.5 mm.

Antero-posterior diameter of medullary canal, 3.5 mm. ; lateral, 5 mm.

The medullary canal is empty. Medullary index, 141%.

Structure.—The section is composed of crude laminse arranged concen-

trically and interrupted by rather small and poorly developed Haversian sys-

tems. The two posterior ridges have groups of the (Ic) differentiation.

Type II-III, Ic.

FEMUE or BMBEHIZA CITKINELLA. YELLOW-HAMMEE. CE. MED. COLL.

Pl. 6, Fig. 98. Syn. Tab. Ill

Antero-posterior diameter of bone, 2.5 mm.; lateral, 3 mm.

Antero-posterior and lateral diameters of medullary canals, 0.

The medullary canal is full and situated close to the posterior wall. Medul-

lary index, 0.

Structure.—The section is surrounded by external circumferential lamellae,

within which are a few Haversian systems of the (Ic) differentiation. Large

canals extend transversely across the walls of the bone, communicating with the

meshes of the central bone structure.

The central portion of the bone, usually occupied by the medullary canal,

is composed of a fine cancellous bone with the exception of a small medullary
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canal, about the size of a fiiie sewiny- needle, situated near the posterior wall.

The femur is therefore nearly solid bone. The cancellous center is composed
of fine lamella^ forming a meshwork extended from the internal circumferential

lamella'. Tlie meshes are filled with granular material, insoluble in ether or

chloroform. The lacunje are small, round, or oval and their eanaliculi are short,

bushy, and infrequent. Although the bird is a good flier its femur is practically

a solid bone.

Type I-III, Ic.

EIGHT FEMUR OF CHAUNA CKISTATA. CHESTED SCBEAMEE. NO. 2861,

AMER. MUS. NAT. HIST.

Pl. 6, Fig. 99. Syn. Tab. Ill

Antero-posterior diameter of bone, 12.5 mm. ; lateral, 12 mm.

Antero-posterior diameter of medullar}' canal, 10.5 mm. ; lateral, 10.5 nun.

The medullary canal is empty. Medullary index, 277%.

Structure.—Tlie section has the three divisions well marked. The external

circumferential lamella; form a narrow, distinct ring around the section. Their

lacunfE are long and the eanaliculi are straight. The central ring is composed

of Haversian systems of the (Ic) stage and of canals and fragments of lamellae.

The internal circumferential lamella; form a distinct ring around the medullary

canal. Their lacunee are long.

Type III, Ic.

LEFT FEMUR OF PANDION CAROLINENSIS. AMERICAN OSPREV. NO. 55, CR. MED. COLL.

Pl. 6, Fig. 100. Syn. Tab. Ill

Antero-posterior diameter of bone, 7.5 mm. ; lateral, 8 mm.

Antero-posterior diameter of medullary canal, 6 mm.; lateral, 6.5 mm.

The medullary canal is full. Medullary index, 188%.

Structure.—The external circumferential lamellae are not distinct from the

miilerlying structure. The bone is composed of crude laminae which are fre-

quently interrupted by Haversian systems of the (Ic) differentiation, and

crossed at differing angles by vascular canals. In the posterior wall near the

mid-line is a cluster of small Haversian systems witli which tendon inter-

sections are blended. The lacunae of the lamina; are round and oval.

Concentric laminae surround the medullary canal. They are frequently

crossed by short canals from the medullary canal.

Type II-III, Ic.
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RIGHT FEMUR OF SARCORHAMPHUS GRYPHUS. ANDEAN CONDOR. NO. 1276,

AMER. MVS. WAT. HIST.

Pl. 7. Fig. 101. Syn. Tab ill

Antero-posterior diameter of boue, 18.5 mm. ; lateral, 17.5 mm.

Antero-posterior diameter of medullary canal, 15 mm. ; lateral, 14.5 mm.

The medullary canal is full. Medullary index, 204^.

Structure.—The l)()ne lias tliree divisions. The exteinal circumferential

lamellae form a narrow enclosing ring. Their lacuna" are long and their cana

liculi are straight. The central ring is composed of round and elongated Ha-

versian systems of the (Ic) dift'erentiation. Internal circumferential lamella^

form an uneven rmg around the medullary canal. Their lacunse are long.

Type I-III, Ic.

RIGHT FEMUR OF OLOR SP. SWAN. NO. 1681, AMER. MUS. NAT. HIST.

Pl. 7, Fig. 103. Syn. Tab. Ill

Antero-jiosterior diameter of bone, 11.5 mm.; lateral, 10.5 mm.

Antero-posterior diameter of medullary canal, 7 mm.: lateral, 8 mm.

Medullary index, 87%.

Structure.—The bone has the three divisions. The external circuinferential

lamellae form a narrow enclosing ring. Their lacunae are long and their cana-

liculi are straight. The central ring is composed of crude laminae with oval

lacunae, partly displaced by Haversian sj'stems of the (Ic) differentiation. In

the anterior inner wall indistinct laminae appear. A wide ring of lamellae, partly

separated into laminae, surrounds the medullary canal. The lamellfe have long

lacunae and are crossed by numerous canals.

Type II-III, Ic.

LEFT FEMUR OF GAVIA STELLATA. RED-THROATED LOON. NO. 2801,

AMER. MUS. NAT. HIST.

Pl. 7, Fig. 103. Syn. Tab. Ill

Antero-posterior diameter of bone, 8.5 mm. ; lateral, 6.5 mm.

Antero-posterior diameter of medullary canal, 5 mm. ; lateral, 4 mm.

The medullary canal is divided into two equal parts, antero-posteriorly by

a partition of bone. Medullary index, 184%.

Structure.—The section has the three divisions. Tlie external circum-

ferential lamella? form a narrow enclosing ring. The lacuna? are long and oval

and their canaliculi are long and bushy. The central ring is composed of

lamellae and Haversian systems of the (Ic) differentiation. The internal cir-

cumferential lamella? with long lacunse and straight canaliculi surround the

6
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medullary caual and form the dividing partition. Four large vascular canals

appear in the anterior wall and two or three in the posterior. Their lacunae

are long and oval with long and straight canaliculi.

Type I-III, Ic.

FEMTK 0|- (iALLUS. DOMESTIC CHICKEN. OR. MED. COLL.

Pl. 7, Fig. 10 1. Stn. Tab. Ill

Antero-posterior diameter of bone, 9 mm. ; lateral, 9 mm.

Antero-posterior diameter of medullary canal, 7 mm. ; lateral, 7 mm.

The medullary canal is full. Medullary index, 153%.

Structure.—Well marked external circumferential lamelhe with long, nar-

row lacunse and branching canaliculi surround the section. The central ring is

composed of irregularly shaped Haversian systems of the (Ic) differentiation.

At the posterior ridge they occupy the entire thickness of tlie wall of the bone

as far as the internal circumferential lamelL^. Interspersed between the sys-

tems are short lamellae.

Internal circumferential lamellae completely surround the medullary canal.

Their lacunas are long and narrow and their canaliculi are bushy.

Type I-III, Ic.

FEMUR OF COKVUS AMERICANUS. CROW. CR. MED. COLL.

Pl. 7, Fig. 105. Syn. Tab. Ill

Antero-posterior diameter of bone, 4 mm. ; lateral, 3 mm.

Antero-posterior diameter of medullary canal, 2.5 mm. ; lateral, 2 mm.

The medullary canal is full. Medullary index, 70'/c.

Structure.—External circumferential lamellae form a wide ring around the

bone. The laciuur are oval with bushy, connecting canaliculi.

The central ring is composed of lamellae and irregular Haversian systems

of the (Ic) stage of development. There is very little difference in the struc-

ture of the various parts of the bone.

Internal circumferential lamellae -form a narrow ring around the medullary

canal. Their lacunae are narrow and long and their canaliculi are long and

branching.

Type I-III, Ic.

FEMl'R OF ASIO WILSOXIANI'S. LONC-EARED OWL

Pl. 7, Fig. lOii. Syn. Tah. Ill

Antero-posterior diameter of bone, 8 mm.; lateral, 7 nun.

Antero-posterior diameter of medullary canal, mm. ; lateral, (! mm.

The medullary canal is full. IMedullary index, 178%.
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Structure.—The external circnmfereutial lamella; surrouud the section.

Their lacunie are long, numerous, and have very fine, long caualiculi. Here and

there canals traverse the entire thickness of them all.

The central ring is composed of irregularly shaped Haversian system of

the (Ic) stage of development, extending between which are numerous short

canals. The lacuufe are oval, numerous, and have bushy caualiculi.

The internal circumferential lamellae form a thick, heavy ring around the

medullary canal. In the outer wall of the bone they tend to separate into

laminae. The whole ring of internal circumferential lamellae forms about one-

third of the thickness of the wall of the bone. It is traversed by many canals

extending from the medullary canal into the canals of the Haversian systems.

Their lacunae are long and numerous and their caualiculi are bushy.

Type I-II-III, Ic.

BIGHT FEMUR OF BERNICLA CANADENSIS. WILD GOOSE

Pl. 7, Fig. 107. Syn. Tab. Ill

Antero-posterior diameter of bone, 9 mm. ; lateral, 8.5 mm.

Antero-posterior diameter of medullary canal. 7 mm.; lateral, 7 mm.

The medullary canal is full. Medullary index, 378%.

Structure.—The external circumferential lamellae surround the section.

Their lacunte are long and narrow and their caualiculi are rather few in num-

ber. At the posterior ridge are found many Haversian systems of the (Ic)

differentiation. The anterior wall of the bone is composed of similar Haversian

systems occupying the whole thickness of the wall between the external and

internal circumferential lamellje. The remainder of the bone shows quite dif-

ferent structures and arrangements in the different portions of the wall.

Lamina occupy the inner half of the wall, while Haversian systems of the (Ic)

stage of development occupy the outer half and are situated under the external

circumferential lamellae.

The two lialves are well marked and distinct from each other. The lacunas

of the systems and laminjB are oval and their caualiculi are few and short.

The canals lietween the lamin* are irregular and branching. The internal

circumferential lamelhv are well developed. In the inner wall of the bone quite

large canals extend from the medullary canal through the laminae to the Ha-

versian canals between tlie lamina^.

Type II-III, Ic.

LEFT FEMUK OF LEPTOP'llLOS SP. STOKK. NO. 2827, AIM KH. .MPS. NAT. HIST.

Pl. 7. Fm. 108. Syx. Tab. Ill

Antero-posterior diameter of bone, 17 mm.; lateral, l.") mm.

Antero-posterior diameter of medullary canal, 14.5 mm.; lateral, 1.3.5 mm.
The medullary canal is empty. Medullary index, 327%.
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Structure.—The section has the three divisions; the external circumfer-

ential lainelliB form a narrow ring around the section and have long lacuna

and straight canaliculi. The central ring is composed of Haversian systems

of the (Ic) differentiation between which are canals and short fragTuents of

lamelliB with oval lacunse and bushy canaliculi. The internal circumferential

lamelljE fonn a distinct, narrow ring around the medullary canal. Tlieir lacunas

are long and canaliculi are straight.

Type I-III, Ic.

RIGHT FEMUR OF ANTHRACOCEROS MALABARICUS. HORN BILL. NO. 2887,

AMER. MVa. NAT. HIST.

Pl. 7, Fig. 109. Syn. Tab. Ill

Antero-posterior diameter of bone, 6.5 mm. ; lateral. G mm.

Antero-posterior diameter of medullary canal, 5.5 mm.; lateral, 5 mm.

The medullary canal is empty. Medullary index, 240%.

Structure.—The section has three divisions. The external circumferential

lamellae with long lacun.Te and straight canaliculi fonn a distinct, narrow ring

around the bone. The central ring is composed of lainellje with round and

oval lacuna, interrupted by many canals and Haversian systems of the (Ic)

stage. The internal circumferential lamella with long lacuna form a narrow

distinct ring around the medullary canal.

Type I-III, Ic.

FEMUK OF ASTUR ATRICAPILLUS. GOSHAWK. CR. MED. COLL.

Pl. 7, Fig. 110. Syx. Tab. Ill

Antero-posterior diameter of bone, 4 mm. ; lateral, 4.3 mm.

Antero-posterior diameter of medullary canal, 3 mm.; lateral, 3.3 mm.
The medullary canal is empty. Medullary index, 139%.

Structure.—The section is surrounded by external circumferential lamella,

fairly well developed. Their lacuna are more frequently oval tliau long. The

canaliculi are bushy.

In the inner lateral posterior wall is a slight ridge to which are attached

muscle ienilons penetrating the external lamella. Underneath the external

circumferential lamella is a thick ring of Haversian systems of the (Ic) stage of

development. Tlie ring is crossed at all angles by wide, irregular canals.

The medullary canal is enclosed by internal circumferential lamella with

long lacuna and canaliculi.

Type I-III, Ic.
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LEFT FEMUR OF INOCOTIS PAPILLOSUS. IBIS. NO. 3178, AMER. MUS. NAT. HIST.

Pl. 7, Fio. 111. Syn. Tab. Ill

Antero-posterior diameter of bone, 7 mm. ; lateral, 6.5 mm.

Antero-posterior diameter of medullary canal, 6 mm. ; lateral, 5.5 mm.

Medullary index, 264%.

Structure.—The section shows the three divisions. External circumfer-

ential lamellae form a narrow ring- around the section. Their lacume are long

and narrow. Underneath this ring is a wide central ring of lamellsB, Haversian

systems, and canals. The lamellae, have oval lacunse and bushy canaliculi. The

Haversian systems are of the (Ic) stage of development. Around the medullary

canal is a ring of lamella with long and narrow lacunae.

Type I-III, Ic.

RIGHT FEMUR OF CATH.\RTES AURA. TURKEY-BUZZAKD. NO. 70, CR. MED. COLL.

Pl. 7, Fig. 112. Syn. Tab. Ill

Antero-posterior diameter of bone, 9.5 mm. ; lateral, 8 mm.

Antero-posterior diameter of medullary canal, 7.5 mm. ; lateral, 7 mm.

The medullary canal is empty. Medullary index, 219%.

Structure.—The walls are very thin and hard. The usual three structural

divisions are present. The external circumferential lamellfe form a narrow

ring around the section excepting in the posterior ridge where a few tendon

insertions displace them. Their lacun® are long, narrow, and well developed.

The central ring is comi)osed of Haversian systems of the (Ic) differentiation.

The lacunte are some distance apart and their canaliculi are rather infrequent.

The ring is crossed at all angles by canals. The internal circumferential

lamellae constitute a narrow ring around the medullaiy canal. Their lacunae

are well developed.

Type I-III, Ic.

IX. MAMMALS—BATS

Fifty-five femora were examined.

General Character of the Femur

The prevailing shape of the femur is elliptical. Several are round, and a

few are plano-convex. The medullary canals are all full of marrow and one,

Desmodus rotimdvs, is full of red marrow. No cancellous bone and no trabeculse

are found. The medullary surfaces are smooth or very slightly corrugated.

The medullary index varies from 12fo to 178% with an average of 48.6%.
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The type of structure is iirst. The l)one substance is lamellated, the lacuna?

are round, oval or long, and the canaliculi are Imshy, short, or long. In some

of the large bats of the Pterojjus genus, Haversian canals of the (la) differ-

entiation are present.

Detailed ExAMix.vnox

EIGHT femur ok MORMOOPS. NO. 102231, U. S. NAT. MUS.

Pl. 8. Fig. 113. Syx. Tar. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.8 mm.

Aiitero-posterior diameter of medullary canal, 0.6 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 59%.

.S7;»f/»re.^The section is composed of concentric lamellae with oval lacunae

and bushy canaliculi surrounding the medullary canal. The bone is uniform.

Type I.

EIGHT FEMUR OF RHINOLOPHUS MEHELYI. NO. 84768, IT. S. NAT. MUS.

Vh. 8, Fig. lU. Syn. Tab. IV

Antero-posterior diameter of bone, 0.8 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 64%.

Structure.—The section is composed of concentric lamellje with oval lacunae

and bushy canaliculi surrounding the medullary canal. The bone is uniform.

Type I.

LEFT FEMUR OF STURNIRA LILIUM. NO. 115053, U. S. N.\T. MUS.

Tl. 8, Fig. 115. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.9 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; latoi-al, 0.4 mm.

The medullary canal is full. Medullary index, 29%.

Structure.—The section is composed of concentric lamella' with long, nar-

row lacunae and long, straigld canaliculi surrounding the medulhiry canal. The

bone is uniform.

Type I.

RIGHT FEMI'R OK LDXCIIOH HI N A. \(i. 1 73S4!), U. S. NAT. MI'S,

t'l.. S. Fjc. 1 Ki, Sv\. Tm;. \y

Antei'o-posterior diameter of Ixme, 0.!^) iiiiii.: lateral, (I.S mm.

Antero-posterior diameter of medullary canal, 0.5 iiiui.; lateral, 0.5 mm.

The niedullarv canal is full. Medullarv index, 55%.
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Structure.—The section is composed of concentric lamellaB with oval lacuna?

and straight canalicnli snrronnding' tlie medullary canal. The bone is uniform.

Type I.

LEFT FEMUR OF ROUSETTUS AMPLEXIC.4.UDATUS. NO. 175844, U. S. NAT. MUS.

Pl. 8, Fig. IIT. Syn. Tab. IV

Antero-posterior diameter of bone, 2.5 mm. ; lateral, 2 mm.

Antero-postei'ior diameter of medullary canal, 1.5 mm. ; lateral, 1 mm.

The medullary canal is full. Medullary index, 44%.

Str}(cture.—The section is dimly separated into three concentric divisions,

external, central, and internal. The external and central divisions have lameUa?

with long, narrow lacunae and straight canaliculi, while the internal division has

lamellae with oval lacuna^ and bushy canaliculi. The bone shows the threefold

division.

Type I.

EIGHT FEMUR OF HIPPOSIDEROS LARVATUS. NO. 152076, U. S. NAT. MUS.

Pl. 8, Pig. 118. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamellae with oval lacunae

and straight canaliculi separated into external, central, and internal rings which

surround the medullary canal. The bone is uniform.

Type I.

LEFT FEMUK OF HEMIDERMA. NO. 123744, U. S. NAT. MUS.

Pl. 8, Fig. 119. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamellae with oval lacuna;

and bushy canaliculi surrounding the medullary canal. The l)one is uniform.

Type I.

LEFT FEMUR OF DESMODUS KOTUNDUS. NO. 114977, U. S. NAT. MUS.

Pl. 8, Pig. 120. Syn. Tab. IV

Antero-posterior diameter of bone, 1.5 mm. ; lateral, 2.5 mm.

Antero-posterior diameter of medullary canal, 1 mm. ; lateral, 2 mm.

The medullarv canal is full of red marrow. Medullary index, 129%.
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Structure.—The section is flattened antero-posteriorly and is surrounded

by external circnimferential lamellae. The central ring is widest and is com-

posed of oval lacuufe with very delicate bushy eanaliculi. The posterior wall

has two ridges. Tn the outer ridge is a vascular canal. The bone shows the

threefold division.

Type I.

LEFT FEMUR OF LEPTONYCTERIS. NO. 105129, U. S. NAT. MUS.

Pl. 8, Fig. 121. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.8 mm.

Anteroposterior diameter of medullary canal, 0.5 mm.; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 33%.

Structure.-—The section is composed of concentric lamellae divided into wide

external and narrow internal rings. The external is composed of lamellffi with

oval lacunae and bushy eanaliculi, and the internal, of lamellte with long, narrow

lacunae and straight eanaliculi. Tlie bone has the twofold division.

Type I.

RIGHT FEMUR OF RHINOPOMA. (PALESTINE.) NO. 122140, U. S. NAT. MUS.

Pl. 8, Fig. 132. Syx. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.9 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 29%.

Structure.—The section is composed of concentric lamellae with oval lacunar-

and straight eanaliculi surrounding the medullary canal. The bone is uniform.

Type I.

left femur of eeophylla bombifrons. no. 86262, u. s. nat. mus.

Pl. 8, Fig. 123. Syn. Tab. I\

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of meduUaiy canal, 0.5 mm. ; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamelhe with oval lacun*

and straight eanaliculi surrounding the medullary canal. The bone is uniform.

Type I

LEFT FEMUR OF PHYLLOSTOMA HASTATUM. NO. 102906, I'. S. NAT. MUS.

Pl. 8, Fig. 124. Syn. Tab. IV

Antero-posterior diameter of bone, 2.5 mm. ; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 1.5 mm.; lateral, 1 mm.

The medullary canal is full. Medullary index, 64%.
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Structure.—The section is composed of concentric lamellae with oval lacunae

and straight canalicnli surrounding the medullary canal. The lamellae are dimlj^

sepai'ated into wide external and narrow internal rings by a condensation of

the lacunae around the medullary canal. Twofold division.

Type I.

LEFT FEMUR OF EPOMOPHORUS WAHLBERGII. NO. ll.")^')!, U. S. NAT. MUS.

Pl. 8. Fig. 125. 8yx. Tah. IV

Antero-posterior diameter of bone, '2 mm. ; lateral, 1 mm.
Antero-posterior diameter of medullary canal, 1 mm.; lateral, U.5 mm.
The medullary canal is full. Medullary index, 33%.

Strvcture.—The section is composed of lamellae divided into three con-

centric rings. The external is narrow and composed of lamellae with long lacunas

and straight canaliculi; the central is wide and consists of lamellfe with oval

lacunae and bushy canaliculi ; and the internal is narrow and composed of lamella"

with long lacunar and straight canaliculi. Tlie bone sliows the threefold division.

Type I.

LEFT FEMUR OF GEOSSOPHAGA ELONGATA. NO. 102107, U. S. NAT. MUS.

Pi.. 8, Fig. 126. Syn. Tab. IV

Antero-posterior diameter of bone, 0.9 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of medullarj" canal, 0.4 mm.; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 28%.

Structure.—The section is composed of concentric lamellae with oval lacuna"

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.

LEFT FEMUR OF NYCTALUS AVIATOR. NO. 102098, U. S. NAT. MUS.

Pl. 8. Fifi. 127. Syn. Tats. IV

Antero-posterior diameter of bone, 1.5 mm. ; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.
The medullary canal is full. Medullary index, 12%.

Structure.—The section is composed of concentric lamellae with oval lacunae

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.

LEFT FEMUR OF SCOTOPHILUS HEATHII. NO. 13692, U. S. NAT. MUS.

Pl. 8, Fig. 128. Syn. Tab. IV

Antero-posterior diameter of bone, 2 mm. ; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 1.2 mm.; lateral, 1 mm.

The medullary canal is full. Medullary index, 65%.
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Stiurtiiie.—The section is divided into two rinns, an external composed of

lamella^ with oval lacuna' and Imsliy canaliculi, and an internal composed of

lamella' with lony lacuna' and straiylil canaliculi. Twofold division.

Type I.

RIGHT FEMUR OF MINIOPTERUS SCHREIBERSII. XO. 152610, U. S. XAT. MUS.

Pl. 8, Fig. 139. 8yx. Tab. IV

Antero-posterior diameter of bone, 0.8 mm. ; lateral, 0.7 mm.

Antero-posterior diameter of medullary canal, 0.3 mm. ; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 64%.

Strnctiire.—The section is composed of concentric lamellae with oval lacunae

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.

LEFT FEMTTR OF PEOMOPS FOSTEEI. NO. 105676, L". S. XAT. MUS.

Pl. 8, Fig. 130. Stx. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamellae with oval lacunae

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.

LEFT FEMUR OF VESPERTILIO MURIXUS. XO. 5333, U. S. XAT. MUS.

Pl. 8, Fig. 131. Syx. Tab. IV

Antero-posterior diameter of bone, 1.5 nun.; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.5 mm.

The medullar}' canal is full. Medullary index, 12%.

Structure.—T\\e section is composed of concentric lamelhe witli o\al lacuna'

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.

RIGHT FEMUR OF MOLOSSUS XIGRICAXS. XO. 8268, U. S. XAT. MUS.

Pl. 8. Fig. 133. Syx. Tab. IV

Antero-posterior diameter of b(me, 1.5 mm.; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.7 mm. ; lateral, 0.8 mm.

The medullary canal is full. Medullary index, 56%.

Structure.—The section is composed of concentric lamella' with long lacunae

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.
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RIGHT FEMT-R OF DASYPTERUS INTEEMEDIUS. NO. 22408, T'. S. NAT. MUS.

Pl. S. Fig. 133. Syx. Tai:. IV

Antero-posterior diameter of bone, 1 mm.; lateral, 0.!i iiiiii.

Antero-posterior diameter of medullary t-anal, 0.5 mm.; lateral, 0.4 mm.
The medullary canal is full. Medullary index, 29%.

Structure.—The section is composed of lamella? divided into wide external

and narrow internal rings. The external consists of lamellae with oval lacunae

and straight canaliculi, and the internal, of lamell* with long lacunae and straight

canaliculi. The bone lias the twofold division.

TyiJe I.

LEFT FEMUR OF MOLOSSUS MA.JOR. XO. 101893, U. S. XAT. MUS.

Pl. 8, Fig. 134. Stx. Tab. IV

Antero-posterior diameter of bone, 0.6 mm. ; lateral, 0.6 mm.

Antero-posterior diameter of medullary canal, 0.4 mm. ; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 80%.

Structure.—The section is composed of concentric lamellfe with oval lacunaj

and straight canaliculi. Two divisions appear, external and internal. The

external is wide and the internal is narrow. The concentric divisions surround

the medullary canal. The bone shows a twofold division.

Type I.

LEFT FEMUR OF AXTROZOUS P.\LLIDUS. XO. 63386, U. S. XAT. MUS.

Pl. 8. Fig. 13.5. Syx. Tab. IV

Ajitero-posterior diameter of bone, 1 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullaiy canal, 0.8 mm. ; lateral, 0.8 mm.

The medullary canal is full. Medullary index, 178%.

Structure.—The section is thin-walled and composed of concentric lamellae

with oval and round lacuna^ with bushy canaliculi surrounding the medullary

canal. The bone is uniform.

Type I.

LEFT FEMUR OF EtTMOPS CALIFORXICUS. XO. 61387, U. S. X.\T. MUS.

Pl. 8. Fig. 136. Syx. Tab. IV

Antero-posterior diameter of bone, 1.5 mm.; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.9 mm.; lateral, 0.9 nmi.

The medullary canal is full. Medullary index, 56%.

Structure.—The section is composed of concentric lamella? with oval lacuu*

and straight canaliculi, divided into wide external and narrow internal rings.

Twofold division.

Type I.
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EIGHT FEMUK OF PLECOTUS AUEITUS. NO. 152597, V. S. NAT. MUS.

Pl. 8. Fig. 137. Syn. Tab. IV

Autero-posterior diameter of boue, 0.8 mm. ; lateral, 0.7 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 mm.

The medullary eanal is full. Medullary index, 56%.

Structure.—The section is composed of concentric lamella? with oval lacuna.'

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.

LEFT FEMUE OF NYCTICEIUS HUMEBALIS. NO. 115141, V. S. NAT. MUS.

Pl. 8. Fig. 138. Syn. Tab. IV

Antero-posterior diameter of boue, 0.8 mm. ; lateral, 0.7 mm.

Antero-posterior diameter of medullary canal, 0.6 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 116%.

Structure.—The section is composed of a few concentric lamellas with oval

laeunse and strai.ijlit canaliculi surrounding the medullary canal. The bone is

uniform.

Type I.

EIGHT FEMUE OF MYOTIS MYOTIS. NO. 86500, U. S. NAT. MUS.

Pl. 8, Fig. 139. Syn. Tab. IV

Antero-posterior diameter of bone, 1 nun. ; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamelte with oval lacunae

and straight canaliculi surrounding the medullary canah The bone is uniform.

Type I.

LEFT FEMUR OF EPTESICUS BAHAMENSIS. NO. 121929, V. S. NAT. MUS.

Pl. 8. Fig. 140. Syn. Tab. IV

Antero-posterior diameter of bone, 0.8 nun. ; lateral, 0.7 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 56%.

Structure.—The section is composed of concentric lamellfe with oval lacunas

and straight canaliculi surrounding the medullary canal. The boue is uniform.

Type I.
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LEFT FEMUR OF NYCTERIS BORE.^LIS. NO. 101945, U. S. NAT. MUS.

Pl. 8. ri«. 141. Syn. Tab. IV

Antero-posterior diameter of bone, 0.8 mm. ; lateral, 0.8 mm.
Antero-po.sterior diameter of medullary canal, 0.4 mm. ; lateral, 0.4 mm.
The mediiUary canal is full. MeduUarj^ index, 33%.

Structure.—The section is composed of concentric lamellae with oval lacunae

and straight canaliculi surrounding' the meduUaiy canal. The bone is uniform.

Type I.

RIGHT FEMUR OF GLISCHROPUS TYLOPUS. NO. 142385, U. S. NAT. MUS.

Pl. 8. Fig. 142. Syn. Tab. IV

Antero-posterior diameter of bone, 0.5 mm. ; lateral, 0.4 mm.
Antero-posterior diameter of medullary canal, 0.3 mm. ; lateral, 0.2 nun.

The medullary canal is full. Medullary index, 45%.

Structure.—Tlie section is composed of lamellae with roinid lacunae and

bushy canaliculi suiTounding the medullary canal. The bone is unifonn.

Type I.

RIGHT FEMUR OF NYCTERIS t'INEREA. NO NUMBER, U. S. NAT. MUS.

Pl. 8, Fig. 143. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm.; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamellae with oval lacunae

and straight canaliculi, divided into wide external and narrow internal rings

which surround the medullary canal. The bone shows a twofold division.

Type I.

LEFT FEMUR OF PHYLLONYCTERIS. NO. 103501, U. S. NAT. MUS.

Pl. 8, Fig. 144. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is comjaosed of concentric lamellae with oval lacunae

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.
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BIGHT FEMUR OF MEGADERMA SPASMA. NO. 114272, U. S. NAT. MUS.

Pl. 8, Fig. 145. Syx. Tab. IV

Antero-posterior diameter of boue, 1 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullary oanal, 0.5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamellae with oval lacunae

and bushy canaliculi. The lamellae are divided into wide external and narrow

internal rings which partly surround tlie medullary canal. The internal ring is

limited to the lateral walls. The bone shows a partial twofold division.

Type I.

BIGHT FEMUB OF PTEBONOTUS. NO. 113570, U. S. NAT. MUS.

PL. 8, Fig. 140. Syx. Tab. IV

Antero-posterior diameter of bone, 1 nmi. ; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamellae with oval lacunae

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.

LEFT FEMUB OF BALANTIOPTEEYX PLICATA. NO. 142606, U. S. NAT. MUS.

Pl. 8. Fig. 147. Syx. Tab. IV

Antero-posterior diameter of bone, 0.5 mm.; lateral, 0.5 nmi.

Antero-posterior diameter of medullary canal, 0.3 mm. ; lateral, 0.3 mm.

The medullary canal is full. Medullary index, 56%.

Structure.—The section is composed of a few concentric lamellae with round

and oval lacunae and bushy canaliculi surrounding the medullary canal. The

bone is uniform.

Type I.

BIGHT FEiM V& OF SACCOPTERYX. NO. 123800, U. S. NAT. MUS.

Pl. S. Fig. lis. Syx. Tab. IV

• Antero-posterior diameter of bone, 1 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.4 mm.; lateral, 0.3 mm.

The medullary canal is full. Medullary index, 18%.

The bone is flat on I lie pnstcr'uir side.

Structure.—The section is composed of concentric lamellae with oval lacuniB

and bushy canaliculi surrouudiuii the medullary canal. The bone is uniform.

Type I.
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LEFT FEMUR OF PETALIA. NO. 15-1-866, U. S. NAT. MUS.

Pl. 8, Fig. 149. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, U.9 mm.
Antero-postei-ior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.
The medullary canal is full. Medullary index, 38%.
Structure.—The section is composed of concentric lamellae with oval lacuna?

and straight canaliculi surrounding- the medullary canal. The bone is uniform.

Type I.

LEFT FEMUR OF MONOPHYLLUS. NO. 113677, U. S. NAT. MUS.

Pl. 8, Fig. 150. Syx. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 1 mm.
Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 mm.
Tlie medullary canal is full. Medullary index, 33%.

Structure.—The section is com])osed of concentric lamellae with oval lacun.^

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type T.

LEFT FEMUR OF VAMPYROPS LINEATUS. U. S. N.AT. MUS.

Pl. 8, Fig. 151. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 mm.
The medullary canal is full. Medullary index, 33%.

Structure.—The section is coniijosed of concentric lamella; with oval lacuna>

and straight canaliculi surrounding tlie medullary canal. The bone is uniform.

Type I.

RIUHT FEMUR OF CIIILON YCTERIS. NO. 173842, U. S. NAT. MUS.

Pl. S, Fig. 153. Syn. Tab. IV

Antero-posterior diameter of Ijone, 1 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullary caual, 0.5 mm.; lateral, 0.5 mm.

The medullary caual is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamellae with oval lacuna'

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.
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EIGHT FEMUK OF CYNOPTERLTS. NO. 141241, U. S. NAT. MUS.

Pl. 8, Fig. 153. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamellae with oval lacumt

and straight canaliculi surromiding the medullary canal. The bone is unifonn.

Type I.

LEFT FEMUR OF ARTIBEUS PALMARUM. NO. 102866, U. S. NAT. MUS.

Pl. 8, Pig. 154. 8yx. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0.5 mm. ; lateral, 0.5 ram.

The medullary canal is full. Medullary iude.x;, 33%.

Structure.—The section is (composed of concentric lamella; with oval lacunae

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I.

LEFT FEMUR OF BRACHYPHYLLA. XO. 103251, U. S. NAT. MUS.

Pl. 8. Fi(i. 15.-). Syn. Tab. IV

Antero-posterior diameter of bone, 1.5 mm.; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 1 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 56%.

Structure.—The section is composed of concentric lamellae with oval lacuna?

and straight canaliculi surrounding the medullary canal. The bone is uniform.

Type I

RIGHT FEMUR OF MACROGLOSSUS MINIMUS. NO. 171695, U^. S. NAT. MUS,

Pl. 8, Fig. 156. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm. ; lateral, 0.8 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.4 mm.

The medullary canal is full. Medullary index, 33%.

Structure.-—The section is composed of concentric lamellae with oval lacuna^

and straight canaliculi surroundiuu- tlio medullary canal. The bone is uniform.

Type I.
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LEFT FEMUR OF TAPHOZOUS PHILIPPINENSIS. NO. 144851, U. S. NAT. MUS.

Pl. 8, Fig. 157. Syn. Tab. IV

Antero-posterior diameter of bone, 1 mm.; lateral, 1 mm.

Antero-posterior diameter of medullary canal, 0..5 mm. ; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamellfe with oval lacunae

and straight canaliculi surrounding the medullary canal. The lamellfe are dimly

separated into external and internal rings. Incomplete twofold division.

Type I.

BIGHT FEMUR OF CHEIROMELES TOEQUATCS. NO. 102462, V. S. NAT. MUS.

Pl. 8, Fig. 158. Sy.v. Tab. IV

Antero-posterior diameter of bone, 3.5 mm.; lateral, 2 mm.

Antero-posterior diameter of medullary canal, 1.5 mm.; lateral, 1 mm.

The medullary canal is full. Medullary index, 27%.

Structure.—The section is composed of concentric lamelhB with narrow

lacunae and long, straight canaliculi, divided into two distinct rings—external

wide and internal narrow—whicli surround the medullary canal. The internal

ring has very few lacunas. Twofold division.

Type I.

RIGHT FEMUR OF NOCTILIO. NO. 49545, U. S. NAT. MUS.

Pl. S, Fig. 159. Syn. Tab. IV

Antero-posterior diameter of bone, 2 mm. ; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 1.5 mm. ; lateral, 0.9 mm.

The medullary canal is full. Medullary index, 82%.

Structure.—The section is composed of concentric lamellaj with oval lacunae.

In tlie outer wall there are a few minute canals surrounded by clear areas of

bone substance, around which oval lacunae with bushy canaliculi are assuming a

partial concentric arrangement.

Type I-III, la.

LEFT FEMUR OF PTEROPUS MOLOSSINUS (sMALl). XO. 151561, U. S. N.\T. MUS.

Pl. 8, Fig. IGO. Stx. Tab. IV

Antero-posterior diameter of bone, 2.5 mm.; lateral, 2.5 mm.

Antero-posterior diameter of medullary canal, 1.5 mm.: lateral, 1.5 mm.

The medullary canal is full. Medullary index, 56%.

7
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SlrKftiire.—Tlie section is eonii)Ose(l of laiuolhr with oval lacunae and

strai.niit caiiiilicnli indistinctly separated into three concentric ring's. Incom-

plete thi-eefohl division.

TjT^e I.

RIGHT FEMUK OK PTEROPCS MOLOSSINUS (l.^KGE). f. S. NAT. MUS.

Pl. S. Fig. Kil. Syx. Tab. IY

Antero-posterior diameter of bone, 3 mm.; lateral, 3.5 nnn.

Autero-posterior diameter of mednllary canal, 2.5 mm.; lateral, L'.o mm.

The medullary canal is full. Mednllary index, 147%.

Stnirhirc.—The section is composed of lamellae with long, narrow lacume

and straight canaliculi enclosing the medullary canal. The lamellae are divided

into two rings, a narrow external and wide internal. In the inner wall the

lamelte are interrupted by a few canals of the (la) differentiation. The femur

shows a little advancement. Twofold division.

Type I-III, la.

lUGHT I'EMUli OF I'TEHOPUS ALDABKENSIS. NO. 20989, V. S. NAT. MUS.

Pl. 8. Fig. H\2. 8yx. Tais. IV

Antero iKtstcrior diameter of bone, 2 nnn.; lateral, 2.5 mm.

Antero-posterior diameter of medullary canal, 1 inm.; lateral, 1.5 nmi.

The medullary canal is full. Medullary index, 43%.

Sfrucfiirc.—The section is composed of concentric lamella> with oval and

long lacuiuv and straight canaliculi interrupted 1»y a few crude, undexcloped 11a

versian systems of the (la) differentiation.

Type I-III, la.

BIGHT FEMUR OF PTEROPUS. (CELEBES.) NO. 172460, V. S. NAT. MUS.

Pl. 8, Fig. l(i:l. Sw. Tab. IV

Antero-iiosterinr diameter of bone, 4 mm.; lateral, 3.5 mm.

Antero-posteiior diameter of medullary canal, 2.5 mm.; lateral, 2 mm.

The medullary canal is full. ]\ledullai-y index, 55%.

Struci lire.
—

'j'lie section is comj)Osed of a wide external band of lamelhv

divided into two nearly equal concentric rings by longitudinal canals of the (la)

differentiation. The lacump are oval and narrow and the canaliculi are straight.

Internal circumferential lamellae with long laeiiiiie and straight canaliculi sur-

round the medullary canal.

Type Mil. la.
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RIGHT FEMUR OF PlEliOPUS. (JAVA.) No. 1l'()1(), T. S. NAT. MIS.

Pl. S. Fig. 164. Syx. Tat,. IV

Aiitero-posterior diameter of bone, 3 mm.; lateral, •'!.') mm.

Antero-posterior diameter of medullary canal, 2.5 mm.; lateral, - mm.

The mednllary canal is full. Medullary index, 91'/ .

8tnicture.—The section is composed of concentric lamella' with oval and

long lacunae and straiglit canaliculi, interrupted by many very crude Haversian

systems of the (la) differentiation.

Type I-III, la.

RIGHT FEMUR OF PTEROPUS LEPICOS. XO. ll'J-i04, U. S. NAT. MUS.

Pl. 8, Fig. 16.5. Syn. Tab. IV

Antero-posterior diameter of bone, 2.5 mm.; lateral, 2 mm.

Antero-posterior diameter of medullary canal, 1.5 mm. ; lateral, 1 mm.

The medullary canal is full. Medullary index, 45%.

Structure.—The section is composed of concentric lamelhB with oval and

long lacunse and straight canaliculi crossed by numerous radiating canals. Here

and there a few very crude Haversian systems of the (la) differentiation are

seen. The bone is uniform.

Type I-III, la.

right femur of PTEROPUS. (tONG.\TABU.) NO. 173884, U. S. NAT. MUS.

Pl. 8, Fig. 166. Syn. Tab. IV

Antero-posterior diameter of bone, 3 mm. ; lateral, 3 mm.

Antero-posterior diameter of medullary canal, 1.5 mm.; lateral, 1.5 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section is composed of concentric lamelhp with oval lacunae

and straight canaliculi, partially separated by undeveloped Haversian systems

of the (la) differentiation into two laminte. The systems occupy a central

concentric position. The bone has a twofold division.

Type I-III, la.

RIGHT FEMUR OF PTEROPUS POLIOCEPHALUS. X^ . S. N.AT. MUS.

Pl. 1), Fig. 167. Syx. Tab. IV

Antero-posterior diameter of bone, 3.5 mm.; lateral, 3.5 nun.

Antero-posterior diameter of medullary canal, 2 mm. ; lateral, 2 mm.

The medullary canal is full. Medullary index, 49%.

Stnicturc.—The section lias the tlii'ee concentric divisions, external, central,

and inlcrnal. Tlie ]a<'un;c arc o\al and tlic canalicnli arc straiiiiil. In tlie i-en
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tral division or ring are found numerous Haversian canals situated nearer to

the internal than to the external division. The canals run parallel with the

medullary canal. They are surrounded by clear areas of bone substance which

are crossed radially by very fine canaliculi from adjacent lacuna?. The canals

with their canaliculi and lacunte are crude outlines of Haversian systems of the

(la) ditferenticition. The bone has tlie threefold division.

Type I-III, la.

X. OTHER MAMMALS NOT INCLUDING MAN

One hundred and thirtA-tlivec femora were examined.

GrENEKAL ChARACTEK OF THE FeMUK

The general shape of the femur varies very considerably. Some bones are

triangular, many elliptical, some round, some indeterminate, and a few are

plano-convex. The majority of them are elliptical.

The medullar}- canals, with one or two exceptions, are full of marrow, and

a large number have cancellous bone, the meshes of which are filled with mar-

row. The medullary surfaces are generally rough or irregularly corrugated.

The medullary index varies from 9% to 289% witli an average of 63.3%.

The type of structure varies greatly. Nearly all types and type combina-

tions in their various stages of differentiation are found. The bone units of

monotremes and marsupials present an earlier differentiation than the higher

mammals.

The first type bone is present in many genera and may be associated with

the undeveloped third type of the (la) differentiation. A number of mammalian

femora present a well marked second typo structure. The laminae are much

better developed than in birds. In most of these bones Haversian systems are

found to the greatest extent in tlie posterior ridges. The pure tliird type of the

(C) differentiation occTirs only in a few mammals. Of these the African

elephant is tlie best example. The majority of mammalian femora exhibit type

combinations. Tliese may be first and third, second and third, or first, second,

and third in some form of differentiation. Tlie majority are composed of the

first and third types.

Detailed Examixatiox

left KEMUK of IUPAIA. TREE-SHREW". AMER. JIUS. XAT. HIST.

Pl. 9, Fig. ](;8. Svx. T.Mi. Y

.Vutero-posterior iliameter of bone, 3 mm. ; lateral, '2J) mm.

Antero-posterioi- diameter of medullary canal, 2 mm.; hderal, L.j mm.
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The medullary caual is full. Medullary index, 67%.

Structure.—With the exception of a few small and i^oorly developed Ha-

versian systems of the (lb) differentiation in the posterior and inner walls, the

section is composed of lamellte with oval lacunae and straight canaliculi. The

specimen shows very little differentiation of structure. The bone is uniform.

Type I.

KIGHT FEMUE OF ECHIDNA. EGG-LAYING MAMMAL. NO. 1735.5, AMER. MUS. NAT. HIST.

Pl. 9, Fig. U9. Stn. Tab. V

Antero-posterior diameter of bone, 6 mm.; lateral, 11.5 mm.

Antero-posterior diameter of medullary canal, 3.5 mm. ; lateral, 6.5 mm.

The medullary canal is full. Medullary index, 49%.

Structure.—A few primitive Haversian systems of the (lb) differentiation

are found in the inner and outer walls. The section, for the most part, is com-

posed of basic bone substance with round and oval lacuiiEe and bushy canaliculi,

crossed at various angles by branching canals. Around the medullary canal

the lacunae are longer and the lamellae denser than elsewhere. In the outer wall

of the medullary canal cancellous bone occurs. Tbe bone shows some departure

from the first type by its crude Haversian systems.

Type I.

LEFT FEMUR OF ORNITHORHYNCHUS. DUCK BILL. EGG-LAYING MAMMAL.

NO. 13354 U. S. NAT. MUS.

Pl. 9, Fig. 170. Syn. Tab. \

Antero-posterior diameter of the bone, 4 mm. ; lateral, 5 mm.

Antero-posterior diameter of the medullary canal, 2.5 mm.; lateral, 3.5 mm.

The medullary canal is full. Medullary index, 79%.

Structure.—The section is divided about equally uito two concentric parts

or rings not separated by any well marked boundary. Tlie external half is com-

posed of basic bone substance with a great many oval and round lacunae and

short, bushy canaliculi. In some places, as in the outer and inner ridges, crude

Haversian systems appear. Wide canals arranged transversely, obliquely, and

concentrically occur at frequent intervals. The internal lialf consists of lamella'

with long lacunar and canaliculi, interrupted in the outer wall by Haversian

systems of the (lb) differentiation. The lamella are crossed by canals, and in

the anterior wall the canals run concentrically.

Type I-III, lb.
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LEFT FEMUR OF CAVIA CUTLERI. GUINEA PIG. AMEK. MUS. NAT. HIST.

Ph. 9, Fic. 171. Svx. Tai;. V

Antero-posteriof diameter of hone, 6 mm.; lateral, 4 mm.

Antero-posterior diameter of medullary canal, 4 mm.: lateral. ."> mm.

The medullary raual is full. Medullary index, lOU'/.

Structure.—The three divisions are plainly marked. The external eiroum-

ferential lamella with long- lacuna^ and straight eanaliculi form a narrow ring

around the hone. The central ring consists of hasie bone substance with roimd

and oval lacuna? and bushy canaliculi, interrupted by poorly developed Ha-

versian systems of the (la) differentiation and crossed by radiating canals. In

the posterior wall the ring consists of crude Haversian systems between which

is bone substance with oval lacunfe and bushy canaliculi.

The internal circumferential lamellsB form a narrow ring around the medul-

lary canal. The bone shows a threefold division.

Type I-III, la.

LEFT FEMUR OF SCAI_,OPUS AQU.\TICUS. MOLE. AMER. MUS. NAT. HIST.

Pl. 9, Fig. 172. Syn. Tab. V

Antero-posterior diameter of bone, 1.5 mm. ; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 1 mm.; lateral, 1 mm.

The medullary canal is full. Medullary index, 80%.

Structure.—The section is composed of lamellae with long and oval lacuna;

and straight canaliculi, partially separated into two equal, concentric rings by

concentric, branching canals and crossed at various angles by radiating canals.

In the posterior wall the lamellae are crude Haversian systems of the (lb)

differentiation.

Type I-III, lb.

RIGHT FEMUR OF SOREX. SHREW. AMER. MUS. NAT. HIST.

PL. 9, Fig. l^S. Syx. Tab. V

Antero-posterior diameter of bone, 3 mm. ; lateral, 3.3 mm.

Antero-posterior diameter of medullary canal, 1.2 mm.; lateral. 1.5 mm.

The medullary canal is full. Medullary index, 22%.

Structure.—The section is composed of bone substance with oval lacuiuB

and bushy canaliculi, freciuently interrupted by primitive Haversian systems of

the (II)) differentiation and crossed by canals. In some places fragments of

external circumferciitial lamelhr appear. In I lie yioslcrioi- wall is a group of

oval lacunae witii short, bushy canaliculi.

The bone shows but little diffei-entiation of structure. It is uniformly of

an early differentiation.

Type I-III, lb.
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KIGHT FEMIIH OF iMACHOI'lS. WALLABY. NO. 22810, AMEE. MI'S. NAT. HIST.

Pl. 9, Fi(i. IM. Syn-. 'J'\ii. V

Antero-posterioi- diameter of l)oiie. 14 iiiiii.; lateral, 1-1- iiuii.

Antero-posterior diameter of inediillary ramil, 1(» mm.; lateral, VU.5 mm.
The medullary eaiial is full. Medullary index, 115%.

Structure.—The section is composed of lamella' with oval long lacuuiu

and straight canaliculi, interrupted in the posterior wall by vascular canals and

crude Haversian systems, and elsewhere by frequent radiating canals and

Haversian systems of the (la) differentiation. It is indistimitly laminated.

Type I-III, la.

LEFT FEMLTR OF SOLENODOX PAKADOXfS (yOUXG). AMEB. MUS. NAT. HIST.

Pl. 9, Fig. 175. Syn. Tab. V

Antero-posterior diameter of bone, 5 mm. ; lateral, 4.5 mm.
Antero-posterior diameter of medullary canal, 4 mm.; lateral, ."t.n mm.
The medullary canal is full. Medullary index, 165%.

Structure.—The section is composed of lamellse with round and oval lacuna^

and bushy canaliculi, frequently interrupted Ijy Haversian systems of tlie (la)

and (lb) dift'erentiation and crossed by many obli(|ue and radiating canals

which take their origin in the medullary canal. The bone sliows a very incom-

plete differentiation.

Type I-lII, la, lb.

RIGHT FEMLTK OF SOLE.VODOX I'A [iADdXlS (ADI'LT). AMER. MI'S. NAT. HIST.

Pl. 9, Fig. lU!. Syn. Tab. Y

Antero-posterior diameter of bone, 6.5 mm; lateral, 5 mm.

Antero-posterior diaiueter of medullary canal, 4.5 mm.; lateral, o.5 mm.

The medullary canal is full. Medullary index, 94 '/i.

Structure.—The section shows the three divisions. The external circum-

ferential lamellje form a distinct ring around the section. It is widest in the

inner wall. The lacume are long and the caualiculi are bushy and straight. The

central ring is composed of lamella' with oval lacnn;c and bushy canaliculi,

interrupted by crude Haversian systems of the (la) and (lb) dift'erentiations.

The section is nearly all lamella'. The internal circumferential lamella? form a

fragTnentary ring around the medullary canal. Their lacuna? are oval and

straight and the canaliculi are straight.

Type I-III, la, lb.
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FEMUR OF LEMUK MONGOZ. NO. 86849, U. S. NAT. MUS.

Pl. 0. Fig. 177. Stn. T.\b. V

Antero-iiosterior diameter of bone, 9 mm. ; lateral, 7 mm.

Antero-posterior diameter of medullar}' canal, 7 mm. ; lateral, 4.5 mm.

The medullary canal is full. Medullary index, 100%.

Structure.—The section is composed of lamella; Avitli long lacunae and

straight canaliculi, divided into wide external and narrow internal rings. The

lamellae of the external ring are interrupted by small and rather crude Ha-

versian systems of the (lb) differentiation and by vascular canals which occupy

a concentric position in the wall of the bone. The internal ring of lamelte with

long lacunae and straight canaliculi surrounds the medullary canal. The bone

has the twofold division.

Type I-III, lb.

LEFT FEMUR OF COLOBUS ABYSSINICUS CAUDATUS. NO. 27711, AMER. MUS. NAT. HIST.

PL. 9, Fig. 178. Syn. Tab. V

Antero-posterior diameter of bone, 12.5 mm. ; lateral, 13 mm.

Antero-posterior diameter of medullary canal, 7 mm. ; lateral, 7 mm.

The medullary canal is full. Medullary index, 43%.

Structure.—The section is composed of a very wide band of external cir-

cumferential lamellae, interrupted by numerous very crude Haversian systems

of the (la) and (lb) differentiations. The band forms nearly the whole width

of the wall of the bone. In the posterior wall the lamellfe are displaced by small

undeveloped Haversian systems and in the outer wall a narrow crescent of

Haversian systems of the (C) stage appears just external to the internal cir-

cumferential lamellae.

Internal circumferential lamellae surround the medullary canal. Generally

the lacunae are long and narrow and the canaliculi are straight, but in the pos-

terior wall the lacunae are oval. The bone shows the twofold division.

Tji^e I-III, la, lb, C.

femuh of putorius vulgaris. weasel. (^r. med. coll.

Pl. 9, Fig. 179. Syx. T\I!. \

Antero-posterior diameter of the bone, 1..") nnii.; laleral, 2 mm.

Antero-posterior diameter of the medullary canal, 1 mm.; lateral, 1.5 mm.
The medullary canal contains a very Ihiii layer of mai^row around the walls

of the bone. Medullarv index, 62%.
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Structvre.—The section is composed of lamelte with h)ii,i>' and narrow

lacunfc and hing, straight canalicnli. In the outer wall the lamellae are inter-

rupted by irregularly shaped whorls of oval and round lacunae closely packed

together in the bone substance. The canaliculi are short and bushy. In one of

these whorls a central canal apiiears and the whole figure resembles slightly

a crude Haversian system. A few large canals cross the section radially on

their way from the medullary canal to the external surface. The bone is

uniform.

Type I.

FEMUR OF MUS RATTUS. RAT. CR. MED. COLL.

Pl. 9, Fig. 180. StxV. Tab. V

Antero-posterior diameter of bone, 2.5 mm.; lateral, .3.5 mm.

Antero-posterior diameter of the medullary canal, 1.5 mm. ; lateral, 2.5 mm.

The medullary canal is full. Medullary index, 75%.

Structure.—The section is composed of two concentric rings of about equal

width surrounding the medullary canal. The external ring is composed of

lamellje with long lacunae and long, branching canaliculi. Here and there cross

canals appear. The internal ring is composed of short lamellae, laminae, and a

few incomplete Haversian systems of the (lb) differentiation, separated by a

network of canals. The lacunae are oval and round and the canaliculi are bushy.

The internal circumferential lamellae are so blended with the other structures of

the internal ring that they are poorly defined.

Type I-III, lb.

LEFT FEMUR OF HETEROMYS. SPINY POCKET EAT. AMER. MUS. NAT. HIST.

Pl. 9, Fig. 181. Syn. Tab. V

Antero-posterior diameter of bone, 4.5 mm.; lateral, 2.5 mm.

Antero-posterior diameter of medullary canal, 3.5 mm.; lateral, 2 mm.

The medullary canal is full. Medullary index, 153%.

Structure.—The anterior and inner walls are composed of lamellae with

long and oval lacunae and straight canaliculi, crossed radially by frequent

canals. The posterior wall is composed of rather crude Haversian systems

with oval lacunae and bushy canaliculi, and the ouler wall of lamcllic with oval

lacunae and bushy canaliculi, interrupted by crude lla\ersian syslciiis of (lie

(la) and (lb) differentiations and crossed by canals. The internal circum-

ferential lamelliP are not distinct. The bone shows but little differentiation of

structure.

Type I-III, la, lb.
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kight femuk ok mvog.vle moschata. desman. cu. mkd. coll.

Pl. 9, Fig. 183. Syx. Tab. Y

ilutero-postei-ior diameter of bone, .5 mm.; lateral, 6.5 mm.

Aiitero-i)osterior diameter of medullary raual, 2.5 mm.; lateial, ::! mm.

Me<liillary canal lias no contents. Medullary index, 30%.

Stmet lire.—The inner wall of the bone is extended in the foini of a ridge,

wliich is composed of a network of laminae and canals rumiini;- transversely and

occupying the outer four-fifths of the ridge. Each lamina is composed of lamelhi)

with long or oval lacunse and long branching or bushy canaliculi. Tlie inner

one-fifth of the ridge wall is composed of a iietAvork of lamina- running from

the medullary canal to the outer network. The remainder of the bone (anterior,

outer, and posterior wall) is composed of a very irregular, wide internal ring

of lamellsi surrounding the medullary canal and having an outer wavy border,

in some places distinct and in other places fused with an external network of

lamina;. Many canals cross the lamellae on their way from the medullary canal

to the middle of the -wall. Within the lamellar ring are several round or ellip-

tical bodies composed of lamella running lengtliwise of the cross-section. These

bodies are such as would result from a transverse section of solid pillars. In

the outer wall of the bone lamella form tlic entire thickness. Here and there

occur a few incomplete Haversian systems consisting of a central canal and

radiating canaliculi. Twofold division.

Type I-II-III, lb.

FEMUB OF CVXOMYS LCDOVICIANrS. PRAIIUE DOG. Ci:. MED. COLL.

Pl. t), Fig. 183. Six. Tab. V

Antero-posterior diameter of bone, 4.5 mm.; lateral, 5 nun.

Antero-posterior diameter of medullary canal, 2.5 mm.; lateral, 3 nnn.

The medullary canal is cmpt\-. Medullary index, 50':;

.

Structure.—The section is composed of external circumferential lamella

forming an irregular ring wliich reaches its greatest width in the inner wall.

Tlie lacuna are long and narrow and tlic canaliculi arc long.

The central ring is composed of incomplete Haversian systems of the (lb)

differentiation. Their lamella^ are indistinct, their lacntur are oval, and their

canaliculi are bushy.

A very wide ring of internal circumfei-ciit iai laiiu'lla' surrounds the Tucdnl-

lary canal. The ring is widest in the anterior wall. Tlieir lacuna' are long and

naridw and their canaliculi are long. Xiiiiierous canals ])ass fi-oni the medid-

lary canal across the lanu'lla- into the interior of the hnnc.

Type I-TTT. Tb.



NO. 3 COMPARATIVE HISTOLOGY OF FEMUK TOOTE 97

LEFT FEMUR OF TKICHOSURUS VUI.PECULA. PHALANGER. NO. 22804,

AMRR. MiTS. NAT. TTTST.

I'L. 0, Fig. ISi. Syn. Tab. V

Autero-ijosterior diaiiietor of bone, 7 mm.; lateral, 7.o nun.

Antero-posterior diameter of medullary canal, 4 mm.; lateral, 5 mm.

The medullary canal is full. Medullary index, 61%.

Structure.—The section is composed of lamellae with long lacunae and

straight canaliculi, interrupted by a few Haversian systems of the (la) and

(lb) differentiations and crossed radially by vascular canals.

The bone shows very little differentiation of structure. The lione is uni-

form.

Type I-III, la, lb.

LEFT FEMTTE OF PHASCOLOMY'S I^RRINUS. WOMBAT. AMER. MUS. NAT. HIST.

Pl. 9, Fig. 185. Syn. Tau. V

Antero-posterior diameter of lione, 11.5 mm.; lateral, 13 mm.

Antero-posterior diameter of medullary canal, 4 mm.; lateral, 6 mm.

The medullary canal is full. Medullary index, 11%.

Struct lire.—The section is composed of several concentric rings of lamella'

with long lacmife and straiglit canaliculi surrounding the medullary canal.

The rings of lamellfp are separated by small, crude Haversian systems of

the (la) and (lb) differentiations and crossed radially by many canals. The

posterior ridge is (h)ubl('. Tlie two ridges are comp()se<l of very crude Ha-

versian systems and inter-Haversian lamellae. Between tbem and forming the

posterior wall the structure is the same as elsewhere.

The lacunae are long and oval and the canaliculi are long, straight, or busliy.

The bone shows but little ditferentiation of structure.

Type I-III, la, lb.

bight femur of LASIOPYGA KOLBI. AFRICAN MONKEY. NO. 27719,

AMEE. MUS. NAT. HIST.

Pl. 0. Fig. 18(5. Syn. Tau. V

Antero-posterior diameter of bone, 8.5 mm.; hiteral, 10 mm.

Antero-posterior diameter of medullary canal, mm.; lateral, 7 niin.

The medullary canal is full. Medullary index, 98%.

Structure.—The section is composed of concentric lamella; with oval lacuna'

and bushy canaliculi, interrupted by small crude Haversian systems of the (la)

and (lb) differentiation enclosing the medullary canal. A few faii'ly well de-
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veloped Haversian systems appear in tlie inner wall and several are found in

tlie posterior wall. The bone is nniform.

Type I-III, la, lb.

RIGHT FEMUR OF TRAGULUS JAVANICUS. JAVA i\!OUSE-DEER. Nd. 14128,

AMER. MUS. NAT. HIST.

Pl. 10, Fig. 187. Syn. Tab. V

Antero-posterior diameter of bone, 7.5 mm.; lateral, 7 nmi.

Antero-posteiior diameter of medullary eanal, 6.5 mm.; lateral, (i nun.

The medullary eaual is full. IMedullary index, 289%.

Structure.—The section is composed of lamella? with long lacunaj and

straight canaiiculi incompletely separated into lamina>, interrupted by a few

Haversian systems of the (la) and (C) differentiations and crossed by canals.

In the posterior wall Haversian systems are most numerous. The lacun* are

long and oval. The bone shows but little ditferentiation of structure.

TjiDe II-III, la, C.

RIGHT FEMUl! OF MUS SYl.V.ATICUS. W'ddH MOUSE. UR. MED. COLL.

Pl. 10, Fig. 188. Syn. Tab. V

Antero-posterior diameter of bone, 2 nun.; hiteral, 3 mm.

Antero-posterior diameter of medullary canal, 1 mm.; lateral, 2 nnn.

The medullary canal is full. Medullary index, 50%.

Structure.—The section is composed of lamella? with round, oval, and long

lacuna? and bushy canaiiculi, separated into short bands which extend spirally,

concentrically, and radially along the walls. Here and there a few crude Ha-

versian systems appear.

Type I-III, lb.

LEFT FEMUR OF ERIXACEUS EUROPjEXJS. HEDGEHOG. AMER. MUS. NAT. HIST.

Pl. 10, Fig. 189. Syx. Tab. V

Antero-posterior diameter of bone, 3 mm.; lateral, 6 mm.

Antero-posterior diameter of medullary canal, 2 muL; lateral, 2.5 mm.

The medullary canal is full. Medullary index, 38%.

Structure.—With the exception of the anterior wall, the section is sur-

rounded by lione substance with oval lacuna' and bushy canaiiculi.

The body of the section is com]iosed of lionc substance with oval lacuna'

and bushy canaiiculi in wliicli are Haversian systems of the (lb) differentiation.

In the anterior wall is a narrow concentric lamina. The posterior wall is very

much extended and composed of cancellous bone substance with oval lacniRc.

The internal circumferential lamelhi? are absent.

Type I-III, lb.
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RIGHT FEMUR OF VIVEHKA. CIVET. AMEl!. MUS. NAT. HIST.

Pl. 10, Fig. 190. Syk. Tab. V 1

Antero-posterior diameter of bone, 8 mm. ; lateral, 7 mm.

Antero-posterior diameter of medullary canal, 5 mm.; lateral, 4 mm.

The medullary canal is full. Medullary index, 55%.

Structure.—The section has three divisions. A wide ring of lamelhe, dimly

separated into concentric parts and frequently interrupted by Haversian sys-

tems of the (la) differentiation, forms the greater part of the bone. The

lacunae are oval and the eanaliculi are busliy and straight. Underneath this

is a long crescent of Plaversian systems of the (lb) differentiation surround-

ing the section with the excei^tion of the inner wall. The systems are separated

by bone substance with round lacunae, and bushy eanaliculi.

A narrow ring of lamellas with long lacunae and straight eanaliculi sur-

rounds the medullary canal.

Type I-III, la, lb.

RIGHT FEMUR OF RATUFA MAXIISIA. GIANT SQUIRREL. NO. 22839,

AMER. MUS. NAT. HIST.

Pl. 10, Fig. 101. Syx. Tab. V

Antero-posterior diameter of bone, 5.5 mm. ; lateral, 6.5 mm.

Antero-posterior diameter of medullaiy canal, 3.5 mm. ; lateral, 4.5 mm.

The medullary canal is full. Medullary index, 80%.

Structure.—The section is surrounded by a wide ring of lamellje with long

lacunar and straight eanaliculi, interrupted by Haversian systems of tlie (la)

differentiation. In the posterior and outer wall is a narrow ring of small

Haversian systems of tlie (II)) differentiation. The internal circumferential

lamelte are not distinct.

Type I-III, la, lb.

FEMUR OF GALEOPITHECUS. FLYING LEMUR. NO. 49640, U. S. NAT. MUS.

Pl. 10, Fig. 193. Sy>j. Tab. V

Antero-posterior diameter of bone, 6.5 unii. ; lateral, 5.5 mm.

Antero-posterior diameter of medullary canal, 4 mm.; lateral, 3.5 iimi.

The medullary canal is full. ^Medullary index, 64%.

Structure.—The section is composed of a wide ring of external cin/um

ferential lamelhiL' with long lacunae and straight eanaliculi, frequently inter-

rupted by small, crude Haversian systems of the (la) differentiation. The
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laiuellii' form tlic wliole tliickuess of the anterior wall with IIk- cxceptit)!! of

Ili(^ internal eircninfereutial lamella'.

'i'lie internal circnml'erential lamella', with a lon^'. narrow creseeut of Ha-

versian systems of the (lb) differentiation, esi)ecially in the posterior and

adjacent lateral wall, surromid tbe medullary canal.

Type I-III, la, lb.

LEFT FEMUR OF MANIS. SCALY ANT-EATER. AMER. MUS. NAT. HIST.

Pl. 10, Fici. VJo. Syn. Tab. V

Autero-posterior diameter of bone, 7.5 mm.; lateral, 11 mm.

Autero-posterior diameter of medullary canal, ;i mm. ; lateral, 7 mm.

The medullary canal is full. Medullary index, 74:%.

St rnctvre.—The three divisions ai)pear indistinctly marked. The external

ciicnnifereutial lamella' witli long- lacuna' aixl straight caualiculi form a wide

hand aiduiid the section. They are interrupted by crude Haversian systems

(if the (la) differentiation and crossed by canals which assume a radial direc-

tion. Under this band is a narrow ring of lamella? with oval lacunae and bushy

canaliculi. Beneath tliis again is a narrow ring of Haversian systems of the

(lb) differentiation. Tlie lacuiue are oval and long aud the canaliculi are bushy.

Internal circumferential lamella* form a narrow ring arouud the medullary

canal. Their lacunae are oval. In the outer wall tendon insertions and crude

systems are found. Threefold division.

Type I-III, la, lb.

RIGHT FEMXJE UF I'KOCAVI A CAPENSIS. CONEY. NO. 3532G, A.MER. JIUS. NAT. HIST.

Pl. 10. Fig. 1;)4. Syx. Tab. V

Autero-posterior diameter of bone, 7.5 mm.; lateral, 5 mm.

Autero-posterior diameter of medullary canal, 3 mm.; lateral, 2.5 mm.
The medullary canal is full. Medullary index, 25%.

Stnictiiie.—The external circumferential lamella? form a narrow boundary

(if 1lu' posterior wall and then gradually widen to form the whole of tlie anterioi-

wall. They are interrupted by Haversian systems of the (la) differentiation.

Their lacuiue are long and their canaliculi are straight. In the posterioi'

half of the section the central ring borders the medullary surface of the pos-

terior and inner wall and is discontinued as it reaches the anterior wall. It is

coniiiosed of well develo))ed Haversian systems. Internal circumferential la-

melhe form a broken ring ardund the medidlary canal.

Type T TIT Ta, C.
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LEFT FEMUK OF HELICTIS OEIENTALIS. ASIATIC BADGKI:. XO. olHOG,

AMER. Mrs. XAT. HIST.

Pl. 10. Fid. 195. Syv. Tai!. V

Antero-posteriov diameter of bone, 5.5 mm.; lateral, 4.5 mm.
Antero-posterior diameter of medullary canal, 3.2 mm.; lateral, l'.5 mm.
The medullary eanal i.s full. iVlcdnllary index, V29^/f

.

Structure.—The section is <'omy)osed of lamella* fre(|ii('iitly iiiU'rni|itcd liy

Haversian systems and crossed liy canals. Tlic laiiiella' have oval and hiiii;

lacuniE and straiuhl and Imshy canaliciili.

Type I-III, C.

RIGHT FEMUK OF CYNOCEPHALUS. BABOON. NO. 351"JU, AMEK. MTS. NAT. HIST.

Pl. 10. Fic. I '.Ml. Syn. Tab. V

Antero-posterior diameter of bone, IG mm.; lateral, 16 mm.

Antero-posterior diameter of medullary canal, 10 mm.; lateral, 10 mm.

Tlie medullary canal is full. Medullary index, 64%.

Structure.—Tlie section is comjjosed of a wide ring- of external lamella',

interrupted by small, crude Haversian systems of the (la) differentiation and

by large spaces. The lacuna; are long and oval with long canaliculi. The ring-

forms nearly the whole width of the wall. Around the medullaiy canal the

internal circumferential lamellae form an enclosing ring wliich is partly can-

cellous. A few Haversian systems occur between the internal and external

lamelhe. In the posterior ridge Haversian systems, separated by lamelkx) with

o\i\\ lacuna', constitute the structure.

Type I-III, la, lb.

EIGHT FEMUK OF CYNOCEPHALUS MAIMON. MANDRILL. NO. 'I'lSll

,

AMEK. MUS. NAT. HIST.

Pl. 10, Fig. 197. Syx. Tab. V

Antero-posterior diameter of bone, 13 mm.; lateral, 11.5 mm.

Antero-posterior diameter of medullary canal, 8 mm. ; lateral, 8 mm.

The medullary canal is full. Medullary index, 75%.

Structure.—The section is composed of two parts: a wide external cir-

cumferential ring of lamellae, interrupted by a few crude Haversian systems of

tlie (la) and (lb) differentiations, and a narrower internal ring of cancellous

bone. The lacunae are long and oval and their canaliculi are straight. The hone

shows but little differentiation of structure.

Type I-III, la, lb.
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RIGHT FBMUK OF HYDKOCHCERUS CAfYBAKA. NO. 35325, AMER. MUS. NAT. HIST.

Pl. 10, Fig. 198. Syn. Tab. V

Autero-posterior diameter of bone, 22 mm. ; lateral, 20 mm.

Autero-posterior diameter of medullary canal, 13 mm. ; lateral, 11 mm.

The medullary canal is full. Medullary index, 48%.

Structure.—The section is surrounded by a narrow ring of Haversian sys-

tems and inter-Haversian lamelte. The central ring, confined to the outer wall,

is composed of crude Haversian systems of the (lb) dilferentiatiou, between

which are lamellre with large, oval lacuiiEE and bushy canaliculi in the outer wall,

and lamellae with oval lacunse and bushy canaliculi interrupted by canals of the

(la) differentiation in tlie inner and anterior wall. The internal circumferential

lamellge form a narrow ring round t1ie medullary canal. The lacunae are oval.

Type I-III, la, lb.

Femora or Fetal Sheep, Calf, and Pig—Half Time

BIGHT FEMUR OF FETAL SHEEP, 11 WEEKS. NO. 93, CK. MED. COLL.

Pl. 11, Fig. 199. Syn. Tab. V

Antero-posterior diameter of bone, 3.5 mm,; lateral, 4 mm.

Antero-posterior diameter of medullary canal, 1 mm. ; lateral, 1 mm.

The medullary canal is full. jMeduUary index, 8%.

Structure.—The section is comjaosed of short, wide, irregular lamiufe with

oval lacunae and bushy canaliculi, between which are short, wide, irreg-ular com-

municating canals. The section is pretty uniform in structure. A few Ha-

versian systems of the (lb) differentiation are present in the posterior wall.

This feuuir is about one-half of tlie full fetal term and may be compared with

the human femur of 4 to 5 months.

Type II-III, lb.

RIGHT FEMUR OF FETAL CALF, 18 WEEKS. NO. 94, CR. MED. COLL.

Pl. 11, Fig. 200. Syn. Tab. V

Antero-posterior diameter of bone, 12 mm.; lateral, 11 mm.
Antero-posterior diameter of medullary canal, 5 mm.; lateral, 4 mm.
The medullary canal is full. Medullary index, 18%.

Structure.—The bone is half fetal development. It is com^josed of small,

very irregular areas of laminae separated by many canals of bizarre shapes.

Around the circumferential fomtli of the l)one the canals are elongated and

the laininte have assumed a general concentric arrangement. In the medul-

lary throo-fourths there is no dpfinito plan of arrangement. The laminae are
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composed of oval and long lacunse with rather infrequent oanalionli. Here and

tliere, and especially in the posterior ridge, some laminie^ have widened, short-

ened, and assumed in part the shape of Haversian systems.

Type II-III, lb.

RIGHT FEMVR OF A FETAL, PIG, HALF FETAL PERIOD 8^ WEEKS.

Pl. n, Fig. 201. Syn. Tais. V

Antero-posterior diameter of bone, 3.5 mm. ; lateral, 3 mm.
Antero-posterior diameter of medullary canal, 1.5 nnn. ; lateral, 1 mm.
The medullary canal is situated eccentrically. The anterior wall is tliin-

nest, the posterior thickest.

The medullary canal is full. Medullary index, 17%.

Structure.—The section is composed of concentric laminfe separated and

crossed by wide canals. In tlie anterior wall the laminae are short, in the lateral

wall, long, and in the posterior wall, irregular. There are no Haversian sys-

tems, although in the posterior wall the laminae are very short and inclined to a

circular bend. The lacunae are oval and the canaliculi are bushy.

Type II.

FEMLTIi OF CARIACUS MACROTIS. DEER. OR. MED. COLL.

Pl. 11, Fig. 303. Syn. Tab. V

Antero-posterior diameter of bone, 25 mm. ; lateral, 24 mm.

Antero-posterior diameter of the medullary canal, 17 nnn. ; lateral, 16.5 mm.

The medullary canal is full. Medullary index, 88%.

Strvctiire.—Tlie bone is composed almost entirely of lamiiia\ Tliey are

well developed, separated, and crossed by wide canals. Tlieir lacunae are long,

narrow, and completely developed and the canaliculi are long and branching.

Here and there are found a few aberrant Haversian systems, produced by a

circular widening of the concentric canals and the bending of a few lamellae

around the circular openings. The laminae form the entire section, excepting

the posterior ridge and a small area near the anterior wall which are composed

of Haversian systems with many oval lacuiife. There are no distinct external

circumferential lamellae. The canals between the laminae cross them at right

angles and communicate freely with each other.

The internal circumferential lamina^ form an irregularly sliaped boundary

of the medullary canal. They are frequently crossed by canals extending out-

ward from the medullary canal. The surface of the posterior ridge shows the

tendon attachments of muscles. Extending from this surface to the internal

circumferential lamina^, and for a short distance on either side of the posterior

mid-line, is an area of Haversian systems. They are irregular in shape, well
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developed for the most part, separated by bone substance with oval lacunaj

and bushy canalieuli, aud surrounded by a coarse network of canals. Their

lacunte are long and narrow, generally. A few, however, show round or oval

lacuua> with short, bushy canalieuli. The bone is uniform.

Type II-III, C.

FEMUR OF SUS. DOMESTIC PIG. CR. MED. COLL.

Pl. 11, Fig. 203. Syn. Tab. V

Antero-posterior diameter of bone, 21.5 mm. ; lateral, 18.5 mm.
Antero-posterior diameter of medullary canal, 16.5 mm. ; lateral, 12.5 mm.

The medullary canal is full. Medullary index, 108%.

Structure.—The bone, with the exception of the posterior wall, is composed

of concentric laminje. The laminfe are separated and crossed by wide canals

which frequently communicate with each otlier. The separating canals, here

and there, widen into circular areas which are surrounded by incompletely

de\'eloped concentric lamella; and form aberrant Haversian systems. The lami-

niP are long or short and strongly developed. They have long, narrow lacunae

and branching canalieuli. In the posterior wall are two areas of well develoj^ed

Haversian systems separated by an intermediate wall of laminae. These are

the only regular systems of the section.

The femur of the adult pig is second type witli two areas of Havei'sian

systems in the posterior wall. Tliis bone, therefore, is essentially second in

tyjje as it emerges from the fetal stage, and, for the most part, remains second

in the adult.

Type II-III, C.

RIGHT FEMUR OF SUS SCROFA. WUJ) BOAR. (ARKANSAS.) CR. MED. COLL.

Pl. 11, Fig. 201. Syn. Tab. V

Antero-posterior diameter of bone, 23 mm.; lateral, 20 nun.

Antero-posterior diameter of medullary canal, 15 mm.; lateral, K! nnn.

Tlie medullary canal is full. Medullary index, 74%.

Structure.—The bone is comjiosed of concentric laminae crossed and divided

into short segments by canals. The laminae are composed of lamella' with long

narrow lacunae and straight canalieuli.

In the posterior wall are two ridges separated by the intervening portion

of the posterior wall. These ridges are composed of well developed Haversian

systems which occupy the whole tliickness of the wall from the external laminae

to the internal. Between the ridges the posterior wall is composed of laminae

alternating with Haversian systems in concentric rows. About the middle of

the lateral walls on both sides of the two ridges, crude Haversian systems are
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extended for some distance between the lamime. Tlie lacuaa^ of all iinils are

well developed.

Type II-III, C.

FEMUR OF ALCES MACHLIS. ELK. CE. MED. COLL.

Pl. 11, Fig. 205. Syn. Tab. V

' Antero-posterior diameter of bone, 35 mm. ; lateral, .33 mm.

Antero-posterior diameter of medullary canal, 23 mm. ; lateral, 20 mm.

The medullary canal is full. Medullary index, 66%.

Structure.—A ring of external circumferential lamellse surrounds the bone.

Their lacunae are long and narrow and their canaliculi are long and branching.

The central ring, constituting the greater part of the bone, is composed of fully

developed lamina? separated by concentric canals and interrupted at short

intervals by completely developed Haversian systems. The laminae are fre-

quently transected by the canals, which freely communicate with each other.

They are composed of lamellae with long, narrow lacunae and branching cana-

liculi. They have the appearance of a strong development. The canals are

wide and in some places have widened into Haversian canals.

The Haversian systems have long, narrow lacunae and long branching cana-

liculi. The Haversian canals are large, round or oval in shape, and freely com-

municate with each other. Beginning in the posterior wall, and extending

around the outer wall, nearly to the anterior mid-line, and occupying a position

next to the internal circumferential lamellae, is a narrow zone of Haversian

systems. Another grouji is found near the surface of the anterior wall, and

near the medullary canal are several large vascular canals surrounded by

lamellae.

Type II-III, C.

RIGHT FEMUR OF CAMELUS. CAMEL. XO. 35379, AMER. MUS. NAT. HIST.

Pl. 11, Fig. 206. Syn. Tab. V

Antero-posterior diameter of bone, 51 mm. ; lateral, 50 mm.

Antero-posterior diameter of medullary canal, 35 mm. ; lateral, 35 mm.

The medullary canal is full. Medullary index, 93%.

Structure.—The section is composed of concentric lamina crossed by numer-

ous canals. Their lacunae are oval and long and their canaliculi are bushy and

straight. Near the medullary border the laminae are interrupted by numerous

irregularly shaped spaces. The posterior ridge is composed of Haversian

systems of the (lb) dit¥erentiatiou. Around the medullary surface these are

separated by large, irregularly shaped spaces.

Type II-III, lb.
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RIGHT FEMUR OF AUCHENIA GLAMA. LLAMA. NO. 36363, AMER. MUS. NAT. HIST.

Pl. 11. Fig. 207. Syn. Tab. V

Antero-posterior diameter of bone, 25 mm. ; lateral, 25 mm.

Antero-posterior diameter of me<hillary canal. 17 mm. ; lateral, 15 mm.

The medullary canal is full. Medullary index. 69%.

Structure.—The section is composed of short and long concentric laminae

with long lacuna? and straight caualieuli, separated and crossed by canals and

frequently interrupted by small Haversian systems of the (lb) differentiation.

The posterior ridge is composed of Haversian systems. Around the medullary

canal are many irregularly shaped spaces.

Type II-III, lb.

right femur of bangifer. reindeer. no. 4176, u. s. nat. mus.

Pl. 11, Fig. 208. Syn. Tab. Y

Antero-posterior diameter of bone, 26 mm. ; lateral, 23 mm.

Antero-posterior diameter of medullary canal, 16 mm.; lateral, 11 mm.

The medullary canal is full. Medullary index, 60%.

Structure.—Beginning on both sides of the posterior ridge and extending

around the section is a liorseshoe band of laminae with long lacunae and straight

canaliculi, frequently interrupted by small, crude Haversian systems of the

(la) ditferentiation. The band constitutes the whole width of the wall with

the exception of the narrow internal circumferential lamellae. The posterior

ridge is composed of Haversian systems— (lb differentiation). The medullary

canal is surrounded l)y a ring of lamellae.

Type II-III, la, lb.

LEFT FEMUR OF URSUS AMERICANUS. BLACK BEAR. CR. MED. COLL.

Pl. 12, Fig. 209. Syn. Tab. V

Antero-posterior diameter of bone, 31 mm. ; lateral, 29 mm.

Antero-posterior diameter of medullary canal, 22 mm.; lateral, 21 nun.

The medullary canal is full. Medullary index, 105%.

Structure.—The bone is nearly round and has thin walls. The anterior

wall is thickest. The bone is composed of short and long laminae having a

general concentric arrangement, but presenting a variety of positions in the

different portions of the wall. In the anterior and outer wall they are short

and long, having the curvature of the bone, or present short angular curves and

run transversely. The laminae are quite uniform in width and are separated

by distinctly wide canals. The lacunae are long and the canaliculi are straight.
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In the posterior wall the lamina* are interrupted by a few Haversian sys-

tems well developed. In the inner wall the laminae are more uniformly con-

centric.

Type II.

RIGHT FEMUR OF TAUROTRAGUS ORYX. ELAND. NO. 27891, AMER. MUS. NAT. HIST.

Pl. 12, Fig. 310. Syn. Tab. V

Antero-posterior diameter of bone, 55 mm. ; lateral, 44 mm.

Antero-posterior diameter of medullary canal, 35 mm. ; lateral, 30 mm.

The medullary canal is full. Medullary index, 73 %.

Structure.—The section is composed entirely of laminae with the exception

of the posterior ridge. They are short in the anterior wall and of varying

lengths in the lateral wall. Their lacunae are generally oval and their canaliculi

are straight. The posterior ridge is composed of irregular Haversian systems,

separated by bone substance with oval lacunae and bushy canaliculi.

Type II.

LEFT FEJVIUR OF CONNOCHyETES TAURINUS ALBOJUBATUS. GNU. NO. 27824,

AMER. MUS. NAT. HIST.

Pl. 12, Fig. 211. Stn. Tab. V

Antero-posterior diameter of bone, 33.5 mm. ; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 20 mm.; lateral, 17.5 mm.

The medullary caual is full. Medullary index, 53%.

Structure.—With the exception of the posterior ridge the section is com-

posed of short and long laminae. The laminae are composed of lamellae with oval

lacunae and straight canaliculi and are separated and crossed by canals.

The ridge is composed of fairly well developed Haversian systems, separ-

ated by short lamellje with oval lacunae and bushy canaliculi.

Type II.

RIGHT FEMUR OF OVIBOS MOSCHATUS WAHDI. MUSK OX. AMER. MUS. NAT. HIST.

Pl. 12, Fig. 212. Syn. Tab. V

Antero-posterior diameter of bone, 36 mm. ; lateral, 34 mm.

Antero-posterior diameter of medullary canal, 30 mm. ; lateral, 28 mm.

The medullary canal is full. Medullary index, 219%.

Structure.—The section is composed of laminae with oval lacunae and

straight canaliculi, separated by concentric canals. The lamina are short and

long, and interrupted here and there by small Haversian systems of the (lb)

differentiation: The posterior ridge is composed of small Haversian systems.
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In the inner lateral wall is another aggregation of the same type of Haversian

systems.

Type II-III, Ih.

EIGHT FEMUB OF MEXICAN BUREO. CR. MED. COLL.

Pl. 12, Fig. 213. Syn. Tab. V

Antero-posterior diameter of bone, 30 mm. ; lateral, 23 mm.

Antero-posterior diameter of medullary canal, 15 mm. ; lateral, 11 mm.

The medullary canal is full. Medullary index, 31%.

Structure.—The section is composed of concentric lamina, separated and

crossed by canals, and interrupted by crude and fairly well developed Haversian

systems. Several laminae extend from the anterior to the posterior wall along

the medullary surface of the inner wall. The internal circumferential lamella?

with long lacunse and straight eanaliouli form a narrow boundary of the medul-

lary canal. Haversian systems occupy the mid-line of the posterior ridge.

Type IT.

RIGHT FEMUR OF TAPIRUS. TAPIE. NO. 35181, AMER. MUS. NAT. HIST.

Pl. 12, Fig. 214. Syn. Tab. VI

Antero-posterior diameter of bone, 32 mm. ; lateral, 35 mm.

Antero-posterior diameter of medullary canal, 21 mm. ; lateral, 25 mm.

The medullary canal is full. Medullary index, 98%.

Structure.—The section is composed of laminae interrupted by two groups

of Haversian systems, one in the posterior outer ridge and the other in the

posterior inner ridge. In the anterior wall a few systems also appear. The

lacunas are oval, the canaliculi bushy, and cross canals are infrequent. A little

cancellous bone is seen in the anterior wall. The Haversian systems of the

posterior wall are separated by considerable inter-Haversian lamellae.

Type II-III, C.

LEFT FEMUR OF EQUUS HEMIONUS. WILD ASS OP ASIA. NO. 49493, U. S. NAT. MUS.

Pl. 12, Fig. 215. Syn. Tab. VI

Antero-posterior diameter of bone, 46 mm. ; lateral, 31 mm.

Antero-posterior diameter of medullary canal, 26 mm.; lateral, 19 mm.

The medullary canal is full. MeduUary index, 55%.

Structure.—Beginning on both sides of the posterior ridge and constituting

the entire thickness of the wall of the bone are laminae which are interrupted

by small Haversian systems, and also alternate with Haversian systems. The

systems are most numerous in the posterior wall. There is nearly an equal

concentric division of the laminae. In the external portion they follow a regular



XO. 3 COMPARATIVE HISTOLOGY OF FEMUR FOOTE 109

concentric course; while in the internal they form two wide crescent-shaped

bands around the medullary canal. In the mid-line of the anterior wall the

systems are arranged in a narrow column from one surface to the other.

The posterior ridge is composed of Haversian systems, large, small, and

irregular in shape. Internal circumferential lamellas in a narrow ring enclose

tlie medullary canal.

Type II-III, C.

RIGHT FEMUR OF ELEPHAS AFRICANUS. AFRICAN ELEPHANT. NO. 35185,

AMER. MUS. NAT. HIST.

Pl. 13, Fig. 216. Stn. Tab. VI

Antero-posterior diameter of bone, 108 mm. ; lateral, 83 mm.

Antero-iDosterior diameter of medullary canal, 65 mm. ; lateral, 49 mm.

The medullary canal is full. Medullary index, 55%.

Structure.—With the exception of a very narrow fragmentary ring of ex-

ternal circumferential lamellaj with long lacuna and straight canaliculi, the sec-

tion is composed almost entirely of Haversian systems of the (C) differentia-

tion. Inter-Haversian lamellse are present in some portions of the bone. The

systems form the external boundary of the inner anterior wall where the lamella;

are deficient. Numerous cross canals unite the systems. The lacunar of the

whole section are long and narrow and their canaliculi are long, straight, and

thickly set. The internal circumferential lamellae are fragTuentary.

Type III, C.

FEMUR OF CHOLCEPUS DIDACTYLUS. TWO-TOED SLOTH. NO. 104593, U. S. NAT. MUS.

Pl. 12, Fig. 217. Stn. Tab. VI

Antero-posterior diameter of bone, 16 mm. ; lateral, 11 mm.

Antero-posterior diameter of medullary canal, 4 mm. ; lateral, 4 mm.

The medullary canal is cancellous. Medullary index, 9%.

Structure.—The section has a long posterior ridge and exhibits the three

structural divisions. The external circumferential lamelte form a narrow ring

around the bone excepting at the posterior ridge. The lacunas are long with

straight canaliculi in some places and oval with bushy canaliculi in others.

The central ring is composed of very distinct Haversian systems with little

inter-Haversian lamella;. They are of a high structural type. Their lacuna;

are long and their canaliculi are long and straight. Some of the Haversian

systems are united by cross canals, but not many. The systems are well

developed but many, especially around the medullary canal, show senile changes.

The internal circumferential lamellfe take the form of a thick ring of can-

cellous bone. The lacuuse are well developed.

Type III, C, senile.
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RIGHT FEMUR OF POTOS CAUDIVOLVULUS. KINKAJOU. AMER. MUS. NAT. HIST.

Pl. 12. Fio. 318. Syx. Tab. VI

Antero-posterior diameter of boue, 7 iiini. ; lateral, 8 mm.
Antero-posterior diameter of inedullnrv canal, 4.5 mm.; lateral, 5.5 mm.
Tlie medullary canal is full. Meilullary index, 80%.

Structure.—The section lias three divisions. The external circumferential

lamella; form a narrow band around the anterior and lateral wall. Their lacuna;

are oval and their canaliculi are straight. The central ring is composed of

Haversian systems and iuter-IIaversiau lamellas with oval lacuna; and bushy

canaliculi. The ring forms the inner wall with the exception of the internal

lamelke. The internal circumferential lamelte form a ring around the medul-

lary canal.

Type III, C.

RIGHT FEMUR OF LUTRA CANADENSIS. OTTER. NO. 30191, AMER. MUS. NAT. HIST,

Pl. 12, Fk). 211). Syn. Tab. VI

Antero-posterior diameter of bone, l-t.5 mm. ; lateral, 11 mm.
Antero-posterior diameter of medullary canal, 7 mm. ; lateral, 5 mm.
The medullary canal is full. Medullai-y index, 28%.

Structure.—The external circumferential lamellae appear in fragments.

The central ring constitutes nearly the whole section and is composed of well

developed Haversian systems. In the posterior wall the systems are separated

by lamella; with oval lacuna; and straight canaliculi. The internal circum-

ferential lamella> surround the medullary canal and form a wide band in the

outer wall.

Type III, C.

RIGHT FEMUR OF SIMIA SATYRUS. ORANG-UTAN. (BORNEO.) NO. 154304,

U. S. NAT. MUS.

Pl. 13, Fig. 220. Syx. Tab. VI

Antero-posterior diameter of l)one, 20 mm.; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 11 mm. ; lateral, 16 mm.
The medullary canal is full. Medullary index, 41%.

Structure.—The exteriuil circumferential lamella' are deficient in a ])ortioii

of the anterior wall, the Haversian systems of the central ring reaching the sur-

face at this point. The lamelhi? begin to increase in thickness as they pass

around the inner wall where tli(\v form nearly onethiiil of its width. They

then diminish in thickness as they reacii the posterior wall, then slightly increase

in the outer wall, and linally disappear as they approach the anterior wall. In
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this maimer they form a complete ring with the exeeption of a small anterior

portion of the circumferenee. They are interrupted by vascular canals and Ha-
versian canals of tlie (la) differentiation.

The central ring is composed of well developed Haversian systems separ-

ated here and there by short lameUse. The systems are small and large, but

well developed. Their lacuna^ are long and narrow. The systems are fre-

quently united by cross canals. The internal circumferential lamellfe form a

comi^lete ring of varying widths around the medullary canal.

The femur of the orang-utan resembles the human femur more closely

than those of other apes or monkeys.

Type I-III, la, C.

LEFT FEMUR OF FELIS TIGRIS. TIGER. NO. 174981, U. S. NAT. MUS.

Pl. 13, Fig. 221. Syn. Tab. VI

Antero-posterior diameter of bone, 28 mm.; lateral, 22 mm.
Antero-posterior diameter of medullary canal, 15 nun.; lateral, 12 mm.
The medullary canal is full. Medullary index, 41%.

Structure.—The posterior ridge is composed of well developed Haversian

systems. Beginning on both sides of the ridge and extending around the section

is a horseshoe band of lamellie with long lacunar and straight canaliculi, inter-

rupted by Haversian systems of the (la) differentiation. The central ring is

composed of well developed Haversian systems. The internal circumferential

lamellfe with long lacuna^ and straight canaliculi form a wide irregular ring

around the medullary canal. The ring is crossed by numerous radiating canals.

Type I-III, la, C.

BIGHT FEMUR OF HEMIGALUS HARDWICKI. CIVET CAT. NO. 32358,

AMER. MUS. NAT. HIST.

Pl. 13, Fig. 222. Sy.v. Tab. VI

Antero-posterior diameter of bone, 7 mm.; lateral, 5.5 mm.

Antero-posterior diameter of medullary canal, 4.5 mm.; lateral, 3 mm.

The medullary canal is full. Medullary index, 54%.

Structure.—The three divisions are well marked. The external circum-

ferential lamellaj form a wide ring around the bone. It is crossed by canals

and interrupted by a few crude Haversian systems of tlie (la) differentiation.

Its lacunjE are long and the canaliculi are straight. The central ring is com-

posed of well developed Haversian systems with very little inter-Haversian

lamella'. The internal ciicuniferential lamella' form a narrow liiig around the

medullary canal. The lacuna- are long and tlie canjiliciili are straiglil.

Type I-III, la, C.
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RIGHT FEMUR OF TATU NOVEMCINCTUS. ARMADILLO. NO. 357, AMER. MUS. NAT. HIST.

Pl. 13, Fig. 223. Syn. Tab. VI

Aiitero-posterior diameter of bone, 7.5 mm. ; lateral, 16 mm.
Antero-posterior diameter of medullary canal, 5 mm.; lateral, 6 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The section has a long lateral diameter by extension of its

outer wall. It is composed of lamellae with oval and round lacunae and bushy

canaliculi, crossed in all directions by canals and interrupted by a few un-

developed Haversian systems of the (lb) differentiation. The outer process

has central cancellous bone.

Type I-III, lb.

EIGHT FEMUR OF TAMANDUA TETKADACTYLA. ANT-EATER. NO. 14866,

AMER. MUS. NAT. HIST.

Pl. 13, Fig. 224. Syn. Tab. VI

Antero-posterior diameter of bone, 7 mm. ; lateral, 12 mm.
Autero-posterior diameter of medullary canal, 3 mm. ; lateral, 4 mm.

The medullary canal is full. Medullary index, 17%.

Structure.—The longest diameter of the bone is its lateral diameter. The

outer wall is projected outward into a prominent ridge. Beginning on both

sides of the mid-line of the inner wall and extending around the section is a

band of external circumferential lamella;, interrupted in the anterior wall by

concentrically arranged small, crude Haversian systems of the (la) differentia-

tion, and in the posterior wall by a few fairly well developed Haversian systems.

The band is widest in the anterior wall and narrowest in the outer wall. The

lacunae are oval and long and the canaliculi are bushy and straight.

Under this band is a central ring of Haversian systems of the (lb) dif-

ferentiation, between which is bone substance with oval and large lacunte and

bushy canaliculi. The ring nearly readies the external surface at the mid-line

of the inner wall. The systems are united by cross canals. Internal circum-

ferential lamellae form a rather narrow ring around the medullary canal. In

tlie outer and inner wall it assumes a cancellous form.

Type I-III, la, lb.

LEFT FEMUR OF GORILLA. GORILLA. NO. 22832, AMER. MUS. NAT. HIST.

Pl. 13, Fig. 225. Syn. Tar. VI

Antero-posterior diameter of bone, 16.5 mm.; lateral, 19.5 mm.
Antero-posterior diameter of medullary canal, 7.5 mm.; lateral, 9 nun.

The medullary canal is full. Medullary index, 15%.
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Stn(cture.--Beghmmg on both sides of the posterior ridge and extending

around the external aspect of the bone is a wide horseshoe-shaped band of

lamellas with long and oval lacunae and straight and bushy canalieuli. The la-

mellae are interrupted by crude Haversian systems of the (la) differentiation

and crossed at various angles by numerous canals.

The central ring is composed of well developed Haversian systems and
inter-Haversian lamelte. Their lacunae are long and canalieuli are straight.

The ring is narrow in the anterior wall and widens as it encircles the lateral

and posterior wall. In the posterior ridge the systems form the whole thickness

of the wall and are embraced by the heel of the horseshoe band. The internal

circumferential lamellae form a narrow ring around the medullary canal.

More than half of the section is lamellar. In this respect it differs from
the orang-utan in the femur of which the external lamellas form a narrower ring.

Type I-III, la, C.

FEMUR OF PRESBYTIS EUBICtlNDA. MOSTKEY. NO. 153793, U. S. NAT. MI'S.

Pl. 13, Fig. 226. Syn. Tab. VI

Antero-posterior diameter of bone, 11 mm. ; lateral, 11 mm.
Antero-posterior diameter of medullary canal, 6 mm. ; lateral, 6.5 mm.
The medullary canal is full. Medullary index, 48%.

Structure.—A wide irreg-ularly shaped horseshoe of lamelte surrounds the

section. The lamellae form about one-half of the thickness of the inner and
anterior wall and practically the whole thickness of the outer wall. They are

well developed with narrow lacunae and long canalieuli and are frequently inter-

I'upted by Haversian canals of the (la) differentiation.

The central ring is interrupted by the external lamellae of the outer wall.

It is narrow and composed of fairly well developed Haversian systems with

considerable inter-lamellar structure. The posterior ridge is composed of la-

mellae and Haversian systems mixed. The systems have oval and narrow lacunte

and rather infrequent canalieuli. The internal circumferential lamelte form a

narrow ring around the medullary canal.

Type I-TII, la, C.

EIGHT FEMUR OF HYLOBATES. GIBBON. NO. 131988, U. S. NAT. MUS.

Pl. 13, Fig. 227. Syn. Tab. VI

Antero-posterior diameter of bone, 11 mm.; lateral, 11.5 mm.
Antero-posterior diameter of medullary canal, 6 mm. ; lateral, 6.5 mm.
The medullary canal is full. Medullaiy index, 44%.

Structure.—The section of the bone is composed of a wide external ring of

lamella?, frequently interrupted by very incomplete Haversian systems of the

(la) differentiation. The lamellar ring surrounds the bone with the exception



114 SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE VOL. 35

of the posterior rirlge, where a few Haversian systems reach the external sur-

face and blend with a few tendon insertions.

The central ring is composed of Haversian systems of the (C) differentia-

tion which displace the internal circumferential lamellae in the outer lateral wall

and border on the medullary canal. Their lacunae and canaliculi are well

developed. The internal circumferential lamelte surround the medullary canal

excepting a small part of tlie outer lateral wall.

Type I-III, la, C.

LEFT FEMUR OF ANTHROPOPITHECUS TROGLODYTES. CHIMPANZEE. NO. 18010,

AMER. MUS. NAT. HIST.

Pl. 13, Fig. 228. Syn. Tab. VI

Antero-posterior diameter of bone, 13 mm. ; lateral, 16 mm.

Antero-posterior diameter of medullary canal, 6 mm. ; lateral, 8 mm.

The medullary canal is full. Medullary index, 30%.

Structure.—Tlie external circumferential lamellae surround the section.

This lamellar ring is widest in the autero-inner lateral wall where it constitutes

nearly the whole thickness of the wall. It is narrowest in the posterior wall.

Its lamellae have long lacunse with straight canaliculi. The ring is interrupted

by crude Haversian systems of the (la) ditTerentiation and crossed by canals.

The central ring, irregular in width, is composed of well developed Ha-

versian systems.

The internal circumferential lamellae form a narrow ring around the medul-

lary canal. Just external to this ring is a concentric row of vascular spaces.

The lacunae are long.

The bone is, however, more than half lamellae.

Type I-III, la, C.

RIGHT FEMUR OF MACACUS RHESUS. INDIAN MONKEY. R. I.

Pl. 14, Fig. 229. Syn. Tab. VI

Antero-posterior diameter of bono, 8 mm. ; lateral, 8.5 mm.

Antero-posterior diameter of medullary canal, 5 mm. ; lateral, 5.5 mm.

The medullary canal is full. Medullary index, 68%.

Strilctiire.—There are no external and internal circumferential lamellae dis-

tinct from the central ring of the bone.

A crescent of well developed Haversian systems, bordering upon the inner

wall of the medullary canal, begins in the posterior region and extends around

the inner and anterior to the outer wall, where it merges into the lamellar struc-

ture. The widest part of the crescent forms about one-third of the entire

thickness of the inner wall.
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The systems are well developed. En several places a half system borders

the medullary canal. The lacunae are long and narrow and their canaliculi are

long and branching. The Haversian systems are frequently united by short

iuter-Haversian lamells. A second crescent of Haversian sjstems borders the

medullary canal extending from the posterior prf)minence around the posterior

and outer to about the middle portion of the anterior wall. The systems of

the two crescents are the only fully developed systems present. The second

crescent is narrower than the first. Its widest part is in the posterior region

of the outer wall. The lacunae are long and narrow and the canaliculi are

straight.

The main structure of the inner, anterior, and outer wall is lamellar. It

is composed of irregularly concentric lamellae, interrupted by rudimentary Ha-

versian systems of the (lb) differentiation. This lamellar structure makes up

practically the whole bone. The lacunte are generally long, and have long,

branching, and numerous canaliculi. In some places the lacunae are curved

and quite irregular in shape. The posterior wall and ridge is composed of

Haversian systems, poorly developed. Tliey are separated by lamellis. Tlieir

outlines are not sharply defined, but a^jpear to merge into the surrounding

lamellae.

Type I-III, lb, C.

EIGHT FEMUK OF SCIURUS SP. (lAKGE RED SQUIRREL.) CR. MED. COLL.

Pl. 14, Fig. 230. Stn. Tab. VI

Antero-posterior diameter of bone, 4.5 mm.; lateral, 6 mm.

Anteroposterior diameter of the medullary canal, 3.5 mm. ; lateral, 5 mm.
The medullary canal is full. Medullary index, 18%.

Structure.—A ring of external circumferential lamelte of varying widths

surrounds the bone. Their lacunae are mostly long and narrow and their cana-

liculi are numerous, long, and branching. A central, irregulaiiy shaped ring

of complete and incomplete Haversian systems is situated under the external

lamellae. It increases in thickness around the inner, posterior, and outer wall,

and reaches the surface in the outer wall. In many places in the inner wall the

systems are composed of oval lacuna with short, bushy canaliculi arranged in

a circular manner.

Internal circumferential lamellae form an uneven, thick ring' around the

medullary canal. Their lacunae are long and narrow and their canaliculi are

long, numerous, and branching. The bone, therefore, is composed of three very

uneven and irregularly shaped rings of structural units.

Type I-III, lb, C.
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KIGHT FEMLK UK FELIS. DOMESTIC CAT. CR. MED. COLL.

Pl. 14, Fig. 231. Syx. Tab. VI

Antero-posterior diameter of bone, 7.5 mm. ; lateral, 9.5 mm.

Autero-posterior diameter of medullary eaiial, 4 mm. ; lateral, 5.5 mm.

The medullary canal is full. Medullary index, 45%.

Structure.—External circumferential lamellae form more than one-half of

the thickness of the wall of the bone. A few Haversian systems appear in the

middle portion of the lamellar ring. They are well developed and without

aiiparent signification. A short distance from the mid-line in the inner wall the

lamellar ring divides into a wide outer and a narrow inner part which encloses

a crescent shaped area of Haversian systems. About the middle of the inner

wall is quite a sharp lateral ridge. The lamellar ring is widest at this point and

narrowest in the outer wall. The lacunae are long and narrow and the cana-

liculi are thickly set, long, and branching.

The central ring is composed of well developed, large and small Haversian

systems, widest in the inner wall and narrowest in the outer wall. The systems

are generally strongly developed, and are round, elliptical, or irregular in cross-

section.

The internal circumferential lamellae are in the form of laminae. Their

lacunae are long or oval and their canaliculi are bushy. Numerous canals pass

through the laminfe on their way from the medullary canal. Four femora of

the domestic cat were examined and in each one there was a different develop-

ment, structure, and arrangement of bone units.

Type I-II-IlI, C.

LEFT FEMUR OF FELIS CATUS. WILD CAT. CR. MED. COLL.

Pl. 14, Pig. 233. Syx. Tab. VI

Antero-posterior diameter of bone, 13.5 mm. ; lateral, 11 mm.

Antero-posterior diameter of the meduUarj^ canal, 8 mm. ; lateral, 5.5 mm.

The medullary canal is full. Medullary index, 42%.

Structure.—Arownd the outside of the bone is a ring of lamellae, inter-

rupted very frequently by incomplete Haversian systems of the (lb) differ-

entiation. The ring forms a greater part of the thickness of the wall of the

bone excepting in the posterior wall, where the Haversian systems occupy the

whole width from the internal circumferential lamellae outward to the circum-

ference. Many canals traverse the ring. For the most part, all of the struc-

tural units are rather indistinct. Around the anterior and a portion of the

inner wall is a narrow rim of external lamellae. The lacunae of the lamellar

ring are long or oval and their canaliculi are long find branching or bushy.
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The central ring is incomplete, occupying the posterior, inner, and anterior

walls. It is composed of well developed Haversian systems, crossed in the

anterior wall by an extension from the external lamellae. It is wide in the

posterior wall and gradually narrows as it passes around the lateral into the

anterior wall.

Around the medullary canal is a well defined ring of internal circum-

ferential lamella;. Numerous large canals cross the ring to communicate with

canals within the center of the bone. The lacunae are long and canaliculi long

and branched.

Type I-III, lb, C.

FEMUR OF MEPHITIS MEPHITICA. SKUNK. CR. MED. COLL.

Pl. 14, Fig. 233. Syn. Tab. VI

Antero-posterior diameter of bone, 5 mm. ; lateral, 5 mm.
Antero-posterior diameter of medullaiy canal, 3.5 mm.; lateral, 4 mm.

The medullary canal is full. Medullary index, 127%.

Structure.-—The section is composed of lamellae with long lacunae and

straight and bushy canaliculi, frequently interrupted by irregularly shaped Ha-

versian systems and canals. Some of the systems are round, some oval, and

some have long, wide, straight, or curved canals. In some situations they are

concentric. As a whole, they are well developed. There is no well defined

central ring nor internal circumferential lamellae.

Type I-III, C.

FEMUR OF PUTORTUS VISON. MINK.

Pl. 14, Fig. 234. Syn. Tab. VI

Antero-posterior diameter of bone, 3.5 mm.; lateral, 4.5 ram.

Antero-posterior diameter of medullary canal, 1.5 mm.; lateral, 2 mm.

The medullary canal is full. Medullary index, 23 7^-

Structure.—The anterior wall is composed of lamelte which form its entire

thickness. The lamellae then form an irregularly shaped, complete ring around

the medullary canal. Numerous canals pass across this ring, incompletely or

completely, on their way from the medullary canal to small canals of the in-

terior. The lacunae are long and narrow and their canaliculi are long and

branching.

The Haversian systems are absent at the widest lamellar point of the an-

terior wall. They then begin to appear in single file, gradually increase in thick-

ness to the posterior wall, and diminish again as they approach the anterior

wall. In this manner they form an irregular long crescent enclosed within
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lamella\ The crescent nearly encircles the bone. The Haversian systems are

well developed, their lacuna^ are oval, and their canaliculi are relatively few.

Their canals frequently unite. In some places bands of lamelte cross the

crescent extending- from the outer to the inner lamelhe. Numerous canals

traverse the crescent. The internal circumferential lamellas form a wide, irregu-

lar ring, fusing with the external lamellas in the anterior wall. The lacunae

are long and narrow and their canaliculi are long and branching.

Type I-III, C.

LEFT FEMIIK OF CRYl'TOPROCTA FEROX. C.\T-LIKE CIVET. AMEH. MI'S. NAT. HIST.

Pl. 14, Fig. 235. Syn. Tab. VI

Antero-posterior diameter of bone, 8.5 mm.; lateral, S nun.

Antero-posterior diameter of medullary canal, 4.5 mm. ; lateral, 4.5 mm.

The medullary canal is full. Medullary index, 42%.

Structure.—The section is surrounded b}' a ring of external lamellaB of

varying widths. It is interrupted by numerous canals of the (la) differentia-

tion. The lacuna; are long and the canaliculi are straight. The ring is distinct

from the underlying central ring of Haversian systems, which are well devel-

oped. The medullary canal is surrounded by internal circumferential lamellae

of varying widths.

Type I-III, la, C.

RKiHT FKiAiri! OF HYTl'^NA CROCUTA. HYiENA. NO. .'55431, AMRR. MUS. NAT. HIST.

Pl. 14, Fi(i. 33(). Syn. T.vi;. VI

.Viitero-posterior diameter of bone, 14 mm.; lalei'al, IS nnu.

Antero-posterior diameter of medullar}^ canal, 9 mm. ; lateral, 13.5 mnu

The medullary canal is full. Medullary index, 98%.

Structure.—External lamellae form a wide ring around the section witli the

excei)tion of the outer ridge. The lamellae are crossed by canals, interrupted by

crude Plaversian systems of the (la) differentiation, and have long lacunae and

straight canaliculi.

The central ring is comjjosed of well developed Haversian systems with

some inter-Haversian lamellae. The systems form the whole of the outer ridge,

where they are separated by bone substance with many oval lacunae and bushy

canaliculi.

A narrow ring of internal circumferential lamellae surrounds the medullary

canal. The lacunae are long.

Type I-III, la, C.
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EIGHT FEMITK OF THYLACINUS CYNOCEPHALUS. TASMAXIAN WOLF

Pl. 14. Fig. 237. Syn. Tab. VI
«

Antero-posteriov diameter of bone, 19.5 mm.; lateral, 15 mm.
Antero-posterior diameter of medullary eanal, 8 mm. ; lateral, 8.5 mm.
The medullary canal is full. Medullary index, 28%.

Struct lire.—The section is surrounded by a nari-ow rins' of external lamellae,

interrupted here and there by crude Haversian systems of the (la) differen-

tiation. Underueatli this ring- is a wide horseshoe of lamellae, interrupted by

many crude Haversian sysfems of the (Ta) differentiation arranged concen-

trically. The outer wall is all lamellae.

Underneath this l>and is a central, incomplete ring of well developed Ha-

versian systems witli inter-Haversian lamellae. In the posterior wall the sys-

terns form nearly the whole of the wall. Here the oval large lacima? with

bushy canaliculi are pronounced.

Internal circumferential lamellae form a nai-row ring around the medullary

canal. Their lacunae are long.

Type I-III, la, C.

RIGHT FEMUR OF DASYPROCTA AGOUTI. NO. 15669, AMER. MUS. NAT. HIST.

Pl. J 4, Fig. 238. Syn. Tab. VI

Antero-posterior diameter of bone, 10 mm.; lateral, 8 mm.

Antero-posterior diameter of medullary canal, 6.5 mm. ; lateral. 5 mm.

The medullary canal is full. Medullary index, 93%.

Structure.—The three divisions are well marked. A wide ring of external

circumferential lamelLT, iiitcnupted by crude Haversian systems of the (la)

differentiation and crossed by canals, surrounds the section with the exception

of the posterior ridge. The lamellar ring forms more than half of the section.

The central ring is comijosed of well developed Haversian systems with inter-

Haversian lamelltt.

The systems of the central ring reach the surface al the jiosterior ridge

where they are separated by bone substance with oval lacnnje. The internal

circumferential lamellae form a narrow ring around tlie modullaiy canal. The

lacunae are long in the external and internal lamelhe; elsewheic tliey are oval.

Type I-III, la, C.

LEFT FEMUR OF LASIOPYGA CENTR.ALIS JOHNSTONI. .4FKICAN MONKEY. NO. 27705,

AMER. MUS. N.4T. HIST.

Pl. 14, Fig. 239. Syn. Tab. VI

Antero-posterior diameter of bone, 9 mm. ; lateral, 8 mm.

Antero-posterior diameter of medullary canal, 5.5 mm. ; lateral, 5 mm.

9
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Tlio iiiednllavy cnnal is full. Medullary index, 62%.

Stnictiire.—Tiie seftion has three divisious. A wide riu^ of external cir-

cumferential lauielliv, interrupted by Haversian systems of the (la) differen-

tiation, surrounds the bone. In the posterior wall it is interrupted by irregu-

larly shaped Haversian systems. Canals cross the ring at various intervals.

The lacuna' are long and narrow and the canalicnli are straight.

The central ring is very narrow and composed of a few well developed

Haversian systems with inter-Haversian lamella?.

The interna! circumferential lamella^ foi-m a narrow ring around the medul-

lary canal.

Type I-III, la, C.

EIGHT FEMUR OF FELIS CANADENSIS. CANADA LYNX. CR. MED. COLL.

I'l. IT), F[(!. 240. Syn. Tab. YI

Anteroposterior diameter of bone, 13 mm.; lateral, 12 mm.

Antero-posteridv diaiiieter of medullary canal, 9.5 mm.; lateral, i) mm.

The medullary canal is full. Medullary index, 121%.

Structure.—The usual three structural rings are distinct. The external

circumferential lamellae form a wide ring around the section excepting at the

ridges of the inner and posterior wall where they are deficient. They are inter-

rupted by small, crude Haversian systems of the (la) differentiation; while in

the posterior wall much better developed systems form an important part of

the whole lamellar ring.

The central ring is composed of well developed Haversian systems with

very little inter-Ha\ersian structure. At the ridges the systems break through

the external circumferential lamellje and form the external surface of the bone

at these points.

The internal circumferential lamellae form a narrow ring around the medul-

lary canal excepting a small portion of the posterior and inner wall. The

lacuna^ in all parts are well developed.

TjTje I-III, la, C.

RIGHT FEMUR OF LASIOPYGA SP. AFRICAN MONKEY.

NO. 163283, I'. S. N.\T. MUS.

Vh. lo, Fig. 2il. 8yx. Tab. VI

Antero-posterior diameter of bone, 5.5 mm. ; lateral, 5 mm.

Antero-posterior diameter of medullary canal, 3 mm. ; lateral, 2.5 mm.

The medullary canal is full. Medullary index, 38%.

Structure.—External circumferential lamellae of varying widths surround

the bone. In the anterior and inner wall they form two-thirds of the thickness
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of the section and in the posterior and outer wall about one-fourth of the entire

thickness. They are frequently interrupted by crude Haversian systems of the

(la) differentiation and crossed at various angles by short canals. Their lacunar

and canaliculi are well developed. The central ring is composed of well de-

veloped Haversian systems and lamella? with systems of the (la) diiferentiation.

The ring is widest in the outer lateral wall.

In the lamellar portion of the ring are one or two concentric rows of

small Haversian canals which gradually change into the more completely

developed Haversian systems of the outer wall. The internal circumferential

lamellfE surround the medullary canal excepting in the outer wall. The lamellar

and Haversian portions of the section are about equal.

Type I-IIT, la, C.

EIGHT FEMUR OF MIDAS EUFONIGER. SOUTH AMERICAN MOXKEV (uPPER AMAZONj.

NO. 14.548, V. S. NAT. MUS.

Pl. 15, Fig. 242. Syn. Tab. VI

Antero-posterior diameter of bone, 4.5 mm.; lateral, 4 mm.

Antero-posterior diameter of medullary canal, 3 mm.; lateral, 2.5 mm.
The medullary canal is full. iModnllary index, 74%.

Structure.—The three structural rings are distinctly marked. The external

circumferential lamella form a thick enclosing ring of one-third to one-half the

thickness of the wall of the bone. The lamelte of the inner wall are very fre-

(juently dotted with small, clear, round spaces which are not present in the

outer wall. The lacuiife are well developed.

The central ring is composed of rather irregularly shaped but well de

veloped Haversian systems, separated by inter-Haversian lamelte. They are

frequently united by canals. Tlie internal circumferential lamelhc form a nar-

row ring around tJie medullary canal, excepting in the outer wall where they

are deficient.

Type I-III, la, C.

LEFT FEMUR OF LEMUR. NO. 84383, IT. S. NAT. MUS.

Pl. 15, Fig. 243. Syn. Tab. VI

Antero-posterior diameter of bone, 10 mm. ; lateral, 8.5 mm.

Antero-posterior diameter of medullary canal, 5.5 mm. ; lateral, 4.5 mm.

The medullary canal is full. Medullary index, 41%.

Structure.—The section is surrounded by a lamellar ring which is widest

in the anterior and posterior wall. Tn the inner wall it is divided into laminae,

and frequently interrupted by canals and very crude Haversian systems of the

(la) differentiation. The lacuna^ are generally well developed. The central
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ring, of varying widtlis, is composed of fairly well developed Haversian sys-

tems, small, large, and irregular in shape, and frequently united by canals.

Their lacuna; are well developed. In the anterior wall the ring is divided into

two nearly equal parts by a narrow, crescent-shaped lamina, the horns of which

begin about the middle of the lateral walls. The internal circumferential la-

mellae surround llie medullary canal. It is widest in the inner wall and well

developed.

Type I-III, la, C.

EIGHT FEMUR OF LEMUR CATTA. KING-TAILED LEMUK. U. S. NAT. MUS.

Pl. 15, Fig. 244. Stn. Tab. VI

Antero-posterior diameter of bone, 8.5 mm.; lateral, 7 mm.

Anteroposterior diameter of medullary canal, 7 mm. ; lateral, 4.5 mm.

The medullary canal is full. Medullary index, 122%.

Structure.—The section is surrounded by a heavy, dark ring of varying

widths composed of meshed bone work. The meshes are irregular in shape and

size. The ring is narrowest in the outer wall, widest in the inner and antero-

lateral, and of intermediate thickness in other situations. The meshes are

filled with dense material which adheres to the mesh walls even in extremely

tliin places. The mesh walls are extensions of the external circumferential

lamellsB.

Underneath this ring is a wide lamellar ring, interrupted by cross and

longitudinal canals and crude Haversian systems of the (la) and (lb) dift'eren-

tiations. In the posterior wall the ring is wide and coarsely lamellar and fre-

([uently interrupted by large, irregular spaces. Underneath this is an irregu-

larly shaped ring of fairly well developed Haversian systems with numerous

spaces. The internal circumferential lamella' surround 1lio lucdullar}- canal.

It is widest in the anterior and lateral walls.

Type I-III, la, lb, C.

LEFT FEMUR OF ATELES. SPIDER-MONKEY. (tEHUANTEPEC. ) NO. 11842,

U. S. NAT. MUS.

Pl. 15, Fig. 345. SyxM. Tab. VI

Antero-posterior tliameter of bone, 12.5 mm.; lateral, 10.5 mm.

Antero-posterior diameter of medullary canal, 7 mm.; lateral, 5.5 mm.

The medullary canal is full. Medullary index, 42%.

Structure.—The external circumferential lamellae form a wide ring sur-

rounding the section, excepting a small portion of the inner wall. The lamellaj

are frequently interrupted bj^ Haversian canals of the (la) differentiation and

small Haversian systems. The ring is widest in the posterior wall. The cen-
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tral ring is composed of well developed Haversiau systems witli some inter-

Haversian lamellfe. The systems displace the external circnmferential lamella?

in the anterior portion of the inner wall where they fonn the external boundary

of the bone.

The internal circumferential lamellfe surround the medullary canal. They

are most prominent in the imiov wall. The lacuna? of the three rings are well

developed.

Type I-III, la, C.

RIGHT FEMUR OF CALLICEBUS TOBQUATUS. SQUIRREL-MONKEY. NO. 105539,

U. S. NAT. MUS.

Pl. ]5, Fig. 346. Syn. Tab. VI

Antero-posterior diameter of bone, 5.5 mm. ; lateral, 5 mm.

Antero-posterior diameter of medullary canal, 4 mm.; lateral, 3.5 mm.

The medullary canal is full. Medullary index, 104%.

Structure.—The anterior and outer half of the section is surrounded by a

wide band of external circumferential lamellse, interrupted by Haversian canals

of the (la) dift'erentiation, underneath which is a narrow half ring of Haversian

systems bordering upon the medullary canal. The lacuna^ of the lamellae and

Haversian systems are oval and long and the canalieuli are generally long and

straight.

The posterior and inner half of the section is composed of irregularly

shaped Haversian systems fonning the whole thickness of the posterior and

inner wall. The external and internal circumferential lamellse are not distinct

from the remaining structure.

Type I-III, la, C.

LEFT FEMUR OF GENETTA. GENET. NO. 163294, U. S. NAT. MUS.

Pl. 15, Fig. 247. Syn. Tab. VI

' Antero-posterior diameter of bone, 9 mm.; lateral, 7 nun.

Antero-posterior diameter of medullary canal, 6.5 mm.; lateral, 5 mm.

The medullary canal is full. Medullary index, 107%.

Structure.—A ring of external circumferential laiuella' of varying widths

surrounds the section. Tn the anterior wall it forms nearly the whole thickness;

it then becomes narrow in the outer wall, remains about the same width in the

posterior wall, and again widens in the inner anterior wall. It is interi'upted

by crude Haversian systems of the (la) differentiation in the anterior, inner,

and posterior wall. The lacunae are oval and long, and the canalieuli are long

and straight. Underneath the lamellar ring is an irregular ring of Haversian

systems well developed. The ring is widest in the lateral and posterior wall.

The systems are irregular in shape in the outer wall. Their lacuna* are oval
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and the canaliculi are straight. An incomplete rina- of internal circumferential

lamellae surrounds the medullary canal.

Type I-III, la, C.

LEFT FEMtTK OF PEDETES. JUMPING HARE. U. S. NAT. MUS.

Pl. 15, Fig. 348. Syn. Tab. VI

Antero-posterior diameter of bone, 10.9 mm. ; lateral, 9 mm.

Antero-posterior diameter of medullary canal, 7.5 mm.; lateral, 6 mm.

The medullary canal is full. Medullary index, 85%.

Structure.-—The bone is surrounded by a lamellar ring of varying widths.

The lamellae are frequently interrupted by small, crude Haversian systems

of the (la) differentiation and crossed by a few canals. The lacunae are oval

and narrow and the canaliculi are bushy and straight. Underneath the lamellae

is an irregular ring of Haversian systems separated by lamellae and canals.

The systems are fairly well developed. In tlie inner wall the systems are inter-

rupted by a few laminae. The internal circumferential lamellae form a ring of

varying widths around the medullary canal. Tlieir lacimse are narrow and the

canaliculi are straight.

Type I-III, la, C.

RIGHT FEMUR OF BRADYPUS TRIDACTVLUS. THREE-TOED SLOTH. NO. 16871,

AMER. MUS. NAT. HIST.

Pl. 15, Fig. 249. Syn. Tab. VI

Antero-posterior diameter of bone, 8.5 mm.; lateral, 13 mm.

Antero-posterior diameter of medullary canal, 3 mm.; lateral, 4 mm.

The medullary canal is full. Medullary index, 12%.

Structure.—The section has three divisions. The external circumferential

lamellae form a wide rim around the bone. It is crossed radially by numerous

canals and interrupted frequently by normal and senile Haversian systems and

by Haversian canals of the (la) differentiation. The band of lamelte consti-

tutes half of the wall. The lacunae are oval and long and the canaliculi are

straight.

The central ring is composed of complete and senile Haversian systems.

Various stages and degrees of senility are found. Some systems are entirely

gone; some occur in narrow rings; some show precipitation of inorganic ma-

terial around the Haversian canal ; and some show the whole systems involved

but still in position. Their lacunfe are long and oval. The internal circum-

ferential lamellae assume a cancellous form around the medullary canal. Tlieir

lacunae are long and the canaliculi are straight.
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The bone exhibits a mueh greater lamellar structure thau the femur of

the two-toed sloth. It is quite different in shape. Senility is marked.

Type I-III, la, C, senile.

EIGHT FEMUR OF CASTOR CANADENSIS. BEAVER. NO. 10005, U. S. NAT. MUS.

Pl. 16, Fig. 250. Syn. Tab. VI

Antero-posterior diameter of bone, 25 mm.; lateral, 11 mm.
Antero-posterior diameter of medullary canal, 6 mm. ; lateral, 4 mm.
The medullary canal is full. Medullary index, 10%.

Structure.—The section has a long posterior ridge, which accounts for the

long antero-posterior and short lateral measurements. The section is sur-

rounded by a lamellar and laminar band of varying widths, interrupted by

Haversian canals of the (la) differentiation and crossed liy frequent vascular

canals. The lacunae are oval and long and the canaliculi are straight.

Underneath the lamella; is a narrow band of irregular Haversian systems.

The systems are large and small, but very well developed. They are quite

irregular in shape. Their canals frequently unite. The central part of the

ridge is composed of large Haversian systems, poorly developed and united by

vascular canals. The internal circumferential lamellae assume the form of can-

cellous bone around the medullary canal.

Type I-II-III, la, lb, C.

LEFT FEMUR OF FELIS. LEOPARD. NO. 35349, AMER. MUS. NAT. HIST.

Pl. 16, Pig. 251. Syn. Tab. VI

Antero-posterior diameter of bone, 18 mm.; lateral, 17 mm.

Antero-posterior diameter of medullary canal, 10 mm.; lateral, 9 mm.

The medullary canal is full. Medullary index, 37%.

Structure.—The section has three divisions. A wide band of lamellae and

Haversian systems surrounds the bone. It is widest in the inner wall. The

systems are numerous and do not appear to have any definite plan of arrange-

ment. The lacuniE are long and the canaliculi are straight. The central ring,

irregular in width, is composed of well developed HaN'ersian systems with little

inter-Haversian lamellfe. The internal circumferential lamelhE form a frag-

mentary ring around tlie medulhii-y canal. Many spaces (icciir which a|>p('ar to

be the result of the disappcai'ancc of Haversian systems. Senile cliaiiges are

frequent.

Type I-III, C, senile.
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LEFT FEMUR OF BOS. DOMESTIC OX. CR. MED. COLL.

Pl. 16, Fig. 252. Syn. Tab. VI

Antero-posterior diameter of bone, 44 mm. ; lateral, 39 mm.

Antero-posterior diameter of medullary canal, 23 mm. ; lateral, 21 mm.

The medullary canal is full. Medullary index, 4:0%.

Structure.—The bone is composed of three wide concentric rings with

irregular boundaries, separated by canals containing chains of black laeunar-

like bodies with connecting and very irregular canalicular extensions. In thin

sections there appear to be no uniting structures in the canals of sufficient

importance to hold the rings together.

The canals have an undulating course and communicate with other canals

of the rings.

Extenuil or first ring: This ring is composed of concentric laminje divided

into short lengths. Occasionally a few Haversian systems interrupt the lamina.

In the anterior wall the lamiufe are transformed into irregular Haversian sys-

tems which have their best development in the middle jjortion of tiie walls. The

laminae have long or oval lacuna and branching or bushy canaliculi. Some

lamina are solid; some have central canals; and some show these canals en-

larged at intervals with the lamelhe bending around the enlargements, forming

aberrant Haversian systems.

Middle or second ring: The borders of the separating canals are composed

of clear lamella^ with no visible canaliculi. The second ring is composed of

shorl and long lamina; arranged vertically to the outer ring, especially in the

inner wall. Along the outer border of the separating canal the lamina is con-

centric. As it approaches the anterior projecting wall it merges into the

irregular Haversian systems of that region. In the outer wall the laminae are

much more concentric. The lamina; of this ring are folded around canalicular

expansions into elliptical or elongated angular Haversian systems. As they

af)proach the third ring they are more circular. Their lacuuix; and canaliculi

are like those of tlie outer ring.

Internal or tlurd ring: This is composed of vertical and concentric lamiuffi

of an Haversian system character intermixed. There are more systems in the

poslei-ior wall, and it is here that Ihey are Ijest developed. The lamiiUB of this

ring run in various dii-ci-tiuiis and foiiu cinnplex arrangements of stnictni-al

units. The aiitcrioi- wall ol' the l)one is composed of irregularly shaped, large,

crude Haversian systems united by short lainelhe. Around the medullary canal

is an irregular ring of internal circmnferential lamella' having long, narrow

lacuna} with branching canaliculi.

Type II-III, C.
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LEFT FEMUR OF EQUUS CABALLUS. DOMESTIC HORSE. CR. MED. COLL.

Pl. 16, Fig. 253. Syn. Tab. V

I

Antero-posterior diameter of bone, 57.5 mm.; lateral, 41.5 mm.
Antero-posterior diameter of medullary canal, 32 mm. ; lateral, 22.5 mm.
The medullary canal is full. Medullary index, 43%.

Structure.—The section is composed of rings of well developed Haversian

systems alternating with lamina". It has more Haversian systems than laminae.

The external circumferential lamellfe are fragmentary. The Haversian sys-

tems reach the external boundary, and in some places half-systems are present

with their Haversian canals directly underneath the periosteum. The Ha-

versian systems vary in diameter and are well developed. Their lacunae are

long and their canaliculi are long and branching. Commencing in the outer

posterior region a few lamiuip appear, which increase in number as they ap-

proach the posterior wall. The lamina^ are well developed and are separated

by Haversian systems. Internal circumferential lamelhi? form a narrow ring

around the medullary canal and become canceHous in the posterior wall.

Type II-III, C.

EIGHT FEMUR OF OVIS. DOMESTIC SHEEP. CR. MED. COLL.

PL. 16, Fig. 354. Syn. Tab. VI

Antero-posterior diameter of bone, 18 mm.; lateral, 14 mm.

Antero-posterior diameter of medullary canal, 10.7 mm.; lateral, 7 mm.

The medullary canal is full. Medullary index, 44%.

Structure.—External circumferential lamina? surround the section. The

lacunae are long and narrow with long, brandling canaliculi. Between the

external laminae and internal circumferential lamellae are small and large Ha-

versian systems, arranged in the form of a crescent and situated in the outer,

posterior, and inner lateral wall. The thickest portion of the crescent is in

the outer wall. The systems are, for the most part, small, close together, and

their Haversian canals frequently unite. They have few lacunae and few bushy

canaliculi. The inner wall of the bone is composed almost entirely of laminae,

there being a few Haversian systems close to the internal circumferential la-

mella'. The laminae are separated by wide canals which frequently cross and

unite with otiier canals. Kach lamina is composed of laniciln' willi oval lacuna}

and bushy canaliculi. The innei- wall of the bone has (ihiiiiiic lainiiue. Internal

circumferential lamellae surround the medullary canal.

Type II-III, C.
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EIGHT FEMUR OF BISON AMERICANUS. BISON. NO. 22914, AMER. MUS. NAT. HIST.

Pl. 16, Fig. 255. Syn. Tab. VI

Antero-posterior diameter of bone, 56 mm. ; lateral, 46 mm.
Antero-posterior diameter of medullary canal, 39 mm. ; lateral, 33 mm.
The medullary canal is full. Medullary index, 100%.

Structure.—The bone is chiefly composed of laminae. There are two aggre-

gations of Haversian systems, one in the posterior ridge and the other in the

angle of the inner wall. They are fairly well developed and occupy nearly the

whole thickness of the wall. Their lacunae are oval. The remainder of the

section is composed of laminae, interrupted by small Haversian systems. The

lacunae are oval and the canaliculi are straight.

Type II-III, C.

RIGHT FEMUR OF A MULE. NO. 227, CR. MED. COLL.

Pl. 16, Fig. 256. Syn. Tab. VI

Antero-posterior diameter of bone, 60 mm. ; lateral, 55 mm.

Antero-posterior diameter of medullary canal, 47 mm. ; lateral, 45 mm.

The medullary canal is full. Medullary index, 179%.

Structure.—The section shows a posterior and outer ridge. The posterior

ridge is composed of small Haversian systems and inter-Haversian lamellai

witli oval lacunae and bushy canaliculi. Many spaces occur and the laminae

are crossed by numerous short canals. The outer ridge consists of Haversian

systems and laminae and shows a large number of spaces. Between these two

ridges the wall is composed of Haversian systems and laminae. The remainder

of the section is composed of laminte, interrupted by Haversian systems and

crossed by canals. Half of the anterior and inner walls is composed of laminae

perforated with spaces. The spaces have no walls but those of adjoining la-

minaj. They appear to be the result of senile clianges. Tlie bone is tliiu and

fragile.

Type II-III, C, senile.

LEFT FEMUR OF A MULE. NO. 229, CE. MED. COLL.

Pl. 16, Fig. 267. Syn. Tab. VI

Antero-posterior diameter of bono, 68 mm. ; lateral, 50 mm.

Antero-posterior diameter of iiicdullary canal, 40 iiiiii.; latci-al, ,'57 iiiiii.

The medullary canal is full. Mednlhiry index, 77%.

Structure.—The section has three ridges, a posterior ridge and one on

either side of the anterior wall. The jjosterior ridge is composed of short

lamellae with branching canals, having a direction toward the point of the ridge.
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Between the lamelte are some Haversiau systems. The lacunai are oval aud the

canalieuli are straight. Tlie anterior and inner ridges are composed of a few

crude Haversian systems, laminse, and branching canals. The anterior and

outer ridges have many more Haversian systems and relatively fewer canals

than the inner ridge. Between the three ridges the walls are (•()ni])osed of

laminje, interrupted by a few Haversian systems. The laminfe are frequently

crossed by canals. Some cancellous bone appears on the medullary surfaces

of the anterior and posterior walls.

Type II-III, C.

LEFT FEMUR OF A MULE. NO. 235, CR. MED. COLL.

Pl. 16, Fig. 258. Stk. Tab. VI

Antero-posterior diameter of bone, 65 mm. ; lateral, 51 mm.
Antero-posterior diameter of medullary canal, 38 mm. ; lateral, 40 mm.

The medullary canal is full. Medullary index, 85%.

Structure.—The posterior wall is over half cancellous. The posterior ridge

is composed of Haversiau systems, inter-Haversian lamella} with oval lacunae

and many branching canals, having a direction toward the external surface of

tlie ridge. The remaining wall is composed of laminae, interrupted by Ha-

versian systems and crossed by numerous canals. In the outer wall near the

mid-line is a collection of Haversian systems forming a slight ridge. Around

the medullary canal in the anterior and lateral walls there are many spaces

of irregular shape which appear to be the result of senile changes. The lacunae

are generally oval.

Type II-III, C, senile.

LEFT FEMUR OF A MULE. NO. 236, CR. MED. COLL.

Pl. 16, Pig. 359. Stn. Tab. VI

Antero-posterior diameter of bone, 61 mm. ; lateral, 50 mm.

Antero-posterior diameter of medullary canal, 40 mm. ; lateral, 38 mm.

The medullary canal is full. Medullary index, 100%.

Structure.—The posterior ridge is composed of Haversian systems aud

inter-Haversian lamellae with oval lacuna. There are many short, branching

canals having a direction toward the external surface. About one-third of the

medullary portion of the wall is cancellous bone. The inner and anterior wall

is composed of laminae, interrupted by many Ha\-ersian systems. The systems

are more numerous around the medullary canal. Many cross canals appear

between the systems and extend across the lamina;. The anterior lialf of the

outer wall is nearly all laminae wliich are interrupted by Haversian systems.

The posterior half is composed of irregular elongated Haversian systems and
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of lamiiia\ The femur of the mule differs from tlie horse in its predominating

proportion of lamina^ and in the frequent senile changes present in its scattering

Haversian systems. The difference between the horse and the mule is found in

the jackass.

Type II-III, C.

LEFT FEMUK OF ELEPHAS INDICUS. ASIATIC ELEPHANT. AMER. MUS. NAT. HIST.

Pl. n. Fig. 200. Syn. Tab. VII

Antero-posterior diameter of bone, 121 mm.; lateral, 77 mm.

Antero-po.sterior diameter of medullary canal, nO mm.; lateral, .'^S mm.

The medullary canal is full. Medullary index, 25%.

Struchire.—The section is composed of lamella", laminse, and Haversian

systems, the laminae predominating. The posterior ridge is composed of Ha-

versian systems with inter-Haversian lamellae. Beginning in the inner side of

the ridge and extending around the external sui'face of the posterior inner wall

is a wide band of lamellse, frequently interrupted by Haversian systems. The

lamella? soon separate into lamina? as they extend around the section. The

lamina', frequently interrupted by Haversian systems and crossed by canals,

complete the circumference of the bone to the posterior ridge. In the anterior

wall they constitute two-thirds, in the inner wall one-third, and in the outer

and posterior wall over lialf the width of the wall. As they approach the ridge

they shorten and widen into elongated Haversian systems. Thus a wide horse-

shoe of lamellse and lamina surrounds the bone. In the anterior wall the toe

of this shoe is very narrow, having been displaced by Haversian systems. The

lacunae and canaliculi are well developed. Underneath the laminar shoe is an

irregularly shaped central ring of well developed Haversian systems witli some

senile changes around the medullary canal. The lacuna? are well developed.-

Around the medullary canal is an enclosing ring of lamella in the form of

cancellous bone.

The bone is over half laminae and lamella, and exhibits a different type of

structure from that seen in the African elephant.

Type Il-III, C, senile.

RIGHT KEMli: iiV HIPPOPOl'AMrS AMPniBX'S. HIPPOPOTAM T'S

I'l,. K. Fi(i. 2(>1. Sy\. Tap.. VII

Autero-posterior diameter of bone, 7U mm.; lateral, 7U mm.

Antero-posterior iliameter of medullary canal, 26 mm.; lateral, 30 mm.
The medullary canal is full. ^lediillary index, 19%.

Structure.—Beginning on the outer side of the posterit)r ridge and extend

ing around the hone to the inner wall is a wide l>and of ]amina\ interrupted by
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Haversiaii systems of the (la) and (C) differentiations. The lamina;, separated

and crossed by canals, form nearly the whole width of the outer, about one-

third of the anterior, and terminate somewhat abruptly at the junction of the

anterior and inner wall. The Lneun* are oval and the canaliculi are straight.

Underneath the laminar band is a central, irregularly shaped ring of Ha-

versian systems, very narrow in the outer, wider in the anterior, and forming

the whole of the inner and posterior wall. The systems are united by cross

canals and exhibit some senile changes. Their lacunai are oval and the cana-

liculi are straight.

Around the medullary canal is a cancellous ring of lamelhe. The bone is

composed of about ecjual parts of Haversian systems and lamina. The bone is

unusually hard.

Type II-III, la, C.

LEFT FEMUR OF GIRAFFA CAMELOl'ARDALIS. GIRAFFE. NO. 27752, AMER. MUS. NAT. HIST.

Pl. 17, Fig. 263. Syn. Tab. VII

Antero-posterior diameter of bone, 72 mm.; lateral, 59 mm.
Antero-posterior diameter of medullary canal, 35 mm. ; lateral, 30 mm.
The medullary canal is full. Medullary index, 33%.

Struct lire.—Beginning in the outer wall, close to the posterior ridge and

extending around the section to about the middle of the inner wall, is a wide

band of lamina^, interrupted frequently by Haversiaii systems. The band foiTus

the external half of the posterior, all of the outer, and two-thirds of the anterior

and inner wall. The lamiiifE are separated and crossed by canals. Their lacunar

are well developed.

The whole jjostcrior, inner lateral, and medullary portions of the anterior

and posterior lateral wall are conii)osed of Haversian systems with the ext^ep-

tion of the internal circumferential lamelte. The systems vary somewhat in

size and are well developed. In the posterior wall they are separated by aggre-

gations of oval lacunae closely packed together.

Internal circumferential lamellfe with long lacuiui? and straight canaliculi,

widest in the outer wall, surround the medullary canal.

Type II-III, C.

LEFT FEMUR OF RHINOCEROS BICORNIS. RHINOCEROS. NO. 27757,

AMER. MUS. NAT. HIST.

Pl. 17, Fig. 263. Syn. Tab. VII

Antero-posterior diameter of bone, 47.5 mm.; lateral, 1.30 mm.

Antero-posterior diameter of medullary canal, 14 mm.; lateral, 23 mm.

The medullary canal is full. Medullary index, 55%.
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Structure.—The bone is extended laterally and outwardly by a very prom-

inent, wide, curved process, occupying the middle portion of the femur. Only

a few femora have such a process. For convenience in description the section

may be divided into a body containing the medullary canal and adjoining middle

portion and a curved cancellous process.

The body is composed of Haversian systems whicli form the entire inner

wall and of Haversian systems and laminae which form the anterior and poster-

ior wall. The systems vary in size, communicate by cross canals, and have oval

lacunae with straight canaliculi. Around the medullary region they show senile

changes and greater irregularity. Laminte begin to appear in the anterior

and posterior wall and rapidly displace the systems as they reach the middle

portion. The middle ])(>rti(in is comi)ose(l of long lamina; separated by wide

canals. In the center, crude Haversian systems and sliort laminsB are found.

The canals communicate with the medullary canal and with the cancellous

spaces of the curved process. The lacuujE are oval and tlie canaliculi are bushy.

The curved process is composed of narrow, bordering lamellae with small Ha-

versian systems, enclosing a wide central portion of cancellous bone, the spaces

of which are relatively large. The spaces communicate with the long canals of

the middle portion and also with the medullary canal. Internal circumferential

lamellae form an irregularly shaped ring around the medullary canal. Their

lacunae are oval. The bone exhibits predominating lamina? and Haversian sys-

tems with oval lacunas and bushy and straight canaliculi. Haversian systems

are found only in the inner half of the body.

Type II-III, C, senile.

Kron-i' I'KMrR of equus burchelli granti. zebra, no. 27749, amer. mus. nat. hist.

Pl. 17, Fig. 264. Syn. Tab. VII

Antero-posterior diameter of bone, 43 mm. ; lateral, 37 mm.
Antero-posterior diameter of medullary canal, 20 mm.; lateral, 22 mm.
The medullary canal is full. Medullary index, 38%.

Structure.—Three divisions are present. External circumferential lamella;,

frequently interrupted by Haversian systems, extend from the lateral bound-

aries of the posterior wall around the section. The lacuuEe are oval and long.

The systems are well developed.

The central ring is composed of a wide, horseshoe-shaped band of laminae,

interrupted in tlie anterior wall by groups of well developed Haversian systems.

The lacunas are oval and long and the canalii'uli are straight.

The internal circumferential lamellfB form an enclosing ring around the

medullary canal. In the anterior and posterior wall it takes the form of can-

cellous bone. The lacunae are oval and long.
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The posterior wall is composed entirely of Haversian systems of the (C)

dift'erentiation.

Type II-IIl, C.

LEFT FEMUR OF URSUS MARITIMUS. TOLAR BEAR. NO. 35085, AMER. MUS. NAT. HIST.

Pl. 17, Fi(i. 2f)5. Syn. Tab. AMI

Antero-posterior diameter of bone, 31 mm.; lateral, 38 mm.

Antero-posterior diameter of mednllary canal, 18 nnn.; hiteral, 22 nmi.

The medullary canal is full. IMeduUary index, 51%.

Structure.—The section has a rather x)eculiar shape. With the exception

of the posterior ridge it is surroun<led by lamina^, which, in the anterior wall,

merge into lamellae and are interrupted by Haversian systems. The central ring

is composed of concentric rows of well developed Haversian systems alternat-

ing with laminae, excepting in the posterior ridge which is all Haversian systems.

Internal circumferential lamellae form a narrow ring around the medullar}

canal. The bone is nu)re highly differentiated than the femur of the black bear.

Type II-III, C.

RIGHT FEMUR OF BUBALIS JACKSONI. HARTEBEEST. NO. 37815, AMER. MUS. NAT. HIST.

Pl. 17, Fig. 266. Syn. Tab. VII

Antero-posterior diameter of bone, 32.5 mm.; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 16 mm.

The medullary canal is full. Medullary index, 39%.

Structure.—The section is composed mostly of laminae. Around the bone

is a wide horseshoe band of laminae, interrupted bv Haversian systems. The

band forms the whole of the outer and anterior walls. Underneath the baud in

the inner wall is a narrow crescent of well developed Haversian systems. The

posterior wall is composed of Haversian systems and short laminae, between

which are several vascular canals. A narrow ring of internal circumferential

lamellae, slightly wider in the inner wall, surrounds the medullary canal. The

lacunjp are long and oval.

T.ype II-III, C.

LEFT FEMUR OF PHACOCHCERUS AFRICANUS. WARTHOG. NO. 27762,

AMER. MUS. NAT. HIST.

Pl. 17, Fig. 267. Syn. Tab. Vll

Antero-posterior diameter of bone, 24 mm. ; lateral, 20.5 mm.

Antero-posterior diameter of medullary canal, 14 mm. ; lateral, 12 mm.

The medullarv canal is full. Medullary index, 52%.
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Structure.—A wide horseshoe band of lamina" snrronnds the bone with the

exception of the posterior ridge. The inner and outer portions of tlie posterior

wall are composed entirely of lamina?. The anterior and lateral walls are about

one half lamina?. The laminae are long and short, have oval lacuna' and bushy

canaliculi. The central ring is incomplete. It is composed of a crescent of well

developed Haversian systems in the anterior and hileral wall. The systems are

separated by short, oblique lamella?. The posterior ridge is composed of Haver-

sian systems of the (lb) difCerentiation, between which hnnellie with oval lacuna^

are prominent.

Tlie internal circumferential lamellae are fragmentary. The bone shows

differentiation of structure in its lamina^ and systems.

TyiJc IT-HI, lb, C.

LEFT FEMTTR OF FELIS CONCOLOR. PANTHER. NO. 1492, AMER. MI'S. NAT. HIST.

Pl. is. Fig. 3(iS. Svx. Tail VII

.\_nter()-])os1eri(ir (liainctci' ot Ixmc, 1(1 luiii.; lateral, 19 nun.

Antero-postcrinr diameter of niedulhii-y canal, 11 nnn. ; lateral, ll! unn.

The medullary canal is full. Medullary index, "(!%.

Structure.—The external circumferential lamella^ appear only in the pos-

terior and in the inner lateral wall. The central ring constitutes the ])rincipal

part of the section. In tlie inner anti'vior wall the I'ing is divided into two equal

portions by a nari'ow conccnti'ic lamina. "^Flie I'ing is composed of well de-

veloped Ha\ersian systems. '^I'lic inlciiial circuniferential lamellae form a I'ing

of varying widths around tlie nicthillar\ canal. It is widest in the outer wall.

Tyi)e T-II-III. ('.

LEFT FEMUR OF GULO LUSCUS. WOLVERENE. NO. 22884, AMER. MUS. N.\T. HIST.

Pl. 18. Fig. 209. 8yx. Tab. VI F

Antero-posterioi- diameter of bone, 10 nun.; lateral, 11..") mm.

Antero-posterior diameter of medullary canal, 5.5 mm. ; lateral, 6 jnm.

The medullary canal is full. Medullary index, 31' (.

Structure.—A wide ring of lamella' and crude lamina; interrupted by Ha-

versian systems surrounds the section with the exception of a small portion of

the outer wall. It is fre(iucntl> crosseil hy canals. The lacume are long and

tlie canaliculi ai-e straight.

The central ring is sonicwiiat incomplete and composed of well developed

Haversian systems. It reaches the surface in the outer wall. A ring of lamina'

interrupted by a few Haversian systems surrounds the medullary canal.

Type I-II-III, C.
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LEFT FEMUR OF ERIGNATIIUH BARBATUS. SEAL. NO. 19347, AMER. MUS. NAT. HIST.

Pl. 18, Fig. 270. Syn. Tab. VII

Antero-posterior diameter of bone, ID.o mm. ; lateral', 39 mm.
Antero-posterior diameter of medullary eanal, 10 mm.; lateral, "Jo mm.

The medullary canal is full. Medullary index, 50^.

Structure.—Three divisions are present. The external circumferential la-

mellje form a narrow enclosing ring. The lacuna? are oval.

The central ring is composed of well developed Haversian systems, short

laminae, and lamellae with cross canals intermixed. It shows no plan of arrange-

ment, but a confusing mixture of units. The lacunas are oval and long and the

canaliculi are straight. The ring constitutes nearly all of the section. The

internal circumferential lamellae form an incomplete ring around the medullary

canal. In the lateral walls the lamellae take the cancellous form. The })lanless

arrangement of its three units is somewhat significant.

Type II-III, C.

LEFT FEMUR OP BOS BUBALIS. WATER BUFFALO. NO. 27770, AMER. MUS. NAT. HIST.

Pl. 18. Fig. 371. .Syx. Tab. VII

Antero-posterior diameter of bone, 48 mm.; lateral, 45 mm.

Antero-posterior diameter of medullary canal, 24 mm.; lateral, 25 mm.

The medullary canal is full. Medullary index, oS'/c.

Structure.—Beginning on the inner side of the posterior and extending

around the inner, anterior, and a portion of the outer wall is a wide band of

laminiP, short and long, crossed by a great number of branching canals and

interrupted in the anterior and outer wall by a few Haversian systems. Under-

neath this band in the inner and anterior wall is a crescent of Havesian sys-

tems and lamellae with oval lacuna? and bushy canaliculi. The crescent is crossed

by numerous canals. The outer wall is composed of Haversian systems and

short laminae and the posterior wall of Haversian systems and intei'-Haversian

lamellffi witli oval lacuna^ and bushy canaliculi. The medullary canal is sur-

rounded by a narrow ring of internal circumferential lamella'.

Type II-III, lb, C.

left femur of ovis montana. moltntain sheep. cr. med. coll.

Pl. is. Fig. 272. Syx. Tab. \'II

Antero-posterior diameter of bone, 20 mm.; lateral. 2.") muL

Antero-posterior diameter of medullary canal, 12.."3 imn.; lateral, 1.") muL

The medullary canal is full. Medullary index, 607c.

Structure.—The bone is composed of short concentric laminae enclosing the

medullary canal, with the exception of the crescent of Haversian systems in

10
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the anterior and an area of Haversian systems in the Posterior wall. A single

concentric lamina divides tlie section into two ])arts. P^ach lamina is composed

of a few lamellpe with well developed lacnna' and canalicnli. There is a crescent

of well developed Haversian systems in ihe anteridv wall bordering' upon the

internal circumferential lamellfp. The posterioi- wall is composed of well de-

veloped Haversian systems extending from the external surface of the bone to

tlie internal circumferential lamellfe. A narrow ring of internal circumferential

lamellae with long lacunae and straight canalicnli surrounds the medullary canal.

Type II-III, C.

FEMUR OF CEPHALOPHUS AFRICAN ANTELOPE. NO. 163255, U. S. NAT. MUS.

Pl. 18, Fig. 273. Stn. Tab. VII

Antero-posterior diameter of bcme, 15 mm.; lateral, l.'i.o mm.

Antero-posterior diameter of medullary canal, S) mm.; lateral, i) mm.

The medullary canal is full. Medullary index, 67%.

Structure.—The bone is comyiosed of a wide horseshoe band of laminae

embracing the posterior ridge. The laminae are long and short and are inter-

rupted by a few Haversian canals in the external laminae. They are crossed by

numerous canals from the medullary canal. Their lacunae are long and their

canalicnli are straight. Underneath the lamina> and adjacent to tlie internal

circumferential lamellfe is a narrow ring of Haversian systems. The systems

form nearly the whole posterior ridge, and elsewhere are situated between the

canals extending outward from the medullary canal. They are well developed.

The medullary canal is surrounded by a narrow ring of internal circumferen-

tial lamellae well developed.

Type II-TII, C.

FEMUR OF RAPHICEROS. STEINBOK. NO. 1648U1, U. S. NAT. MUS.

Pi.. 18. Fic. 2T4. Syx. Tab. VII

Antero-posterior dianieti'i- of hone, ll' min.; lateral, 12.5 mm.

Antero-posterior diameter of medullary canal, 6.5 mm.; lateral, 7 nmi.

The medullary canal is full. jMedullary index, 43%.

Structure.—The section is surrounded by a narrow ring of lamelhe and

Haversian systems. In the posterior lateral wall is a group of Haversian

systems which foinis nearly the whole wall. The lacuiue are long and their

canalicnli bushy and straight. The remainder of the bone is composed of la-

mina', crossed at various angles by canals and interrupted here and there by

very crude Haversian systems of the (la) ditferentiation. The lacuiiie are long

and narrow.

Type II-III, la, C.
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LEFT FEMUR OF GAZELLA GRANTL GRANT 's GAZELLE. NO. 27762, AMEH. MI'S. NAT. HIST.

Tl. 18, Fig. 375. Syn. Tab. VII

Anteroposterior diameter of bone, 19 mm.; lateral, 19.5 mm.
Antero-posterior diameter of medullary canal, 10.5 mm.; lateral, II mm.
The medullary oanal is full. Medullary index, 45%.

Structure.—The section is composed of a wide horseshoe hand of laminae

embracing the posterior ridge. In the anterior wall they are interrupted by

Haversian systems, especially near the circumference. They are long and short

and their lacunae are round and oval with bushy and straight canaliculi. Under-

neath the lamina of the outer lateral, the anterior, and inner lateral wall is a

crescent of Haversian systems well developed. The posterior ridge is com-

posed mostly of Haversian systems. Internal circumferential lamella; with

narrow lacunar and straight canaliculi surround the medullary canal.

Type II-III, C.

LEFT FEMUR OF KOBUS ELLIPSIPRYMNOS. WATER BUCK. NO. 27669,

AMER. MUS. NAT. HIST.

Pl. is. Fig. 2r0. Syx. Tah. VII

Antero-posterior diameter of bone, 28 mm. ; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 18 mm.; lateral, 16 mm.

The medullary canal is full. Medullary index, 70%.

Structure.—Beginning on the outer side of the posterior ridge and extend-

ing around the outer and anterior wall is an external band of lamella?, inter-

rujited by Haversian systems of the (la) differentiation and by canals. Their

lacuiRP are long and their canaliculi are straight. The inner wall of the section

is com])ose(l of lamina? whicii are continued around the section \n llie posterior

ridge under the lamellar band of the anterior and outer wall. 'J'hc laminae are

frequently interrupted by Haversian systems. Their lacunje are long and their

canaliculi are straight. The posterior ridge is composed of Haversian systems

which are extended around the outer and anterior wall and border uijon the

medullary canal. Their lacunae are long.

Type I-II-III, la, C.

RIGHT FEMUR OF ARCTOMYS MONAX. WOODCHUCK OR GROUND HOG. CR. MED. COLL.

Pl. 19, Pig. 377. Syn. Tab. VII

Antero-posterior diameter of bone, 6 mm. ; lateral, 7 mm.

Antero-posterior diameter of medullary canal, 4 mm.; lateral, 4.5 mm.

The medullary canal is full. Medullary index, 74%.

Structure.—Two laminae with long lacunae and straight canaliculi, inter-

niiited here and there by Haversian systems of the (la) differentiation, sur-

round the section with the exception of the posterior ridge.
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The central ring is composed of Haversian systems, irregular in shape and

of the (C) differentiation, between wliieh are groups of lamellae extending in

different directions. A wide ring of lamellae, separated into laminae, surrounds

the medullary canal. The lacunae are long and the caualiculi are straight.

Type II-III, la, C.

RIGHT FEMUR OF CANIS LATRANS. COYOTE. CR. MED. COLL.

Pl. lit. Fig. 278. Stn. Tab. VII

Antero-posterior diameter of bone, 12 mm.; lateral, 11.5 mm.

Antero-posterior diameter of medullary canal, 8 mm.; lateral, 7 mm.

The medullary canal is full. Medullary index, 68%.

Struct u re.—The section is surrounded b,y external circumferential lamellae

excepting its posterior ridge and anterior wall. Beginning on the outer lateral

side of the posterior ridge the lamellfe separate into laminae. As they pass

around the outer lateral to the anterior wall the laminae decrease in number

until they are reduced to a few lamella. The lamellae then pass around the

inner wall as a narrow band.

Their lacunae and caualiculi are well developed. Underneath the lamella"

and lamiufe is a wide ring of well developed Haversian systems, widest in the

posterior wall where they form nearly the wliole thickness of tlie posterior

ridge. The systems frequently unite by cross canals and have long, narrow

lacunae. The medullary canal is enclosed by a ring of lamellje. In the lateral

wall the lamellae gradually thicken and separate into several lamimB which

form lialf the thickness of the wall. They are well developed.

Type II-III, C.

RIGHT FEMUR OF CAPRA. GOAT. CR. MEU. COLL.

Pl. 19, Fi(!. 279. Syn. Tab. VII

Antero-posterior diameter of bone, 4.5 mm. ; lateral, 5 muL

Antero-posterior diameter of medullary canal, 2.5 mm.; lateral, 3 mm.

The medullary canal is full. Medullary index, 50%.

Structure.—The section is surrounded by a ring of lamina^, divided into

short, long, and irregular segments by transverse canals and interrupted by

small Haversian systems of the (lb) differentiation. Underneath this is a wide

central ring of laminae arranged concentricallj' and obliquely and interrupted

frequently by Haversian systems of the (lb) and (C) differentiations. In the

anterior and posterior wall are two crescents of Haversian systems, and in

tlie outer portion of the posterior wall a group of Haversian systems.

A narrow ring of lamellae surrounds the medullary canal. Tlie lacunas are

generally oval and the caualiculi are straight.

Type II-III, lb, C.
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RIGHT FEMUR OF A BX'LL DOG (nOT A PURE BLOOD). NO. 292, CK. MED. COLL.

Pl. 19. Fig. 2794. Stx. Tab. VII

Aiitero-posterior dianieter of bone, 14.5 mm.; lateral, 12.5 mm.
Antero-posterior diameter of medullary canal, 10.5 nun.; lateral. 9 mm.
The medullar)' canal is full. Medullary index, 109'/;;.

Structure.—The section is composed of a horseshoe of lamina' and lamella?,

separated into two bauds by a central band of Haversian systems. Tlie lamina'

constitute the whole of the inner wall, and as they reach the anterior wall thej-

become lamellae, which are then separated into external and internal bands by a

central band of Haversian systems. The three bands, external lamellar, central

Haversian system, and internal lamellar form the outer wall. The internal

lamellae are frequently crossed by radiating canals. The posterior ridge is com-

posed of Haversian systems with comparatively few lacuna'. Their bone sub-

.stance is in excess of that usually seen. In the anterior wall near the medul-

lary canal are four quite large openings.

Type I-II-III, C.

LEFT FEMUR OF A SHEPHERD DOG (XOT A Fl'RE BLOOD). NO. 201, CK. .MED. COLL.

Pl. 19, Fig. 280. Syn. Tab. VII

Antero-posterior diameter of bone, 11 mm.; lateral, 10.5 mm.

Antero-posterior diameter of medullary canal, 6.5 mm. ; lateral, 5.5 mm.

The medullary canal is full. Medullary index, 45%.

Structure.—The section is surrounded by a horseshoe band of laminae which

constitutes the principal part of the bone. Between the lamiufe are canals which

widen into circular areas at intervals. The lacuna? are oval and long. The cen-

tral ring is reduced to a long, narrow crescent of Haversian systems extending

around the anterior, outer, and posterior wall. The posterior ridge is almost

entirely composed of Haversian systems. The internal circumferential lamellae

form a narrow ring around the medullary canal.

TjT)e II-III, C.

RIGHT FEMUR OF A DOG. NO. 291, CK. MED. COLL.

Pl. 19. Fig. 280^ Syn. Tab. VII

Antero-posterior diameter of bone, 16 mm.; lateral, 17 nun.

Antero-posterior diameter of medullary canal, 11 nnn. ; lateral. 10 mm.

The medullary canal is full. Medullary index, 68%.

Structure.—The section is composed of a horseshoe band of lamelhe and

laminae, interrupted by Haversian systems of the (la) differentiation. In the

outer wall the lamellae are separated into two nearly equal concentric bands by

a middle l)aii(l of Haversian systems. The lamellar bands are frequently
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(ii'ossed i)y radiating- cauals and interrupted by crude Haversian canals. The

lamellae on reaching the anterior wall separate into lamina?, which constitute

the whole inner wall. Here and there the canals between the laminse widen

into circular openings. The posterior ridge is composed of Haversian systems,

between which are short lamella; with round lacimfe. The intornul circum-

ferential lamellae surround the medullary canal.

Type I-II-III, la, C.

FEMLTR OF A FOX TERKIEK (XOT A PUKE BLOOD). XO. 202, CK. MED. COLL.

Pl. 19. Fig. 381. Syn. Tab. VII

Antero-posterior diameter of bone, 11 mm.; lateral, 9.5 mm.

Antero-posterior diameter of medulla ly canal, 6.5 mm.; lateral, G mm.

The medullary canal is full. Medullary index, 59%.

Structure.—The section is surrounded by a wide horseshoe of laminae which

forms three-fourths of the thickness of the wall of the bone. The canals between

the laminae widen at intervals into circular areas. The laminai are fre<iuentl\

crossed by irregular canals. The lacuna^ are oval. The central ring is a nar-

row crescent and is composed of well developed Haversian systems. The ring

reaches the surface of the posterior ridge where it is composed of vascular

canals surrounded by concentric lamellae. Between the canals are long, minute,

tendon insertions. The internal circumferential lamellae form a narrow ring

around the medullar)' canal. Just behind the ring are several large vascular

spaces.

Type II-III, C.

RIGHT FEMUR OF A MONGREL DOG (nO CHARACTERISTIC FEATURES).

NO. 200, CR. MED. COLL.

Pl. 19, Fig. 282. Syn. Tab. VII

Antero-posterior diameter of bone, 12.5 mm.; lateral, 13 mm.

Antero-posterior diameter of medullary canal, 8.5 mm.; lateral, 9 mm.

The medullary canal is full. Medullary index, 90%.

Structure.—The section is surrounded by a horseshoe band of lamina? and

lamellae. The laminae form the whole width of the inner wall. They then be-

come fewer in number as they reach the anterior wall, where they are reduced

to a narrow lamellar band. The lamellte then widen and separate into lamina?

as the band reaches the posterior ridge. The central ring is reduced to a long,

narrow crescent of Haversian systems which nearly encircles the section. The

systems reach the surface of the posterior ridge and form nearly the whole

width of the posterior wall. They are well developed. The internal circum-

ferential lamellae do not form an enclosing ring. In the posterior wall they

form a narrow band, in the outer wall the band widens into laminae, and in the
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anterior outer lateral wall the lamiiife form three-fourths of the wall. In the

anterior inner lateral wall the lamellae and laminae disappear altogether and
Haversian systems form the boundary of the medullary canal.

Type II-III, C.

RIGHT FEMUR OF A BULL DOG (NOT A PUKE BLOOd). NO. 204, CR. MED. COLL.

Pl. 19, Pig. 283. Syn. Tab. VII

Antero-posterior diameter of bone, 13 mm.; lateral, 12 mm.
Antero-posterior diameter of medullary canal, 7 mm. ; lateral, 6.5 mm.
The medullary canal is full. Medullary index, 41%.

Structure.—The section is surrounded by a wide horseshoe of crude laminae

intermixed with Haversian systems. The shoe is widest in the outer wall where

it forms half the width of the wall. In the inner wall the systems are irregular

and more numerous than elsewhere. The central ring is composed of Haversian

systems. It reaches the surface of the posterior ridge. Between the systems

near the posterior surface and extending along the external boundary on either

side of the ridge are oblique tendon insertions. The ring is narrowest in the

outer wall. The internal circumferential lamellae enclose the medullary canal.

They form a thick band along the inner and anterior walls. The thick band is

crossed frequently by cross canals.

Type II-III, C.

RIGHT FEMUR OF A COLLIE DOG (nOT A PURE BLOOd). NO. 203, CR. MED. COLL.

Pl. 19, Fig. 284. Syn. Tab. VII

Antero-iDosterior diameter of bone, 13.5 mm.; lateral, 13 mm.
Antero-posterior diameter of medullary canal, 8 mm. ; lateral, 7.5 mm.
The medullary canal is full. Medullary index, 50%.

Structure.—The section is enclosed by a horseshoe of lamellae, interrupted

by small Haversian systems and partially separated by canals. The lamelhe

form nearly half of the width of the wall of the bone. The central ring is com-

posed of well developed Haversian systems which constitute the entire posterior

ridge with the exception of the internal lamellae. The internal circumferential

lamellae form a ring of varying widths surrounding tlie medullary canal.

Type I-II-III, C.

RIGHT FEMl'K OF A SPANIEL (nOT A PURE BLOOU). NO. 205, CR. MED. COLL.

Pl. 19, Fig. 285. Syn. Tab. VII

Antero-posterior diameter of bone, 13 mm.; lateral, 13.5 mm.

Antero-posterior diameter of medullary canal, 8.5 inuL ; lateral, 8.5 mm.

The medullary canal is full. Medullary index, 70%.
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Structure.—The section is surrounded by a narrow horseshoe of lamellae,

widest in the inner wall. The central ring forms the greater portion of the

width of the wall. It reaches the surface of the posterior ridge and constitutes

nearly all of the posterior wall. The ring is composed of well developed Ha-

versian systems. The internal circumferential lamella? form a ring of lamellae

and laminae extending in various directions.

Type II-III, C.

The femora of ten dogs were examined and no two of them showed the

same structure. They ranged from a second to a second and third combination.

In the combinations the proportions of the units varied greatly.

LEFT FEMUR OF LEPUS CUNICULUS. RABBIT. CR. MED. COLL.

Pl. 19, Fig. 286. Syn. Tab. VII

Antero-posterior diameter of bone, 5.5 mm. ; lateral, 7.5 mm.

Antero-posterior diameter of medullary canal, 3.5 mm.; lateral, 5 mm.

The medullary canal is full. Medullary index, 74%.

Structure.—Around the bone is a ring of lamellae of varying thicknesses. As

a whole, it is narrow, and, in the posterior wall, merges into oblique laminae

which join the internal circumferential lamellae. The lacunae are long and nar-

row and the canaliculi are long and branching.

There is a central ring of incomplete Haversian systems and short, irregu-

lar laminae occupying the anterior and inner wall. In the posterior wall this

ring is interrupted by oblique, well developed Haversian systems and laminae

extending from the internal to the external circumferential lamellae. In the

outer wall there are wide, oblique canals separating irregular laminae extend-

ing from the internal to the external lamelte and interdigitating with exten-

sions from the iieriosteum. These two oblique arrangements enclose a small

crescent of irregular systems and lamellae. The lacunae are oval or long and the

canaliculi are bushy.

Internal circumferenlial lamella^ of varying thickness and well developed

surround the medullar}' canal. In tlie inner and posterior wall it merges into

oblique, wide laminae, separated by an oblique row of complete Haversian sys-

tems. To the outer side of this row of systems are three or four wide, oblique

laminae which appear to be extensions of the internal lamellae.

Type I-II-III, C.

RIOHT FEMUR OF PROCYON LOTOR. RACCOON

]^L. 20, Fill. 287. Syn. Tais. VII

Antero-posterior diameter of bone, 9 mm.; lateral, 10 mm.

Antero-posterior diameter of medullary canal, 6.5 mm.; lateral, 7 mm.
The medullary canal is full. Medullary index, 100%.
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Structure.—The section is surroimded by external circumferential lamelte.

In the anterior and posterior inner wall the ring is thick and interrupted by
Haversian systems of the (la) differentiation. Tlie lacunas are long and narrow
and the canaliculi are long.

Tlie centra] ring is composed of irregularly shaped Haversian systems well

developed. It gradually increases in thickness in the inner wall until it reaches

about the middle, where it forms two-thirds of the width of the wall. From this

point it continues to increase to the middle of the anterior wall, where it forms
four-fifths of the bone. Tlie systems are strongly developed, their lacuna are

long and narrow, and their canaliculi are long and branching. Between tlie

systems are short lamellae. The Haversian canals frequently unite.

A ring of internal circumferential laminae of varying thickness surrounds

the medullary canal. In the inner wall and extending around the posterior

region are short, oblique laminae, forming, in some places, nearly one-half of the

tliickness of the bone. In the outer wall two or three laminae form the medul-

lary boundary. The lacunae are long and narrow and the canaliculi are long

and branching.

Type I-II-III, la, C.

OS PENIS OF THE RACCOON

PL. 20, Fig. 288. Stn. Tab. VII

The OS penis is introduced here because of its relation to the general bone

structure of the animal and its relation of structure to function.

The antero-posterior diameter of the bone is 4 mm. ; lateral, 4 nun.

The antero-posterior diameter of the central canal is 0.8 mm. ; lateral, 0.8

mm.

The canal is very irregiilar in shape. The bone is of medium hardness.

The medullary canal is full. Medullary index, 4%.

Structure.—External circumferential lamelte, rather incompletely devel-

oped, surround the bone. They are not equally distinct in all parts. In some

places they are fairly well developed, while in others they are indistinct and

interrupted by small, incomplete Haversian systems. The lacunae are large,

few in number, oval in shape, and have branching canaliculi.

A wide ring of large and small Haversian systems constitutes the central

ring. The large systems occupy the inner portion of the ring, the small ones

the outer portion. They are all fairly well developed. Their Haversian canals

frequently communicate with each other; their cross-sections are circular; their

lacunae are few, long, and narrow; tlieir canaliculi are long and branching; and

their lamellje are not clearly defined. Here and there short inter-Haversian

lamellae appear.
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Internal circumferential lamellae form a very irregular boundary of the

medullary canal. Tlie lacunje are long and their canaliculi are very numerous

and branching.

Type I-III, C.

FEMUR OF CANIS LUPUS. WOLF

Pl. 20, Fig. 289. Syn. Tab. VII

Antero-posterior diameter of bone, 16.5 mm. ; lateral, 7 mm.

Antero-posterior diameter of medullary canal, 10 mm. ; lateral, 5 mm.

The medullary canal is full. Medullary index, 77%.

Structure.—Beginning on both sides of the posterior ridge and extending

around the two lateral portions of the wall of the bone are two wide bands of

laminae, interrupted by Haversian systems of the (la) and (C) differentiations.

As the bands reach the anterior wall the laminae are reduced to a narrow rim of

external circumferential lamellfe. Beginning on both sides of the posterior

wall, directly underneath the internal circumferential lamellae and extending

around the anterior wall, is a central crescent of well developed Haversian

systems. Bordering the medullary surface of the anterior wall is an area

of laminaj. The posterior ridge is composed of well developed Haversian sys-

tems. A narrow lamina surrounds the medullary canal.

Type II-III, la, C.

EIGHT FEMUR OF FELIS LEO. LION. AMEK. MUS. NAT. HIST.

Pl. 20, Fig. 290. Syn. Tab. VII

Antero-posterior diameter of bone, 26 mm. ; lateral, 25.5 mm.

Antero-posterior diameter of medullary canal, 13 mm. ; lateral, 11.5 mm.

The medullary canal is full. Medullary index, 28%.

Structure.—The section is partly surrounded by a band of lamellae and

crude laminae, interrupted by Haversian systems of the (la) and (C) differen-

tiations. The band is broken at the posterior ridge and outer antero-lateral

wall by Haversian systems of the central ring.

The central ring occupies the posterior wall and the remainder of the

section excepting that part immediately surrounding the medullar)' canal. It

is composed of well developed Haversian systems, which are separated into two

nearly equal jiortions !>> a narrow laminar extension of (he wide band of the

inner lateral wall.

The internal circumferential lamellae form a narrow ring around tlie medul-

lary canal. Immediately beliind lliis, in the outer anterior wall, are a number

of spaces.

Type I-II-III, la, C.
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FEMUR OF CASIS. SMALL GREY FOX. OR. MED. COLL.

Pl. 20, Fig. 291. Syn. Tab. Vll

Antero-posterior diameter of bone, 8 mm.; lateral, 9 mm.
Antero-posterior diameter of medullary canal, 5 mm.; lateral, 6.5 mm.
The medullary canal is full. Medullary index, 80%.

Structure.—A ring of external circumferential lamellfe and laniinEe, inter-

rupted by Haversian systems of the (la) differentiation, surrounds the bone.

In the outer wall the lamellar ring is distinct, but in the inner wall it widens

and separates into laminae which occupy the whole thickness of the wall. The

laminfe are short and are separated and crossed by intercommunicating canals.

On the inner lateral side of the posterior wall is a ridge and the laminae from

the inner wall reach the surface at this point and appear to interdigitate with

inward extensions from the periosteum. The lacunje are long and narrow; tlie

canaliculi are long and branching.

The central ring is composed of a wide crescent of well developed Ha-

versian systems, the horns of which begin a short distance apart in the innert

wall, while the widest part of the body occupies the outer wall. The systems

are small and large, regular and irregular in shape. Their lamellae are well

defined; their lacunae are long and narrow; and their canaliculi are branching.

Their Haversian canals frequently communicate.

Around a portion of the medullary canal is a border of Haversian systems.

The internal circumferential lamellag form an incomplete ring around the medul-

lary canal.

Type I-II-III, la, C.

LEFT FEMUK OF TAXXDEA AMERICANA. AMERICAN BADGER. AMER. MUS. NAT. HIST.

Pl. 20, Fig. 292. Syn. Tab. VII

Antero-posterior diameter of bone, 7 mm. ; lateral, 8 mm.

Antero-posterior diameter of medullary canal, 4 nun. : latoral, 4 mm.

The medullary canal is full. Medullary index, 40%.

Structure.—The section is surrounded in the anterior and lateral wall by

external circumferential lamellaj. In the posterior wall tlie lamella' are ar-

ranged obliquely. Under the lamella? is a narrow crescent of small, well de-

veloped Haversian systems. Under the ring of systems is a wide ring of

laminae which in the posterior wall are arranged obliquely from the medullary

canal. The canals between the lamina are wide and brandling. The lacuna

are oval and long.

Type I-II-III, C.
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RIGHT FEMUE OF MELURSUS LABL^TUS. SLOTH BEAK. XU. 22720,

AMEE. MUS. XAT. HIST.

Pl. 20, Fig. 293. Stn. Tab. VII

Antero-posterior diameter of boue, 24 mm. ; lateral, 24 mm.

Antero-posterior diameter of medullary canal, 10 mm.; lateral, 10 mm.

The medullary canal is full. Medullary index, 21%.

Structure.—A horseshoe band of lamellfe, lamina^, and Haversian systems

of the (la) differentiation embraces the posterior ridge. The band is widest

in the inner wall, where it is composed of lamellse and lamina} alternating with

Haversian systems. The lacunae are oval and long.

The central ring is composed of lamellae, laminae, and Haversian systems

intermixed and alternating with each other. The systems are well developed.

The posterior ridge is composed of Haversian systems and lamellas having a

direction from the external to the medullary surface.

The internal circumferential lamellae form a narrow ring around the medul-

lar}^ canal. The lacunae are long.

The bone is peculiar in the mixture of its units.

Type I-II-III, la, C.

LEFT FEMUR OF CANIS AURET'S. JACKAL. XO. 163293, U. S. NAT MUS.

Pl. 30. Fig. 294. Syx. Tab. VII

Antero-posterior diameter of bone, 10 nnn. ; lateral, 8.5 mm.

Antero-posterior diameter of medullary canal, 6.5 mm. : lateral. 6 mm.

The medullary canal is full. Medullary index, 85%.

Structure.-—An irregular horseshoe of lamellae and lamiiut surrounds the

section. On the outer side of the posterior ridge the lamellae are wide, as they

extend around the outer lateral wall they become very narrow, then widen

again in the anterior wall to more than lialf tlie width, and as they pass around

the inner wall they separate into lamina, diminish in width, and terminate in the

iimer posterior region. The lamelhp are interrupted by Haversian systems of

the (la) ditferentiation. They are frequently crossed by canals. Underneath

the lamella? and laminse is an irregularly shaped central ring of Haversian sys-

tems. It forms the whole width of the posterior and adjacent inner wall. The

systems are large and small and well developed. In the outer wall thej^ are

elongated in cross-section, especially in the anterior region. A narrow ring of

internal circumferential lamellse surrounds tlie medullary canal.

Type I-II-III, la, C.
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RIGHT FEMUR OF DIDELPHYS VIRGINIAN-A. OPOSSUM. CR. MED. COLL.

Pl. 20, Fig. 205. Syn. Tab. VII

Antero-posterior diameter of bone, 7 mm. ; lateral, 8.5 mm.
Antero-posterior diameter of medullary eanal, 3.5 mm. ; lateral, 5 mm.
The medullary canal is full. Medullary index, 42%.
Structure.—The bone presents a rudimentary appearance. It is composed

of two wide external lamellar bands of incomplete formation, separated by a

very narrow band of imperfectly developed Haversian systems, the whole oc-

cupying two-thirds of the posterior, outer, and anterior wall. The lamellar

bands are composed of bone substance with large, oval lacuiiEe and extensive,

bushy canaliculi forming an intricate network. At short intervals radiating

canals appear, giving a bush-like appearance to the band. Just internal to this

lamellar band is a narrow crescent of very incomplete Haversian systems occu-

pying the anterior, outer, and posterior wall. The systems are of the (lb)

differentiation. Around the medullary canal of the anterior, outer, and pos-

terior wall, internal circumferential lamellfe are well developed, reaching their

greatest thickness in the outer wall. Their lacunse are long and narrow and

their canaliculi are long, straight, and branching.

The inner wall of the bone is extended in the form of a heavy ridge. It

is composed of bone substance with heavy, oblique canals, from which are sent

off dense networks of large canaliculi. This peculiar arrangement forms the

external half of the ridge. The internal half is composed of incomplete Ha-

versian systems, arranged in oblique rows, converging to a central point in the

middle of the ridge. No internal circumferential lamellse are found in this

region.

Type I-III, lb.

left femur of manis. ant-eater. no. 8351, u. s. nat. mus.

Pl. 20, Fig. 296. Syn. Tab. VIT

Antero-posterior diameter of bone, 9 mm.; lateral, 12.5 mm.

Antero-posterior diameter of medullary canal, 4 mm.; lateral, 5.5 mm.

The medullary canal is full. Medullary index, 24%.

Structure.—The three structural divisions appear in a somewhat modified

form. A thick, incomplete ring of crude circumferential laminas surrounds the

section, excepting the posterior ridge. The laminae are wide and composed of

lamellae having round and oval lacunae with bushy canaliculi. They are separ-

ated by irregularly shaped canals which appear fragmentary in the section.

In some situations the canals are branching and arranged in plexus form. The

laminae are frequently interrupted by Haversian canals of the (la) differen-

tiation.
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The central ring is composed of Haversian systems of the (lb) differentia-

tion. Their lacunfe are generally oval or round, in a few places long and nar-

row, and are at some distance from the Haversian canals. Their canaliculi are

long. The rings break through the external circumferential laminae at the

inner ridge and form the whole width of the ridge, from the internal circum-

ferential lamella? to the external surface. The internal circumferential lamellae

()f the different widths surround tlie medullary canal and in some places form

cancellous structure. Their lacunae are long, narrow, and well developed.

Type II-III, la, lb.

RIGHT FEMUR OF HAPLODONTIA OLYMPICA. SEWELLEL, MOUNTAIN BEAVEH, OR FARMER

Pl. 20, Fig. 297. Stn. Tab. VII

Antero-posterior diameter of bone, 5.5 mm.; lateral, 4 mm.

Antero-posterior diameter of medullary canal, 3 mm. ; lateral, 1.5 mm.

The medullary canal is full. Medullary index, 26%.

Structure.—The section is composed of a confusing mixture of lamellae,

laminae, and Haversian systems of various differentiations. A narrow ring

of lamellae and crude Haversian systems surrounds the bone. The central ring

is composed of crude Haversian systems, following no definite plan of arrange-

ment and representing no definite state of development. Tlie ring is crossed

obliquely by a few lamiuEE and separated into two parts by concentric lamellae.

Tlie internal circumferential lamellae are incomplete.

Type I-II-III, la, lb.

LEFT FEMUR OF ERETHIZON. PORCUPINE. Cli. MKD. ((ILL.

Pl. 30, Fig. 2!)8. Syn. Tab. VII

Antero-posterior diameter of bone, 9.5 mm.; lateral, 7.5 mm.

Antero-posterior diameter of medullary canal, 3 mm. ; lateral, 2.5 mm.

The medullary canal is full. Medullary index, 12%.

Structure.—With the exception of the posterior wall the section is sur-

rounded by a narrow band of external circumferential lamellae. The posterior

wall is composed of crude Haversian systems and inter-Haversian bone sub-

stance with oval lacunje and bushy canaliculi.

The central ring is composed of Haversian systems and inter-Haversian

bono substance with oval lacunas and bushy canaliculi.

Internal circumferential lamelljp, crossed by many radiating canals and

interrupted by Haversian systems of the (la) and (II)) differentiation, surround

the medullary canal.

Type I-III, la, lb, C.
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XL MAN
One hundred and tbirty-iiiue femora were examined.

General Character of the Femuk

The femur of man presents a variety of sliapes.

The medulhuy canals are generally full of eaufellous bone, the meshes of

which are filled with marrow. Tlie medullary surfaces are almost always

rough, Imt in some round sections the surfaces are smooth and cancellous

bone is absent.

The average medullary index of the adult is .38.6%. Comparing the aver-

age index of man witli tliat of other mammals, which is 63.3%, it will be noticed

that the medullary canal is proi^ortiouately smaller and the wall of the bone

thicker in man than in other mammals, or in bipeds than in (|uadrupeds.

The following types and comljinations of types arc t'diiiid: the third, first

and third, second and third, and first, second, and third. The third type occurs

in the (la), (lb), and (C) forms of ditferentiation. The jture third type bone

without senile changes is rather infrequent. The human series consists of the

fetal, infantile, adolescent, and adult femora. Tlie fetal series includes the

white and black races ; the infantile, the j'ellow-brown, ancient Egyptian, and

modern white races; the adolescent, the yellow-brown, ancient Egyptian, and

white races ; and the adult, all races.

Fetal Humax Femora

Seven femora were examined.

In the very young fetus of two to three montlis, l)asic Ixme substance is

present and is marked oft" into regular areas by crude, In-anching canals. As

fetal life advances the canals become less branching and more concentric. Grad-

ually the basic bone becomes lamellated and then develops into tlie second type

and remains so until birth. Throughout childhood and youth the lamina tend

to disappear and to be replaced by Haversian systems, until the bone develop-

ment is completed.

In the formation of human fetal femora the following plan was observed.

A horseshoe-shaped band of lamellje or laminae with o\al lacunae and bushy

canaliculi is formed around the medullary canal, with tlie exception of tlie pos-

terior ridge which appears to have an independent formation at a later date.

As the bone develops the ridge fuses with the lateral wall.

eight femur OF A WHITE FETUS, TWO AXD OXE-HALF MOXTHS OLD

Pl. 21. Fig. 299. Six. Tab. YIII

Antero-posterior diameter of bone, 1.8.; lateral, 1.5 mm.

Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.-4 mm.

The medullary canal is full. Medullary index, 8%.
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Structure.—The section is composetl of two e-oiieeiitric rings of bone sub-

stance, external and internal. The external—much tlie wider—forms most of

the wall of the bone, and is composed of cliannelled bone substance with round

lacuns and relatively few canaliculi. In some portions the elongated meshes

assume the character of laminar formation.

The internal circumferential lamelte with long lacunae and bushy canaliculi

form a narrow ring around the medullary canal.

Type I.

EIGHT FEMUR OF A WHITE FETUS, THREE AND ONE-HALF MONTHS OLD.

NO. 89, CR. MED. COLL.

Pl. 21, Fiu. 300. SvN. Tail VIII

Anteroposterior diameter of bone, li.5 mm.; lateral, 2 mm.

Antero-postcrior diameter of. medullary canal, 0.5 mm.; lateral, 0.5 mm.

The medullary canal is full. Medullary index, 57f

.

Structure.—The anterior wall is much tliinner tlian the posterior. The

section is composed of bone substance within which are irregularly shaped

canals. Between the canals the bone substance, with oval lacuna' and short,

bushy canaliculi, is arranged concentrically around tlie meduUary canal. In

some situations the canals with their adjacent lacuna- have the formations of

Haversian systems of tlie (la) differentiation. The posterior ridge foiiiis the

whole posterior wall, and is composed of l)one substance with wide canals liav-

ing a direction from tlie external to the medullary surface and presenting the

appearance of long canals divided into shorter ones until crude Haversian

canals are formed. The bone substance has oval lacniue and bushy canaliculi.

The medullary canal is small and concentricallv situated.

Type II-III, la.

EIGHT FEMUR OF A WHITE FETUS, FOUR MONTHS. NO. i)0, CR. MED. COLL.

Pl. 21, Fio. ;!01. Syn. Tab. VIII

Antero-i)osterior diameter of bone, ;>.5 inm. ; lateral, L'.5 mm.

Antero-posterior diameter of medullary canal, 0.6 mm.; latei'al, 0.5 nun.

The medullary canal is full. Medullary index, 3%.

Structure.—The anterior wall is much thinner than the posterior. The

section is composed of hone substance with oval lacuna' and bushy canaliculi,

interrupted hy wide, irregular canals lient around the medullary canal in the

shape of a horseshoe. A few crude, elongated HaNersian systems are found in

the posterior wall. The posterior ridge is composed of a few undeveloped Ha-

versian systems of the (lb) diit'erentiation and inter-Haversian bone substance

with wide canals, exteuiling from the external to the medullary surface. The
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Haversiau systems of the ridge are somewhat better developed than in the three

months' fetus.

Type II-III, lb.

EIGHT FEMUR OF A WHITE FETUS, FIVE TO SEVEN MONTHS. NO. 248045, U. S. NAT. MUS.

Pl. si, Fig. 302. Syn. Tab. VIII

Antero-posterior diameter of bone, 3.5 mm.; lateral, 3 mm.
Antero-posterior diameter of medullary canal, 0.5 mm.; lateral, 0.5 mm.
The medullary canal is very small and occupies a very eccentric position.

Medullary index, 2%.

Structure.—The section is composed of a wide horseshoe baud of long and

short laminfe arranged around the medullary canal. The toe forms the very

narrow anterior wall and the heel embraces the very wide posterior ridge. The

laminae have central canals and are composed of lamellae with oval lacunas

and bushy canaliculi. They widen and shorten as they approach the posterior

ridge and on either side of it they have become Haversian systems of the (lb)

differentiation. The posterior ridge is composed of long and short spaces sur-

rounded by lamellae extending from the external to the medullary surface. The

section exhibits the early formation of laminae, the horseshoe arrangement, the

formation of Haversian systems, and the later formation of the posterior ridge.

Two laminae with round and oval lacunae and short bushy canaliculi surround

the medullary canal.

Type II-III, lb.

RIGHT FEMUR OF A WHITE FETUS, EIGHT TO NINE MONTHS. NO. 228842,

U. S. NAT. MUS.

Pl. 21, Fig. 303. Syn. Tab. VIII

Antero-posterior diameter of bone, 4.5 mm. ; lateral, 5 mm.

Antero-posterior diameter of medullary canal, 1 mm. ; lateral, 1 mm.

The medullary canal is irregular in shape and is situated in the anterior

half of the microsection. Medullary index, 4%.

Structure.—Around the outside of the section—posterior ridge excepted—

is a narrow band of incompletely developed lamellae with oval lacunae and short,

bushy canaliculi. The remainder of the anterior and lateral wall is composed

of a wide, horseshoe-shaped band enclosing the medullary canal. It is composed

of long lamina with central canals gradually shortening and widening as they

pass around the lateral wall until they are transformed into oval Haversian

systems close to the posterior ridge. The posterior ridge is composed of

elongated, crude Haversian systems of the (lb) differentiation, and short la-

mina extending from the external to the medullary surface and at right angles

to the laminae of the lateral wall. In the center of the ridge is a narrow space

n
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where the wall of the bone has united or is about to unite. Many large oval

lacuna are found in the bone substance between the systems. The bone shows

the formation of Haversian systems, the filling of the posterior ridge by laminse

at right angles to the lateral walls, and the line of union as the walls fuse

together in the posterior ridge. A wide band of lamella; with oval lacunae and

bushy canaliculi surrounds the medullary canal.

Type II-III, lb.

RIGHT FEMUR OF AMERICAN NEGRO FETUS, NINE MONTHS. NO. 228801,

V. S. NAT. MUS.

Pl. 2J, Fig. 304. Stn. Tab. VIII

Antero-posterior diameter of bone, 4.5 mm. ; lateral, 5.5 mm.
Antero-posterior diameter of medullary canal, 1.5 mm. ; lateral, 2.5 mm.
The medullary canal is full. Medullary index, 15%.

SfrHcfiire.—The anterior wall is composed of a few external circumferen-

tial lamellai, which, as they leave the mid-line, soon spread out and enclose

elongated, crude Haversian systems of the (lb) ditferentiation. The systems,

which appear to be laminfe crudely bent around and along wide, short canals,

assume a concentric arrangement and enclose the medullary canal in the form

of a horseshoe. The posterior ridge is then formed and fuses with the lateral

wall. The lacuna; are oval; the canaliculi are comparatively few and bushy.

In the mid-line of the an^^erior wall the external circumferential lamellse are

distinctly separated from the crude Haversian systems, but this line of separa-

tion soon becomes indistinct. The Haversian systems vary in shape and com-

pleteness in the different portions of the wall. In the anterior portion they

are round or oval, especially just beneath the external circumferential lamelliB

where thej' are most complete. The Haversian canals are relatively wide. The

lacunae of the systems form single concentric rings around tlie Haversian

canals and at some distance from them. They are oval with short, bushy cana-

liculi. The Haversian systems gradually elongate and become extremely ellip-

tical as they api^roach the posterior ridge. Here the Haversian canals are

long, wide, and generally parallel. They occupy nearlj^ the whole thickness of

the posterior wall and extend from the external to the medullary surface. The

Haversian canals of the lateral wall are wide, irregular, and long, but are

generally parallel with tlie external surface of the bone. The lacunse are oval,

few, and confined to a single concentric row situated at some distance from the

canal. The posterior ridge appears to be formed at a later date tlian the

anterior and lateral walls. The internal circumferential lamellae with long

lacunae and straight canaliculi are present in the anterior wall, but not else-

where.

Type II-III, lb.
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RIGHT FEMUR OF CRANIORRHACHISCHISIS WHITE FETUS. NO. 91, CR. MED. COLL.

Pl. 31, Fig. 305. Syn. Tab. VIII

Antero-posterior diameter of bone, 6 mm. ; lateral, 6 mm.

Antero-posterior diameter of medullary caual, 3 mm.; lateral, 2.5 mm.

The medullary canal is full. Medullary index, 267c-

Structure.—The bone has no distinct divisions. The anterior wall is thin-

nest; the posterior is thickest. The bone is composed of a wide horseshoe of

irregular, concentric lamiiife with wide canals surrounding the medullary canal.

The laminae of the posterior ridge witli their wide canals shorten, widen, and

become crude, elongated Haversian systems, running from the external to the

medullary surface and at right angles to the lamina? of the lateral wall. The

lacunae are oval and the canaliculi are bushy. The femur is larger than that

of the normal fetus of the same age.

Type II-III, lb.

In the development of human fetal femora some of the Haversian systems

appear to be produced by tlie aberrant method of formation; that is, by the

transformation of laminae into Haversian systems.

XII. MAN—BLACK EACE

General Character of the Femur

The bones vary in shape. The medullary canals are full and cancellous

bone is prominent. The medullary surfaces are very much corrugated and

irregular in character. The medullary index varies from 17% to 92%, with

an average of 41.9 %o. The type of structure ranges from a first and third to a

complete third, and the majority are type combinations rather than single types.

The first and third and first, second and third are the most frequent combina-

tions. Senile changes are found in many femora. The bone units are incom-

pletely and completely differentiated.

Detailed Examination

left femur of negro. no. 228481, u. s. nat. mus.

Pl. 21, Fig. 306. Stn. Tab. VIII

Antero-posterior diameter of bone, 29 mm. ; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 16 mm. ; lateral, 15 mm.
' The medullary canal is full. Medullary index, 38%c.

Structure.—The external circumferential lamellae, in fragments, surround

the bone. The lacuna? are long and narrow and the canaliculi are straight.
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The central ring, forming nearly the whole thickness of the wall of the bone,

is composed of well developed Haversian systems with little or no inter-Ha-

versiau lamelte. The horseshoe areas have been displaced entirely by well

developed Haversian systems. The internal circumferential lamellse with long

lacunae and straight canaliculi surround the medullary canal.

Type III, C.

The degree of development of a human femur is proportionate to the degree

of displacement of its lamellae or laminae by Haversian systems.

FEMUK OF WHITE AND NEGEO MIXED, AT LEAST ONE-HALF WHITE.

NO. 247368, u. s. nat. mus.

Pl. 21, Fig. 307. Stn. Tab. VIII

Antero-posterior diameter of bone, 22 mm. ; lateral, 27 mm.

Antero-posterior diameter of medullary canal, 12 mm. ; lateral, 11 mm.

The medullary canal is full. Medullary index, 30%.

Structure.—The external circumferential lamellae, in fragToents, surround the

bone. Their lacunte and canaliculi are well developed. There is little evidence

of the horseshoe band of lamellae. The central ring is composed of Haversian

systems and forms nearly the whole width of the wall. The systems are of

unequal sizes, some are small and others are large relatively, but generally they

are rather small. There is also a corresponding variation in the diameters

of the Haversian canals. The lacunae and canaliculi of the Haversian systems

are of the fully developed variety. Many Haversian systems are senile.

The internal circumferential lamellae with long lacunae and straight cana-

liculi surround the medullary canal.

Type III, C, senile.

LEFT FEMUK OF A NEGKO. NO. 3, MED. DEPT. TULANE UNIV.

Pl. 21, Fig. 308. Stn. Tab. VIII

Antero-posterior diameter of bone, 30 mm. ; lateral, 24 mm.

Antero-posterior diameter of medullary canal, 15 mm.; lateral, 14 mm.

The medullary canal is full. Medullary index, 41%.

Structure.—External circumferential lamellae with long lacunae and straight

canaliculi are fragmentary. The central ring forms most of the bone and is

composed of Haversian systems of the (C) differentiation. Many show senile

changes. A narrow ring of internal circumferential lamellae surrounds the

medullary canal.

Type III, C, senile.
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LEFT FEMUR OF A NEGRO. NO. 87, MED. DEPT. TULANE UNIV.

Pl. 22, Pig. 309. Syn. Tab. VIII

Antero-posterior diameter of bone, 27.5 mm. ; lateral, 30 mm.
Antero-posterior diameter of medullary canal, 17 mm.; lateral, 17 mm.
The medullary canal is full. Medullary index, 54%.

Structure.—The external circumferential lamellae are fragmentary. The

central ring is composed of large, small, and irregular Haversian systems, which

show marked senile changes. The internal lamelliE form a fragmentary ring-

around the medullary canal.

Type III, C, senUe.

RIGHT FEMUR OF A NEGRO. NO. 7, MED. DEPT. TULANE UNIV.

Pl. 22, Fig. 310. Stn. Tab. VIII

Antero-posterior diameter of bone, 27 mm. ; lateral, 30 mm.
Antero-posterior diameter of medullary canal, 19 mm.; lateral, 18 mm.

The medullary canal is full. Medullary index, 74%.

Structure.—The external lamelte are fragmentary. The central ring is

composed of Haversian systems with few senile changes. The internal lamellae

form a narrow ring around the medullary canal.

Type III, C, senile.

LEFT FEMUR OF A NEGRO. NO. 4, MED. DEPT. TULANE UNIV.

Pl. 22, Fig. 311. Stn. Tab. VIII

Antero-posterior diameter of bone, 30 mm. ; lateral, 23 mm.

Antero-posterior diameter of medullary canal, 21 mm.; lateral, 13 mm.

The medullary canal is full. Medullary index, 65%.

Structure.—The external circumferential lamellae form a narrow enclosing

ring, excepting in the posterior ridge where it is absent. The central ring forms

most of the section and is composed of regular, well developed Haversian sys-

tems, excepting in the inner wall where the systems are much elongated.

The internal circumferential lamellae are fragmentary.

Type III, C.

LEFT FEMUR OF A NEGRO. NO. 84, MED. DEPT. TULANE UNIV.

Pl. 22, Fig. 312. Stn. Tab. VIII

Antero-posterior diameter of bone, 24 mm.; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 15 mm.; lateral, 13 mm.

The medullary canal is full. Medullary index, 48%.
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Structure.—The external circumfereiitial lamellfe are fragmentary. The

central ring is composed of well developed Haversian systems. A narrow ring

of internal circumferential lamellae surrovinds tlie medullary canal.

Type III, C.

LEFT FEMUR OF A NEGRO. NO. 10, MED. DEPT. TULANE UNIV.

Pl. 22, Fig. 313. Syn. Tab. VIII

Antei'o-posterior diameter of bone, 26 mm. ; lateral, 29 mm.
Antero-posterior diameter of medullary canal, 14 mm. ; lateral, 15 mm.
The medullary canal is full. Medullary index, 38%.

Structure.—The section is composed of a wide background of the lamellar

horseshoe occupying the lateral wall. The lamella; are frequently interrupted

by Haversian systems of the (C) differentiation. In the anterior wall the

lamellae are replaced by Haversian systems.

The remainder of the section is composed of well develoised Haversian sys-

tems. Cancellous bone surrounds the medullary canal.

Type I-III, C.

RIGHT FEMITR OF A FEMALE NEGRO. AGE 40. NO. 123, MED. DEPT. TULANE UNIV.

Pl. 22, Fig. 314. Syn. Tab. VIII

Antero-posterior diameter of bone, 28 mm. ; lateral, 27 mm. '

Antero-i3osterior diameter of medullary canal, 14 mm. ; lateral, 11 mm.
The medullary canal is full. Medullary index, 25%.

Structure.—The external circumferential lamellie appear only in fragments.

The central ring, which constitutes most of the bone, is composed of Haversian

systems, many of which are senile. The internal circumferential lamella form

a narrow ring around the medullary canal. The lacunae of all units are oval

and long and the canaliculi are straight.

Type III, C, senile.

LEFT FEMUR OF A NEGRO. AGE 40. NO. 79, MED. DEPT. TULANE UNIV.

Pl. 22, Fig. 3 15. Syn. Tab. VIII

Antero-posterior diameter of bone, 30.5 mm. ; lateral, 26.5 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 15 mm.
The medullaiy canal is full. Medullary index, 46%.

Structure.—The external circumferential lamellas a^jpear only in fragments.

The central ring forms most of the section and is composed of Haversian sys-

tems. Around the medullary region nearly half of the wall of the bone is com-

posed of Haversian systems in an extremely senile condition. The systems of
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the peripheral portion are in pretty good condition, altliough senile changes are

present to some extent.

The internal circumferential lamellae form a narrow ring around the medul-

lary canal.

Type III, C, senile.

LEFT FEMUR OF A NEGRO. NO. 224714, U. S. NAT. MUS.

Pl. 22, Fig. 316. Stn. Tab. VIII

Antero-posterior diameter of bone, 34 mm. ; lateral, 36 mm.
Antero-posterior diameter of medullary canal, 21 mm. ; lateral, 21 mm.

The medullary canal is full. Medullary index, 56%.

Structure.—Beginning on the inner side of the posterior ridge and extend-

ing around the lateral to the anterior wall is one-half of the lamellar horse-

shoe described in the foregoing femora. The lamellar shoe is studded with

many Haversian systems. The central ring is narrow and composed of Ha-

versian systems, many of which are senile. The posterior ridge and adjoining

outer wall are composed entirely of Haversian systems. Internal circum-

ferential lamellae form a narrow ring around the medullary canal.

Type I-III, C, senile.

LEFT FEMUR OF A NEGRO. NO. 11, MED. DEPT. TULANE UNIV.

Pl. 22, Fig. 317. Stn. Tab. VIII

Antero-posterior diameter of bone, 32 mm. ; lateral, 26.5 mm.

Antero-posterior diameter of meduUarj' canal, 13 mm. ; lateral, 12 mm.

The medullary canal is full. Medullary index, 22%.

Structure.—The remains of the lamellar horseshoe band are evident. It is

narrow in the outer posterior, widens to one-third the width of the anterior,

and extends along the inner wall as a wide band. The band is interrupted by

Haversian systems in the lateral wall and by Haversian canals of the (la)

differentiation in the anterior wall. The central ring is composed of well de-

veloped Haversian systems. The internal lamellae form a wide ring around the

medullary canal.

Type I-III, la, C.

RIGHT FEMUR OF A NEGRO. NO. 2, MED. DEPT. TULANE UNIV.

Pl. 23, Fig. 318. Stn. Tab. VIII

Antero-posterior diameter of bone, 30 nnn. ; lateral, 29 mm.

Antero-posterior diameter of medullary canal, 16 mm.; lateral, 14 mm.

The medullary canal is full. Medullary index, 36%.
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Structure.—The external circumferential lamellae are fragmentary. Be-

ginning on the outer side of the posterior ridge and extending around the

external half of the outer wall is a wide baud of alternating laminae and Ha-

versian systems. Underneath the band is a central ring of Haversian systems.

The anterior, inner, and posterior wall is composed almost entirely of Haversian

systems. The internal circumferential lamellae form a narrow, enclosing ring

around the medullary canal.

Type I-II-III, C.

LEFT FEMUE OF A NEGEO. NO 56, MED. DEPT. TULANE UNIV.

Pl. 23, Fig. 319. Syn. Tab. VIII

Antero-posterior diameter of bone, 27.5 mm.; lateral, 27 mm.
Antero-posterior diameter of medullary canal, 16 nam.; lateral, 14 mm.
The medullary canal is full. Medullary index, 43%.

Structure.—The external circumferential lamellae are fragmentary. The

central ring is composed of a wide band of lamellae with Haversian systems

in the outer and anterior wall and of Haversian systems with some inter-

Haversian lamelte in the inner and posterior wall. The systems are well de-

veloped but senile to a great extent. Tlie internal circumferential lamellae are

fragmentary.

Type I-III, C, senile.

LEFT FEMUR OF A NEGEESS. NO. 220, CE. MED. COLL.

Pl. 23, Fig. 320. Syn. Tab. VIII

Antero-posterior diameter of bone, 30 mm. ; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 18 mm.; lateral, 14 mm.

The medullary canal is full. Medullary index, 50%.

Structure.—A wide circumferential horseshoe band of lamellae forms the

background of the section. It is narrowest in the inner, forms two-thirds of

the anterior, and over half of the outer wall. In these situations the lamellae

are to some extent displaced by Haversian systems of the (la) and (C) differen-

tiations. The central ring is narrow and is composed of Haversian systems,

many of which are senile. There are relatively few cross canals. The internal

circumferential lamellae form a narrow ring which becomes cancellous.

Type I-III, la, C, senile.

RIGHT AMPUTATED FEMUE OF A NEGRESS. NO. 220, CR. MED. COLL.

Pl. 23, Fig. 321. Syn. Tab. VIII

The femur is amputated at lower third.

Antero-posterior diameter of bone, 30 mm.; lateral, 25 mm.
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Antero-posterior diameter of medullary canal, 24 mm. ; lateral, 15 mm.
The medullary canal is full. Medullary index, 92%.
Structure.—A wide circumferential horseshoe of lamellae surrounds the

section. It gradually increases in width in the inner and outer, and constitutes

nearly the whole of the anterior wall. It is interrupted by Haversian systems

of the (la) and (C) differentiations. The central ring is composed of Ha-
versian systems of varying sizes. The communicating canals between the sys-

tems are few. There seems to be great variation in the different femora in this

respect, and their variation affords a possible explanation of senile changes in

bone. Near the medullary canal the senility is marked. The Haversian sys-

tems here are practically gone. The wall of the bone, including the posterior

ridge, is very thin. The internal circumferential lamellfe are fragmentary.

The senile changes are much more pronounced than in the left femur and

may be the result of disuse.

Type I-III, la, C, senile.

LEFT FEMUR OF A NEGRESS. AGE 14. NO. 226, CR. MED. COLL.

Pl. 23, EiG. 323. Stn. Tab. VIII

The mother is white and the father is not a pure black. The child died

from the effects of carbolic acid taken for suicidal purposes. The upper third

of the femur has a very small medullary canal.

Antero-posterior diameter of bone, 24 mm.; lateral, 18 mm.
Antero-posterior diameter of medullary canal, 12 mm. ; lateral, 9 mm.
The medullary canal is full. Medullary index, 34%.

Structure.—The posterior ridge is thick and composed of irregularly shaped

Haversian systems, separated in the circumferential portion by bone substance

with round and oval lacunte and bushy canaliculi. Numerous canals surrounded

by clear areas appear. The external circumferential lamellse form an enclosing

ring. The central ring is composed of Haversian systems, which are oval and

round in cross-section and separated in places by short laminse. Their lacunae

are generally oval; otherwise the systems are fairly well developed. The in-

ternal circumferential lamellae are fragmentary, excepting in the inner wall

where they form a wide crescent. The bone is not quite complete.

Type I-III, C.

FEMUR OF A NEGRO. NO. 1, MED. DEPT. TULANE UNIV.

Pl. 23, Fig. 323. Stn. Tab. VIII

Antero-posterior diameter of bone, 23 mm. ; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 11 mm.; lateral, 10 mm.

The medullary canal is full. Medullary index, 24%.
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Structure.—Beginning on both sides of the posterior ridge and extending

around the section is a horseshoe of lamellfe, lamiuaB, and Haversian systems

of the (la) and (C) differentiations. The shoe is crossed by frequent canals.

Under the horseshoe is a middle ring of well developed Haversian systems which

reaches the external surface of the posterior ridge.

Internal circumferential lamellae form a narrow ring around the medullary

canal. The section is nearly half lamelliB.

Type I-II-III, la, C.

BIGHT FEMUR OF A KAFFIR NEGRO. NO. 263196, U. S. NAT. MUS.

Pl. 23, Fig. 324. Syn. Tab. VIII

Antero-posterior diameter of bone, 27 mm. ; lateral, 23 mm.

Antero-posterior diameter of medullary canal, 14 mm. ; lateral, 11.5 mm.

The medullary canal is partly surrounded by cancellous bone and is full.

Medullary index, 32%.

Structure.—The external circumferential lamelte are fragmentary. Be-

ginning on the outer side of the posterior ridge and extending around the outer

lateral wall is a wide external band of elongated Haversian systems in a back-

ground of lamella;. This band, one-half the width of the wall, bends inward

toward the internal circumferential lamellae as it approaches the anterior wall

and then merges into the Haversian systems of that wall. In the inner wall is

a similar, narrower external band beginning near the posterior ridge, extending

around the lateral, widening, curving inward toward the medullary canal, and

merging into the Haversian systems of the anterior wall. These bands are the

remains of the lamellar horseshoe. Their lacunas are oval and narrow. Under-

neath these bands is an irregularly shaped ring of well developed Haversian

systems forming nearly the whole width of the anterior and posterior wall.

They communicate freely by cross canals and their lacunae are well developed.

The internal circumferential lamellae surround the medullary canal as cancellous

bone. In the lateral inner wall they widen and separate into lamina^, which

spread toward the external surface and occupy half of the width of the wall in

the widest place. The lacunae are oval and narrow.

Type I-III, C.

right femur of A NEGRO. NO. 248674, U. S. NAT. MUS.

Pl. 23, Fig. 325. Syn. Tab. VIII

Antero-posterior diameter of bone, 30 mm.; lateral, 26 nun.

Antero-posterior diameter of medullary canal, 15 mm.; lateral, 12.5 mm.

There is little cancellous bone around the medullary canal. Tlie bone is a

little larger than the left femur.

The medullary canal is full. Medullary index, 32%.
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Structure.—The external circumferential lamelte are not distinct from the

underlying- structures. Beginning- on both sides of tlie posterior ridge and ex-

tending around the section is a wide horseshoe-shaped band of lamina and

lamellae. The toe of tlie shoe forms nearly the whole of the anterior wall and

the heel nearly one-third of the posterior wall. In the outer lateral wall the

heel of the shoe is composed of lamina, separated by canals and crude Ha-

versian systems. The laminae gradually widen and increase in number and

bend inwards nearly to the medullary canal as they reach the anterior wall.

Here the laminar structure spreads out into a wide band of lamellae which forms

nearly all of the anterior wall. In this band are a great number of crude

Haversian systems of the (la) differentiation arranged in concentric lines.

After leaving the anterior, tlie lamellae gradually become narrow until they

form about one-third the width of the posterior wall. Underneath the horse-

shoe band is an irregularly shaped ring of Haversian systems which widens

and forms nearly the whole posterior ridge. The systems are often separated

by lamellae. The internal circumferential lamellis surround the medullary canal

and are widest in the outer wall. The lacunae are oval and narrow.

Type I-II-III, la, C.

LEFT FEMUR OF A NEGKO. NO. 248674, U. S. NAT. MUS.

Pl. 24, Fig. 326. Syn. Tab. VIII

Antero-posterior diameter of bone, 29 mm. ; lateral, 27 mm.

Antero-posterior diameter of medullary canal, 17 mm. ; lateral, 14 mm.

The medullary canal is full. Medullary index, 42%.

Structure.—Begmnmg on both sides of the posterior ridge and extending

around the external portion of tlie section is a wide horseshoe-shaped band of

laminae, lamellae, and Haversian systems. In the outer wall the heel is com-

posed of a wide band of lamella;, interrupted by a few Haversian systems of

the (la) differentiation, and in the inner wall of laminae with many systems of

the same grade. The lamellar and laminar bands rapidly widen about the mid-

lateral wall and bend inward nearly to the medullary canal as tliey reach the

anterior and form the whole width of the anterior wall, excepting- the internal

circumferential lamellae. In the anterior wall the lamelliB form a background

which is thickly set with crude Haversian systems of the (la) differentiation.

Underneath the horseshoe and between it and tlie medullary canal the following

structures are found: In the inner wall short, wide, irregular bands appear,

interrupted by Haversian systems, well developed. In the outer wall the sys-

tems are much more closely set and better developed. The posterior ridge is

composed entirely of systems, well developed. The lacunae are well developed.
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The internal circmnferential lamellae surround the medullary canal, widest in

the outer wall.

Type I-II-III, la, C.

Since the lamellar and laminar structures constitute such an important

part of the femora of the negro, No. 248674, it was thought best to examine

sections of all of the long bones of this negro in order to ascertain, if possible,

whether or not the lamellar and laminar structures are accidental or char-

acteristic of all the long bones of that individual. The following long bones

have, therefore, been examined: Tibia and fibula, radius and ulna, humerus,

clavicle and metatarsal bone of the great toe.

TIBIA OF NEGKO, NO. 248674, U. S. NAT. MUS.

Pl. 24, Fig. 327. Syn. Tab. VIII

Structure.—Beginning with the inner ridge and extending laterally in both

directions is a wide external band of lamellae and laminae, interrupted by Ha-

versian systems of the (la) differentiation. A wide external band of lamellse

and laminae also forms the boundary of the outer wall. The anterior and pos-

terior walls are mostly Haversian systems. Underneath the horseshoe is an

irregular central ring of Haversian systems, well developed. The internal cir-

cumferential lamellae are arranged in places in the form of cancellous bone.

The lacunae are oval and long and the canaliculi are bushy. The tibia has

practically the same type combination as the femur.

Type I-II-III, la, C.

FIBULA OF NEGRO, NO. 248674, U. S. NAT. MUS.

Pl. 24, Fig. 328. Stn. Tab. VIII

Structure.—A wide lamellar and laminar band, interrupted in places by

Haversian systems of the (la) and (C) differentiations, surrounds the bone,

excepting the anterior wall where the Haversian sj^stems form the circum-

ference. The band is widest in the posterior wall. Underneath the band is an

irregular ring of Haversian systems well developed. The lacunae are oval and

long. The internal circumferential lamellae form the boundary of the medullary

canal and are thickest in the posterior wall. The bone shows the same struc-

ture as the femur.

Type I-II-III, la, C.

ULNA OF NEGRO, NO. 248674, U. S. NAT. MUS.

Pl. 24, Pig. 329. Syn. Tab. VIII

Structure.—The section is surrounded—posterior ridge excepted—by a

wide horseshoe of lamellae, interrupted by Haversian systems of the (la) and
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(C) differentiation. The central ring is composed of well developed Haversian

systems, separated in some places by laminae. Internal circumferential lamellas,

wide in some places and interrupted by Haversian systems of the (la) differen-

tiation, surround the central canal.

Type I-II-III, la, C.

RADIUS OF NEGRO, NO. 248674, U. S. NAT. MUS.

Pl. 24, Fig. 330. Stn. Tab. VIII

Structure.—The section is surrounded by a wide horseshoe band of lamellae,

interrupted by scattering Haversian systems of the (la) and (C) differentia-

tions. The central ring, narrow and irregular, is composed of Haversian sys-

tems and inter-Haversian lamellae. The systems are well developed. Internal

circumferential lamellae of varying widths surround the central canal.

Type I-III, la, C.

HUMERUS OF NEGRO, NO. 248674, U. S. NAT. MUS.

Pl. 34, Fig. 331. Stn. Tab. VIII

Structure.—About half of the section is composed of lamellae, interrupted

by scattering, well developed Haversian systems and Haversian systems of the

(la) differentiation, and the remaining half of well developed Haversian sys-

tems. Internal circumferential lamellae form a ring of varying widths around

the medullary canal.

Type I-III, la, C.

clavicle of negro, no. 248674, u. s. nat. mus.

Pl. 24, Fig. 333. Stn. Tab. VIII

Structure.—The section is about half surrounded by a wide band of la-

mellae and laminas, which alternate with concentric rows of Haversian systems.

The remaining half is composed of well developed Haversian systems, separated

in some places by short laminae. External and internal circumferential lamellae

form narrow rings around the bone and central canal.

Type I-II-III, C.

metatarsal bone of the great toe. negro, no. 248674, u. s. nat. mus.

Pl. 34, Fig. 333. Stn. Tab. VIII

Structure.—The inner one-half of the wall of the bone is composed of la-

melte with a few crude Haversian systems of the (la) differentiation. The
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outer half is composed of well developed Haversian systems between narrow

external and internal circumferential lamellae.

Type I-III, la, C.

Eeviewiug the long bones of this negro, No. 248674, it may be observed

that they all conform to the first and third or first, second, and third types of

structure, whicli types must be considered basic for this individual.

LEFT FEMUR OF A NEGRO. NO. 224713, U. S. NAT. MUS.

Pl. 24, Fig. 334. Syn. Tab. VIII

Antero-posterior diameter of bone, 35 mm. ; lateral, 24 mm.

Anteroposterior diameter of medullary canal, 20 mm. ; lateral, 12 mm.
The medullary canal is full; cancellous bone is prominent in the posterior

wall. Medullary index, 40%.

Structure.—The section is surrounded by a more or less fragmentary ring

of lamellae, laminae, and Haversian systems. The ring is wide and broken by

Haversian systems of the central ring in the posterior and inner wall. The

central ring is composed of well developed Haversian systems and inter-Ha-

versian lamellae. Internal circumferential lamelljE form a narrow ring around

the medullary canal.

Type I-II-III, la, C.

BIGHT FEMUR OF A NEGRO. NO. 83, MED. DEPT. TULANE VNIV.

Pl. 25, FiG. 335. Syn. Tab. VIII

Antero-posterior diameter of bone, 30 mm.; lateral, 25 nun.

Antero-posterior diameter of medullary canal, 12 mm.; lateral, 10 nun.

The medullary canal is full. Medullary index, 19%.

Structure.—Beginning on both sides of the posterior ridge and extending

around the section is a horseshoe of lamelLns, laminas, and Haversian systems

of the (la) and (C) differentiations. It is thin in the outer and thick in the

remaining wall. The central ring is irregular and incomplete and composed

of well developed Haversian systems with long, narrow lacunae and straight

canaliculi. Tlie internal circumferential lamellae form a very irregular ring,

which, in the outer wall, spreads out into a curved, fan-shaped area of laminae

occupying most of that wall. The leaves of the fan then merge into a wide

band of lamellae, which bends inward to the medullary surface of the anterior

wall. The fan encloses several complete Haversian systems and short canals.

Type I-II-III, la, C.
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RIGHT FEMUR OF A NEGRO. NO 6, MED. DEPT. TULANE UNIV.

Pl. 25, Fig. 336. Syn. Tab. VIII

Antero-posterior diameter of bone, 33.5 mm.; lateral, 27 mm.
Antero-posterior diameter of medullary canal, 13 mm. ; lateral, 10 mm.
The medullary canal is fuH. Medullary index, 17%.

Structure.—With the exception of the posterior ridge, the section is sur-

rounded by a band of lamellae of varying widths, interrupted by Haversian

systems of the (Ta) and (C) differentiations. On both sides of the ridge the

lamellfe are separated into crude laminae by short concentric canals. The la-

mellae occupy nearly the whole of the anterior wall. The central ring is very

irregular and limited to the posterior and inner wall. It is composed of well

developed Haversian systems and inter-Haversian lamellae.

Internal circumferential lamellae form a very irregular ring around the

medullary canal. In the outer wall it expands into a wide semicircular area

of laminae, interrupted by Haversian systems of the (la) and (C) differentia-

tions.

Type I-II-III, la, C.

RIGHT FEMUR OP A NEGRO. NO. 6.3, MED. DEPT. TULANE UNIV.

PL. 25, Fig. 337. Syn. Tab. VIII

Antero posterior diameter of bone, 32 mm.; lateral, 28 mm.

Antero-posterior diameter of medullary canal, 20 mm.; lateral, 14 mm.

The medullary canal is full. Medullary index, 45%.

Structure.—A narrow ring of external circumferential lamellie surrounds

the l)one. Beginning on the outer side of the posterior ridge and extending

around the outer lateral and anterior wall is a wide band of lamellae, laminae,

and Haversian systems. After leaving the anterior wall the lamellar band is

displaced by Haversian systems and as the posterior wall is approached the

lamellar band again appears. These interrupted bands are the remains of the

horseshoe. Underneath the band is an incomplete central ring of well de-

veloped Haversian systems.

The internal circumferential lamellae form an enclosing ring around the

medullary canal. It is widest in the inner wall.

Type I-II-III, la, C.

LEFT FEMUR OF A NEGRO. NO. 5, MED. DEPT. TULANE UNIV.

Pl. 25, Fig. 338. Syn. Tab. VIII

Antero-posterior diameter of bone, 25 mm.; lateral, 24 mm.

Antero-posterior diameter of medullary canal, 16 mm.; lateral, 15 mm.

The medullary canal is full. Medullary index, 67%.
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Structure.—A wide horseshoe hand of lamella and laminae, interrupted

hy Haversian systems of the (la) and (C) differentiations, surrounds the sec-

tion. The band is narrow in the inner wall. The central ring is narrow and

irregular and composed of Haversian systems and inter-Haversian lamellae.

Internal circumferential lamellae form an irregular ring around the medul-

lary canal. In the inner wall they extend outward in an oblique direction and

are separated by canals having the same direction.

Type I-II-III, la, C.

EIGHT FEMUE OF A NEGRO. NO. 8, MED. DEPT. TULANE UNIV.

Pl. 25, Fig. 339. Syn. Tab. VIII

Antero-posterior diameter of bone, 27 mm. ; lateral, 25 mm.
Antero-posterior diameter of medullary canal, 12.5 mm.; lateral, 9 mm.

The bone is small. The medullary canal is full. Medullary index, 20%.

Structure.—On both sides of the posterior ridge are two wide external

bands of lamellae of unequal length. They are interrupted by small, crude

Haversian canals of the (la) differentiation. The band of the inner increases

in width as it reaches the anterior wall where it forms nearly the whole wall.

It is then displaced by Haversian systems. The band of the outer waU is

much shorter and is displaced by Haversian systems about the middle of the

wall. The lacunfe are generally long. The Haversian systems of the section

occupy irregularly shaped areas. The internal circumferential lamellae form a

wide ring around the medullary canal and it is crossed by frequent canals.

Type I-III, la, C.

LEFT FEMUR OP A NEGRO. NO. 7, MED. DEPT. TULANE UNIV.

Pl. 25, Fig. 340. Stn. Tab. IX

Antero-posterior diameter of bone, 30 mm. ; lateral, 26 mm.

Antero-posterior diameter of medullaiy canal, 17 mm. ; lateral, 15 mm.

The medullary canal is full. Medullary index, 50%.

Structure.—The external circumferential lamellae are fragmentary. The

central ring constitutes practically the whole bone, and is composed of Ha-

versian systems which show extensive senility. Around the medullary canal

many systems have entirely disappeared, leaving irregularly shaped spaces.

The internal circumferential lamellae form a narrow ring around the medul-

lary canal.

Type III, C, senile.
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XIII. MAN—YELLOW-BROWN RACE

General Character of the Femur

Witli one e.xception the femora of tlie yellow-brown race are pre-Colum-

bian. The series includes infantile, adolescent, and adult bones from the

Pueblo, Chicama, and Pachacamac Indians.

The general shape of these femora is nearer circular than it is in the

black or white races. The medullary canals were filled with marrow and

cancellous bone. The medullary surfaces are irre^lar and corrugated. The

medullary index varies from 19% to 100%, with an average of 43.8%.

Nearly all of the femora are composed of type combinations. The propor-

tion of first type units is larger than it is in other races.

Detailed Examination

kleiht femur of a pueblo indian chili), one year old. no. :258675(z),

u. s. nat. mus.

Pl. 25, Fig. 341. Syn. Tab. IX

Antero-posterior diameter of bone, 8 mm. ; lateral, 7.5 mm.

Antero-posterior diameter of medullary canal, 4.5 mm. ; lateral, 4 mm.

The medullary canal is full. Medullary index, 43%.

Structure.—Around the external portion of the section is a horseshoe-

shaj)ed band of crude Haversian systems in various stages of differentiation.

Some are round, some elongated, and many are irregulai' in shape. Their

Haversian canals of the (lb) ditferentiation are relatively large and surrounded

by lamell!P witli oval lacuna" and ratlici- infre(|U('nt cauali<"uli. The toe of tlie

shoe is best developed and widest.

Underneath the Haversian band is a wider liorscshdc band, forming the

remainder of the section, and composed of lamina^ between which are concen-

tric canals. In the anterioi- and outer wall the lamina' are assuming the shape

of very much elongated Haversian systems. The posterioi' ridge is composed

of crude, elongated Haversian systems, which extend from tlie external to the

medullary surface and at right angles to the laminae of the lateral wall. The

systems have wide Haversian canals, surrounded by lamella; with oval lacunaj

and bushy canaliculi. A large vascular canal is seen in the inner posterior

wall.

The internal circumferential lamella; surround the medullary canal in the

form of cancellous bone.

Type II-III, lb.

12
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BIGHT FEMUR OF A PUEBLO INDIAN CHILI), SIX YEAKS OLD. NO. 258675(L),

U. S. NAT. MUS.

Pl. 25, Fig. 342. Syn. Tab. IX

Antero-posterior diameter of bone, 12 mm.; lateral, 10.5 mm.

Antero-posterior diameter of medullary canal, 8 mm.; lateral, 6 mm.

The medullary canal is full. Medullary index, 61%.

Structure.—Beginning on both si<les of the posterior ridge and extending

around the section is a horseshoe-shaped band of laminte and lamellfe, inter-

rupted by Haversian systems of the (la) dilTerentiation. In the inner wall the

band is composed of lamiuje, separated by rather short, wide canals. The

laminae gradually merge into a narrow band of lamellae as they pass around

the inner lateral into the anterior wall. The band of lamella^ then widens in

the outer wall and separates into laminae, which form the whole width of the

wall just before reaching the posterior ridge. The lacunae are oval.

Underneath this band is a central ring of large, small, and irregularly

shaped Haversian systems with inter-Haversian lamellae. Many large canals

occur which are irregular in shape and surrounded by clear areas of bone

substance with few oval lacunae. The systems communicate by canals which,

in some portions, assume the form of a network. The ring reaches the external

surface of the posterior ridge.

The internal circumferential lamellfe surround the medullary canal, except-

ing in the outer posterior wall where the systems form the border of the canal.

Type I-II-III, la, C.

LEFT FEMUK OF A PUEBLO INDIAN, TWELVE YEAKS OLD. NO. 258675(82),

U. S. NAT. MUS.

Pl. 25, Ki(!. .312*. Svn. 'I'ab. I X

Antero-posterior diameter of lioiic, 17 nun.; lateral, l(i nmi.

Antero-posterior diameter of medullary canal, 9 mm.; lateral, !• mm.

The medullary canal is full. Medullary index, 42%.

Striictvre.—Around the outside of the section is a horseshoe-shaped band

of lamellae, separated into fragmentary laminae by short concentric canals. The

toe of the shoe is the widest part of tiie band and the heel of the inner is wider

than that of the outer wall. The band is frequently interrupted by spaces of

various sizes and shapes, the significance of which is not clear, and by Ha-

versian systems of the (la) differentiation. The spaces are generally visible

to the naked eye, and some of them are surrounded by clear areas crossed by a

few canaliculi.

Underneath the horseshoe band is a central ring of incomplete Haversian

systems with intervening lamelhi?. The ring is also frequently interrupted



NO. 3 COMPARATIVE HISTOLOGY OF FEMUR FOOTE 169

by spaces similar to lliose iiientioned above. Tlie systems are louiul, oval, and

irregular in shape with oval lacunas and straight canaliouli. They communicate

by cross canals. The posterior ridge is nearly all Haversian systems.

A ring of internal circumferential lamellae of varying widths surrounds the

medullary canal. In the lateral wall it spreads out into a fan-shaped area,

which occupies about half the wall and is interrupted ])y a few canals.

Type I-II-III, la, C.

FEMUR OF A PUEBLO INDIAN, NO. 258675 (x), U. S. NAT. MUS.

Pl. 36, Fig. 343. Syn. Tab. IX

Antero-jjosterior diameter of bone, 20 mm. ; lateral, 20 nmi.

Antero-posterior diameter of medullary canal, 8 mm.; lateral, !• mm.
The medullary canal is full. Medullary index, 22%.

Stnicfiire.—The posterior ridge, not prominent, is composed of Haversian

systems which are well developed. Beginning on both sides of tlie ridge

and extending completely around the bone is a wide horseshoe of lamellae, sep-

arating in places into lamina', which are interrupted by Haversian systems of

the (la) differentiation. The horseshoe varies in thickness. Tlie toe constitutes

two-thirds the width of the anterior wall, while the heel is considerably nar-

rower. In the anterior wall the lamellaj are very frequently interrupted by

elongated Haversian systems arranged concentrically. These systems are crude

and of a low development.

Underneatli the lamellar horseshoe is a central ring of complete Haversian

systems. They are well developed with long, narrow lacunae and straight cana-

liculi. Internal circumferential lamellae enclose the medullary canal. In tlie

])osterior wall they form a wide band. In other situations they are reduced

to a narrow ring.

Type I-II-III, la, C.

RIGHT FEMUR OK A PITICBLO INDIAN, ADULT. NO. 227339, U. S. NAT. MUS.

Pi,. 2(1 Fig. 344. Syn. Tab. IX

Antero-posterior diameter of bone, 25 mm. ; lateral, 2."! nun.

Antero-posterior diameter of medullary canal, 14 mm.; lateral, 11 mm.

The medullary canal is full. Medullary index, 37%.

Structure.—The external circumferential lariiellae appear in scattered frag-

ments around the section, and whole or half Haversian systems occupy the

intervals between the fragments. The lacunae are oval and long. A thick cen-

tral ring of Haversian systems forms the chief part of the wall of the bone. The

systems are well developed, their lacunae are long and narrow. Extending

across the prominence of the inner wall and forming its external boundary the

Haversian systems are somewhat elongated and arranged in a direction parallel
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with tlie external surface of tlie bone. The internal circumferential lamella;

surround the medullary canal. Their lacuna? are long.

Type III, C.

LEFT FEMUR OF A PERUVIAN INDIAN. NO. li66469( b) , U. S. NAT. MUS.

Pl. 26, Fig. 345. Syn. Tab. IX

Antero-posterior diameter of bone, 27 mm. ; lateral, 31 mm.
Antero-posterior diameter of medullary canal, 21 mm. ; lateral, 19 mm.
The medullary canal is full. Medullary index, 91%.

Structure.—The section is surrounded by a narrow ring of external la-

melliB. The inner wall is extended in the fonn of a ridge and is composed of

lamiiuv parallel with the ridge surface. The laminae are perforated by irregu-

larly shaped spaces. The central ring is wide and composed of well developed

Haversian systems, many of which are senile, especially those of the outer wall.

The internal circuraferential lamellae form an irregular ring around the

medullary canal. In some jilaces the lamella? are indistinctly separated into

laminae.

Type I-II-III, C, senile.

LEFT FEMUR OF A PERUVIAN INDIAN. NO. 266469(a), U. S. NAT. MUS.

Pl. 26, Fig. 346. Stn. Tab. IX

Antero-posterior diameter of bone, 22 mm. ; lateral, 27 mm.
Antero-posterior diameter of medullary canal, 13 mm. ; lateral, 12 mm.
The posterior ridge is small, wliile a very i)rominent heavy ridge occurs

in the inner wall. Tliis gives to the bone a ])eculiar shape.

Tlie me(hillary canal is full. Medullary index, 36'/,

.

Striu-fure.—The external circumferential lamellae are fragmentary. The

section is composed almost entirely of well developed Haversian systems with

some inter-Haversian lamella\

The internal ciicumferential laniell;v are fragmentary.

Type III, C.

LEKT FEMl'K OF A CHICAMA INDIAN. NO 2, U. S. NAT. MUS.

Pl. 26, Fig. 347. Syn. Tab. IX

Antero-posterior diameter of bone, 31 mm. ; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 13 mm. ; lateral, 13 mm.

The walls of the bone are thick. Medullary index, 22%.

Structure.—A wide horseshoe of lamellie, interrupted by Haversian systems

of the (la) differentiation surrounds the section. The central ring, composed

of large, small, and irregularly shaped Haversian systems, constitutes nearly
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all of the boue. A few senile systems appear. In the outer posterior wall

elongated systems occur. The Haversian systems generally are separated by

short lamellae with oval lacunae. The internal circumferential lamella;, of vary-

ing widths and irregularities, crossed by radiating canals and interrupted by

Haversian systems, surround the medullary canal.

Type I-III, la, C.

RIGHT FEMUR OF A CHICAMA VALLEY INDIAN OF PERU. NO. 3, LT. S. NAT. MUS.

Pl. 26, Fig. 348. Syn. Tab. IX

Antero-posterior diameter of bone, 27 mm. ; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 16 mm. ; lateral, 11 mm.
Medullary index, 35%.

Sfnicture.—The external circumferential lamellae are incomplete. The cen-

tral ring constitutes most all of the section and is composed of large, small, and

irregularly sliaped Haversian systems, between which are some inter-Haversian

lamellfP with oval lacuna\ The lamella' are most prominent in the anterior wall,

and liere the systems are somewhat elongated in cross-section.

The internal cii'cumferential lamell* are fragmentary.

Type I-III, C.

RIGHT FEMUR OF A CHICAMA INDIAN. NO. 1, U. S. NAT. MUS.

Pl. 26, Fid. 34;). Syn. Tab. IX

Antero-posterior diameter of bone, 26.5 mm. ; lateral, 31 mm.

Antero-posterior diameter of medullary canal, 11 mm.; lateral, 16 mm.

Medullary index, 27%.

Structure.—The external circumferential lamellae are fragmentary. The

central ring constitutes nearly all of the section and is composed of Haversian

systems, large, small, and irregular. In the outer wall they have a more or

less elongated shape arranged concentrically and sej)arated by short lamellfe

witli oval lacmup.

The posterior ridge is composed of Haversian systems with inter-Ha-

versian bone substance and oval lacuna;.

A ring of internal circumferential lamella' sun'oiuids the medullary canal.

Type III, C.

LEFT FEMIIR OK A I'HICAMA INDIAN. NO. 4, U. S. NAT. MUS.

Pl. 3(!, Fi(i. 350. Syn. 'J'am. IX

Antero-posterior diameter of bone, 30 mm.; lateral, 28 mm.

Antero-posterior diameter of medullary canal, 18 mm.; lateral, 16 mm.

Medullary index, 52%.
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Structure.—Beginning on tlie ontcr side of tlie posterior ridge is a wide

band of lamella- in which arc many Haversian systems. The band occupies

about one-half of the wall and is gradually displaced by Haversian systems in

the anterior wall. In the inner wall the continuation of the band is indicated

by concentric rows of elongated systems. Underneath the band is a central

ring of Haversian systems with senile changes. Many canals extend in all

directions in the two bands. The two bands taken together are the remains

of the horseshoe of lamellae so often present in the lower types of bone. The

posterior ridge is composed of small, irregularly shaped Haversian systems

with inter-Haversian lamellse.

A narrow band of internal circumferential lamellae surrounds the medullary

canal.

Type I-III, C, senile.

LEFT FEMUR OF AN ADOLESCENT CHICAMA INDIAN. NO. 7, U. S. NAT. MUS.

Pl. 27, Fifi. 351. Syn. Tab. TX

Antero-posterior diameter of l)one, 18.5 mm.; hiteral, 111 mm.

Antero-posterior diameter of ineduUary canal, 10.5 nun.; lateral, 9 mm.

Medullai'v index, 37%.

Stiucture.—The extei'nal circiunferential lamella-, interrupted by Haversian

systems surround tlie section. The central ring is composed of lamellae and Ha-

versian systems. In the anterior wall the toe of the shoe is for the most part

displaced by Haversian systems. A wide ring of internal circumferential la-

inelliB surrounds the medullary canal. In the inner wall the lamellfe become

laminae. The posterior ridge is composed of elongated Haversian s.ystems.

Tyi)e I-II-III, C.

* LEFT FEMUR OF A CHICAMA INDIAN. NO. 9, V. S. NAT. MUS.'

Syn. Tab. IX

Aiitcro-itosterior diainetcr ol' bone, L'L' mm.; lateral, 23.5 mm.

Aiitcro posterioi' diampjcr of iiiediillary canal, 11 iniii.; lateral, 11 nun.

M.'dullary index, 30%.

St met ure.- A horseshoe of lamella^, lamina\ and crude Haversian systems

surrounds the section. The toe of the shoe is luirrow and the heel wide.

The central ring is wide and composed of small and large irregularly shaped

llaveisiaii systems with short inter-Haversian lamelhe, numerous canals, and

spaces.

'Tlie femora marked (*) liave been described, but not drawn.
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The internal circumferential lamella; enclose the medullary canal. It is a

fairly wide band in the hitcral walls. The lacunae of tlie section are generally

oval.

Type I-II-III, la, C.

* RIGHT FEMUR OF AN ADULT PACHACAMAC INDIAN. NO. 14, U. S. NAT. MUS.

Syn. Tab. IX

Antero-posterior diameter of bone, L14 mm. ; lateral, 21 mm.

Antero-posterior diameter of meduUaiy canal, 14 mm.; lateral, 10 mm.

Medullary index, 38%.

Structure.—Slight evidences of the horseshoe band are present. The la-

mellae are most pronounced in the anterior wall where tliey form a fairly wide

band. In the lateral wall the lamelte are separated into lamina;, between which

are small Haversian systems of the (la) differentiation.

The eenti'al ring is composed of Haversian systems. In the outer and inner

wall inter-Haversian lamella> are ])resent. The internal circumferential lamellae

enclose the medullary canal. In the outer wall they expand iiitt) a wide crescent,

which is broken into irregularly shaped fragments by interrupting Haversian

systems. The lacuna^ are long, narrow, and oval.

Type I-II-III, la, C.

* RIGHT FEMUR OF A PACHACAMAC INDIAN. NO. 13, U. S. NAT. MUS.

Syn. Tab. IX

Antero-posterior diameter of bone, 16 mm.; lateral, 15 mm.

Antero-posterior diameter of medullary canal, 8 nnn. ; lateral, 7 mm.

Medullary index, 30%.

Structure.—The section is surrounded, with the exceptidii of tlie posterior

ridge, by a horseshoe band of lamina' in tiie outer aiui anterior wall and of

Haversian systems of the (la) differentiation in (he inner wall. The lamina"

are frequently jierforaled by snudl canals and in the anterior wall they sud-

denly widen and occupy tlie whole wall. As they approach the inner wall they

bend around the inner anterior angle and are then displaced by very crude

Haversian systems.

The central ring is rednced to a crescent in the onter wall. It is composed

of crude Haversian systems nnd lanielhe.

The posterior ridge is not distinguishable from the lateral wall and con-

sists of Haversian systems and short lainiiue having a direction parallel with

the external surface.
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The internal circumferential lamellfe surround the medullary canal. They

expand in both lateral walls into two wide crescents composed of wide lamellar

bands and crossed by numerous canals from the medullary surfaces. The

lacunae of all parts are oval.

Type II-III, la, C.

* LEFT FEMUR OF AN ADOLESCENT PACHACAMAC INDIAN. NO. 8, U. S. NAT. MUS.

Syn. Tab. IX

Anteroposterior diameter of bone, 22.5 mm.; lateral, 18 mm.

Antero-posterior diameter of medullary canal, 9 mm. ; lateral, 7 mm.

Medullary index, 19%.

Structure.-—The remains of the external horseshoe of lamellae are evident.

In this section the lamellae are separated into laminae which are interrupted by

frequent Haversian systems.

The central ring is wide and composed of well developed Haversian sys-

tems with very little inter-Haversian lamelhp. There are many canals running

in various directions.

A narrow ring of internal circumferential lamelhi' encloses the medullary

canal. The lacunae are oval and round.

Type II-III, C.

* RIGHT FEMUR OF A PACHACAMAC INDIAN CHILD. NO. 11, U. S. NAT. MUS.

Syn. Tab. IX

Antero-posterior diameter of bone, 10 mm. ; lateral, 9 mm.

Antero-posterior diameter of medullary canal, 7 mm.; lateral, 6.5 mm.

Medullary index, 100%.

Structure.—The section is composed of lamellae and laminae in the form

of a horseshoe embracing the posterior ridge. The slioe is crossed by canals

and interrupted by Haversian systems which are developing from the vascular

canals. The lacuna; are oval and round. The posterior ridge is composed of

developing Haversian systems, between wliich are coarse canaliculi and large,

round lacunae embedded in bone substance. The ridge is distinctly marked off

from the enclosing lamina?.

Type II-III, la, lb.

LEFT FEMUR UF A PACHACAMAC INDIAN CHILD. NO. 12, V. S. NAT. MUS.

Pi,. 27. Fi(i. 857. Syn. Tab. JX

Antero posterior diameter of bone, lU mm.; lateral, 12.5 mm.
Antero-posterior diameter of medullary canal, 7 nnn.; lateral, 7.5 mm.
Medullary index, 72%.
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Structure.—With the exception of the posterior ridge the section is sur-

rounded by a band of laminae and Haversian systems. In the outer wall the

laminfe are perforated by small longitudinal canals.

The central ring- forms nearly all of the inner wall and little or none of

the outer wall. It is composed of crude Haversian systems. The systems are

irregular in shape with oval lacunae.

The posterior ridge has blended with the lateral walls and is composed of

crude Haversian systems. Tlie lacuniB are oval.

The internal circumferential lamellae enclose the medullary canal.

Type II-III, lb.

* BIGHT FEMUR OF AN ADULT PACHACAMAC INDIAN. NO. 10, U. S. NAT. MUS.

Syn. Tab. IX

Antero-posterior diameter of bone, 21.5 mm. ; lateral, 20 mm.

Anteroposterior diameter of medullary canal, 10.5 mm.; lateral, 8.5 mm.

Medullary index, 23%.

Structure.—The horseshoe l)and around the section is evident. It is com-

posed of a lamellar background, most pronounced in the inner and anterior wall,

interrupted by numerous irregularly shaped Haversian systems.

The central ring is composed of Haversian systems.

The medullary canal is enclosed by internal circumferential lamellfe which

expand into a crescent in the inner wall. It is crossed by radiating canals and

interrupted by scattering Haversian systems. The lacunae are oval.

Type I-III, la, C.

* LEFT FEMUR OF A PACHACAMAC INDIAN. NO. 5, U. S. NAT. MUS.

Syn. Tab. IX

Antero-posterior diameter of l)one, 20 mm.; lateral, 21 mm.

Antero-posterior diameter of nu'dullaiy cimal, 11 mm.; lateral, !) mm.

Medullary index, 31%.

The bone is adolescent.

Structure. The section is suiToimded by extci'iial circumferenlial lamelhe.

Many canals enter the section from the external sui-face. Here and there an

Haversian system appears. Tlie hicun:e are oval iiiid round.

The central ring is composed of shoi-t lamella' and irregularly shaped

Haversian systems which are still undeveloped. Tlu'ir lacuuiv are oval and

round.
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The internal circumferential lamellae surround the medullary canal. In the

outer wall the lamellae take the form of a crescent which occupies half of the

width of the wall. Near the anterior wall the lamellae of the crescent cross the

medullary canal as a narrow band. The crescent is interrupted by a few Ha-

versian systems. The lacunae are long and narrow.

Type I-III, la, C.

EIGHT FBMUK OF A PACHACAMAC INDIAN. NO. 15, V. S. NAT. MUS.

Pl. 27, Fig. 360. Syn. Tab. IX

Antero-posterior diameter of bone, 24 mm. ; lateral, 20 mm.

Antero-posterior diameter of medullary canal, 12 mm. ; lateral, 9 mm.

Medullary index, 27%.

Structure.—The section is surrounded, witli the exception of the posterior

ridge, by a horseshoe of lamellae and Haversian systems of the (la) and (C)

differentiations. The shoe becomes narrowest at the junction of the anterior

and outer wall where it is displaced by a wide expansion of the internal lamellae.

The central ring, irregular in width, is composed of Haversian systems and

inter-Haversian lamellae.

The internal circumferential lamelte form a wide, irregular ring around

the medullary canal.

In the outer wall it expands into a wide crescent composed of lamellae

indistinctly separated into laminir.

The lacunte are oval.

Type I-III, la, C.

LEFT FEMUR OK AN ADOLESCENT PACHACAMAC INDIAN. NO. 7, U. S. NAT. MUS.

Pl. 27, Fig. oGI. Syn. Tab. IX

Antero-posterior diameter of bone, 20.5 mm.; lateral, 18.5 mm.

Antero-posterior diameter of medullary canal, 9 mm.; lateral, 7 mm.

The bone is adolescent. Medullary index, 20%.

St nut tire.—Tlie section is surrounded by external circumferential lamellae,

wliicli are \ery t'requentl\ iiilci riiptcd by siuidl, cni<lf Haversian systems. In

the ))osteri()r rid^c the lamella' are deticient.

The central riiii; is wide ami composed (if IiTegularly shaped Haversian

systems, cross canals, anti short inler-Haversian lamelhp witii oval lac-nna'. The

intenial circumferential lamella' enclose the metlullary canal. In the outer wall

they assume the form of a (^-escent and are crossed by frequent radiating canals.

Type I III, C.
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RIGHT FEMUR OF A JAPANESE MALE. NO. 245, CR. MEU. COLL.

Pl. 27, Fi(!. 363. Syn. Tab. IX

Antero-posterior diameter of bone, 30 mm. ; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 20 mm.; lateral, 18 ram.

The medullary canal is full. Medullary index, 657c)-

Structure.—The external circumferential lamellae form an enclosing ring of

various widths. It is widest in the anterior and inner wall, and is interrupted

by Haversian canals of the (la) differentiation. The central ring is composed

of Haversian systems, large and small, interrupted by irregularly shaped areas

of lamellfe. Numerous vascular canals occur, and some senile systems appear.

The internal circumferential lamella,' form a fragmentary ring around the med-

ullary canal.

Type I-III, la, C, senile.

XTV. MAN—ANCIENT EGYPTIAN

Nine femora were examined.

General Character of the Femur

The Egyptian femora were taken from the cemeteries of Egypt of the

Twelfth Dynasty (2000 B. C). The series includes the femora of the child,

adolescent, and adult.

The femora are rather small in size and variable in shape.

The medullary surface is less corrugated than it is in modern white bones.

The medullary index varies from 27% to 111%, with an average of 39.5%.

The type varies from a third to a second and third, or first and third,

depending \n»m tlie age in years. The femur of a child about one year old

shows the formation of Haversian systems directly from the circulation. It is

the only femur examined wliich shows such an origin (figs. 3(i3 and 3(i3a, pl. 27).

This formation of the IIa\ersian system is especially interesting.

DE'rAii.ED Examination

femur of AN E(iYPTL\N Cllll.li, n.Nl.; VKAIi (il>li. NO. 25G47;i
(
<lt' )

LT. S. NAT. MUS.

!'[.. .'';, Fill. .')<i:i. sv\. 'r All. i.\

Antero-posterior diameter of hone, !• miu.; hitcial, 11.') iimi.

Antero-posterior diameter of iiieduihiry canal, 7 mm.; lateial, S uiin.

The medullary canal is full. iMcdiilhuy index, 111%.

Structure.—The section siiows three concentric, parallel groups of blood

vessels. One group is near the external surface (fig. 363D), a second occupies
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the middle of the wall (fig. 363E), and the third is noai' the medullary canal

(fig. 363F). From these groups of vessels small branches originate, and from

the branches intricate plexuses of minute vessels are formed and occupy the

intervals between the groups of large vessels. The posterior w^all is composed,

almost entirely, of plexuses of blood vessels and a little bone substance with a

few oval lacunae between them. Figure 363a is an enlarged drawing of figure

363A. In this bone may be seen an Haversian system formation unlike any

noticed in other femora. A short branch is given off from one of the large

concentric vessels (figs. 363-1 and 363al) and divides into small branches, which

assume a circular arrangement (fig. 363a2). The small branches send off numer-

ous twigs which break into capillaries and surround a central opening (fig.

363a3). This gives the whole figure a circular form. Slight enlargements of

the peripheral capillaries are nipped oft" at intervals, from which arise many

minute canals (fig. 363a4). The enlargements become lacunae and the minute

canals canaliculi (fig. 363a5). The lacuna? are round and tlie canaliculi are long

and straight.

From this it would appear that the foundations of Haversian systems are

laiil in tlie vascular system. Osteoblasts either lodge in the capillaries or are

produced by endothelium, and by growth and obstruction to the circulation,

separate, throw out processes, and secrete bone substance in which they are

enclosed. In this manner an Haversian system seems to be formed. These

developments take place in the concentric intervals or rings between the con-

centric groups of vessels and transform them into bone (fig. 363B). In this

femur the intervals between the three vascular groups are occupied by Ha-

versian systems. At quite regular intervals large, irregularly shaped spaces

occur, the significance of which does not appear (fig. 363C). Although this bone

presents great vascularity, yet it is hard enough to be sawed. Around the

external and medullary surfaces the bone formation is farther advance<l. La-

melhe are beginning to be evident in these regions.

Type III, la, lb.

FEMUR OF AN E(iVPTIAN CHILD. NO. 125(547!) (d ) , U. S. NAT. MUS.

Fl. 37, Fid. ;!(M. Syn. Tah. IX

Antero-posterior diameter of bone, W.5 nnn.; lateral, 10 mm.

Anteroposterior diametei- of medullary canal, 4 mm.; latei'al, 5 mm.

The medullary canal is full. Medullary index, "IT^/o.

Structure.—The bone is nearly round. The posterior ridge is coarsely

serrat(j<l on its cxtci-iia! sui't'acc. The seiTations consist of jjrojecting Ioojjs of

lamellae, enclosing long, elliptical canals and jircsenting the appearance of rather

crude Haversian systems. Underneath the serrated border the ridge is com-

posed of bone substance enclosing more or less circularly shaped spaces. Some
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of these spaces aiul lamelke present outlines of crude Haversian systems. The

lacunae are round and oval and the canaliculi are sliort and bushy. Beginning

on one side of the posterior ridge and extending around the external surface

of the bone to the opposite side are a few rather coarse laminse with undulating

borders, frequently interrupted by small Haversian systems formed by bending

lamellae of the laminfE around the central canals. The systems are elliptical.

Under the external laminfe the bone is composed of channelled bone substance,

with large meshes visible to the naked eye and having a concentric horseshoe

arrangement. Underneath this is a narrow concentric lamina with long lacunae,

and under this again is a wide ring of channelled bone substance resembling

the external one, but rather more advanced. Around the medullary canal is a

very narrow ring of lamella:'. The arrangement of the several rings of thin bone

correspond to the groups of vessels and inter-vascular structures seen in figure

363, and appears to be a more complete formation.

Type I-II-III, la, lb.

EIGHT FEMUR OF AN EGYPTIAN. NO. 25647!) (a3), U. S. NAT. MUS.

Pl. 37, Fig. 365. Syn. Tab. IX

Anteroposterior diameter of bone, 12 mm. ; lateral, 12.5 mm.

Antero-posterior diameter of medullary canal, 5.5 mm. ; lateral, 7 mm.

The medullary canal is full. Medullary index, 35%.

This femur belongs to the same series and shows a further advancement,

since the cancellous structure lias disappeared and a compact bone has taken

its place.

Structure.—The [)osterior ridge is composed of Havei-sian systems and

vascular canals. Tlieir lacunae are narrow and tlieir canaliculi are long.

Beginning on one side of the posterior ridge and extending around the

section to the other side is a horseshoe band of lamella? of varying widths. It

is widest in the posterior wall and remains of uniform width in other situations.

The lamellae are interrupted by Haversian systeins of tlie (la) differentiation.

Underneath the lamellar band is the middle ring of Haversian systems and

inter-Haversian lamellfP. Around the medullary canal is a wide band of lamellae

with long lacuna; and straight canaliculi. This bone is more lamellar than Ha-

versian system, but it shows a much more advanced stage of formation than

those preceding. The completed units have appeared.

Type I-III, la, C.

FEMUR OF AN EGYPTIAN. NO. 258675(a), U. S. NAT. MUS.

Pl. 37, Pig. 366. Syn. Tab. IX

Antero-posterior diameter of bone, 18 mm. ; lateral, 16.5 mm.

Antero-posterior diameter of medullary canal, 10 mm.; lateral, 9 mm.
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The hone helongs to tlie same series as tlie foregoini"-.

The medullary canal is full. Medullary index, 44%.

Sfnictiire.—The section is composed of wide extei'nal and internal lainelUc

with a central ring of Haversian systems. Tlie enclosing horseshoe-shaped

hand of lamelte is clearly marked. It is fairly uniform in width, and inter-

rupted by crude Haversian systems of the (la) differentiation. Around the

medullary canal is a wide ring of lamellae of varying widths. It is widest in

the inner wall and interrupted by a few incomplete Haversian systems. Be-

tween these two bands of lamellae is a narrow middle ring of Haversian sys-

tems and inter-Haversian lamellae. The lacuna? are oval and long and their

canaliculi are long.

Type I-III, la, C.

RIGHT FEMUR OF AN ADULT EGYPTIAN. NO. 1256481(d), U. S. NAT. MUS.

Pl. 28. Fig. 3G7. Syn. Tab. IX

Antero-posterior diameter of bone, 18.5 mm.; lateral, 17.5 mm.

Antero-posterior diameter of medullary canal, 9 nun. ; lateral, 8 mm.
Tlie medullary canal is full. Medullary index, 28%.

Structure.—The bone is surrounded by a lamellar ring, within which are a

few Haversian systems of the (la) and (C) differentiations. The ring is sep-

arated by concentric canals into lamina>.

The medullary canal is surrouiuled by a wide band of lamella} with long

lacunae and straight canaliculi, which in the inner wall rather abruptly widens

into a semicircular area of lamina^ occupying nearly the wliole thickness of tlie

wall, "^riic huniiia' arc iiiteiTiiptcd li.\' nuincrous MaN'crsiaii systems of the (la)

differentiation. Between these two liaiids is an irregularly shaped central ring

of Haversian syslenis and iulei' IIa\ crsian lamella'. 'I'lic lacuna- are long and

narrow and their canaliculi are long.

Type I-II-III, la, C.

LKFI' 1'KMIM; OI'" AN ADULT EGYI'TIAN. NO. 125648 1 ( M ) , V. S. N.AT. MUS.

Pl. 28. Fig. 3(58. Syn\ Tah. IX

Anteroposterior diameter of bone, 18 mm.; lateral, 16 mm.

Antero-posterior diameter of medullary canal, 8 mm.; lateral, 7 mm.

The medullary canal is full. Medullary index, 24%.

The bone is very hard and brittle instead of chalky like the other femora

described. It is small and nearly round.

Structure.—The posterior ridge, which is not very prominent, is composed

of well developed Haversian systems.
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Begiuniug on either side of tliis ridge and extending completely around the

bone is a very wide horseshoe-shaped band of lamella! with long lacunae and

straight canaliculi. It forms more than half the thiekness of the wall of the

hone. It is perforated at frequent intervals by irregularly shaped spaces or

openings, surrounded by vei'y narrow rims of lamella;. The openings are more

numerous in the inner wall where they take a concentric ari'angement. Between

the openings are Haversian systems which are wide apart in the inner and close

together in the outer wall. The lamellae are clearly marked, their lacunae are

long and oval and the canaliculi are very numerous, long, and branching. The

Haversian systems are well developed.

This wide lamellar band is distinctly distinguislie<l from tlie narrow, cen-

tral ring of Haversian systems underneath. The systems are somewhat irregu-

lar in shape, but well developed. In all of them the canaliculi are extremely

numerous. The internal circumferential lamelhc surround the medullary canal.

They form a thick band in the inner wall, a narrower band in the outer, and

a narrow rim in the anterior and posterior wall.

The bone, therefore, has three concentric rings in section, an extremely

wide lamellar ring over lialf the thickness, a narrow central Haversian ring

one-fourth the thickness, and an irregular ring of internal circumferential

lamellte.

Type I-III, lb, C, senile.

RIGHT FEMUR OF AN ANCIENT EGYPTIAN. NO. 258675(e), XT. s. NAT. MUS.

I'L. 28, Fig. 369. Syn. Tab. IX

Antero-posterior diametei' of bone, 26 mm.; lateral, 21.5 nun.

Antero-posterior diameter of medullary canal, 14 mm.; lateral, 10 mm.

The medullary canal is full. Medullary index, 44%.

The bone is cliaiky. The femur is pear-sliaped in ci'oss section.

Structure.—The postei'ior ridge is composed of large, uniformly developed

Haversian systems and large, vascular canals surrounded by a few concentric

lamellae.

Beginning on both sides of the ridge and extending around the secticm is

a wide horseslioe of lamelh-c with long lacunae and straight canaliculi, frequently

interrupted by Haversian systems. The toe of the shoe forms nearly all of the

anterior, and the heel, half of the posterior wall. The lacunae are long, nar-

row and oval and their canaliculi are long and closely branching. Underneath

the horseshoe, between it and the internal circumferential lamella?, is an irregu-

larly shaped crescent of Haversian systems situated eccentrically.

The internal circumferential lamella surround the medullary canal.

In the inner wall the internal lamellae widen abruptly and occupy one

third of the width of the wall. In the anterior, outer, and posterior wall they
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form a narrow band around tlie medullary canal. The lacunae and canaliculi

are well developed.

Type I-III, C.

FEMUK OF AN ADULT EGYPTIAN. NO. 256478(23), U. S. NAT. MUS.

Pl. 28, Fig. 370. Syn. Tab. IX

Antero-posterior diameter of bone, 24 mm. ; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 10 mm. ; lateral, 10 mm.
The bone is chalky.

The medullary canal is full. Medullary index, 16%.

Structure.—The external circumferential lamellfe surround the bone. Their

lacuna are long and narrow and their canaliculi are long and branching.

The central ring, of well developed Haversian systems, forms nearly the

whole thickness of the wall of the bone. The systems are close together, which

means that there are little or no inter-Haversian lamellae, and they are generally

large and uniform in size and shape. Their lacunae are long and narrow and

their canaliculi are long and branching, or the lacunae may be oval and their

canaliculi short and bushy.

The internal circumferential lamella' surround the medullary canal. The

ring varies in thickness.

Type III, C.

right femur of AN ADULT EGYPTIAN. NO. 2.56478(x), U. S. NAT. MUS.

Vh. 2S. Fjg. 311. Syn. Tah. IX

Antero-posterior diameter of bono, 2."I iiiiii.; lateral, 27 iiitn.

Antero posterior diameter of medullary canal, 12 mm.; latci'al, 11 mm.

The femur is small. The medullary canal is full. Medullary index, 27%.

Structure.—The external circumferential lamella' are fragmentary. Be-

ginning on the inner side of the posterior ridge and extending around the

external surface of the inner lateral wall is a band of lamellae enclosing Ha-

versian systems. As the band reaches the mid-lateral wall it is displaced by

Haversian systems. In the inner anterior wall concentric systems and lamella'

alternate. The remaining portion of the section is composed of Haversian sys-

tems somewhat irregular in shape and size. The lacuniB are oval in some places

and narrow in others, the oval predominating. The external part of the pos-

terior ridge is composed of large, oval lacunae with bushy canaliculi.

The internal circumferential lamellae are fragmentary. The evidence of the

lamellar horseshoe is present to a small extent as a background in the inner

wall, while the section is nearly all Haversian systems.

Type I-III, C.
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XV. MAN—MODERN WHITE

General Character of the P'emur

The femora of the white race vary in shape to a marked degree. The med-

ullary canals occupy central, eccentric, and oblicjue positions. They are filled

with cancellous bone and marrow. The medullary surfaces are verj^ uneven.

The average medullary index is 35.8%.

The type of structure varies from the third to the first and third. A great

many first and third type combinations are found in the various femora, and

the proportions of the first to the third type vary greatly. In some, it forms

a narrow surrounding band ; in others, the band increases in thickness until it

forms a quarter, third, half, or more than half of the wliole section; in still

others, it remains as a background of inter-Haversian lamellae.

Detailed Examination

femuk of a white male, no. 1629, u. s. nat. mus.

Pl. 28, Fig. 373. Stn. Tab. X

Antero-posterior diameter of bone, 28 mm. ; lateral, 28 mm.

Antero-posterior diameter of medullary canal, 18 mm.; lateral, 17 mm.

The medullary canal is full. Medullary index, 64%.

Structure.—The external circumferential lamellfe form a very narrow ring-

around the section. Beginning a little to the inner side of the posterior ridge

and extending around the inner wall, beneath the external circumferential la-

mellae, is a narrow band of elliptical Haversian systems in cross-section. They

disappear as they approach tJie anterior wall. These structures are the re-

mains of the lamellfp and laminae seen so frequently in lower bones in the

same situation. Tlie middle ring of the section is composed of well developed

Haversian systems witli many communicating canals. The medullarj^ canal is

surrounded by a narrow ring of internal circumferential lamellas. The lacunae

and canaliculi are generally well developed.

Type III, C.

right femur of a white female. no. 147, MED. DEPT. NORTHWESTERN UNIV.

Pl. 28, Fig. 373. Stn. Tab. X

Antero-posterior diameter of bone, 33.5 mm. ; lateral, 32 mm.

Antero-posterior diameter of medullary canal, 19 mm.; lateral, 18.5 mm.

The medullary canal is surrounded by cancellous bone and is full. Medul-

lary index, 49%.

13
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Structure.—External circumferential lamellae appear only in scattered frag-

ments. They are most pronounced in the posterior inner wall. The centi-al ring

of well develoijed Haversian systems constitutes practically the whole bone. In

most parts they form the external border directly under the periosteum, and

here and there a half system bounds the section. The systems are fairly uni-

form in size and circular in cross-section. Many of these have relatively large

Haversian canals and show slight senile changes. The Haversian canals fre

quently communicate by cross canals. On the two sides of the posterior ridge,

near the circumference, they are a little elongated and show faint traces of a

former laminar condition.

The internal circumferential lamellis form a narrow ring around the medul-

lary canal. For the most part the lamellae assume the form of cancellous bone.

All bone units are well developed.

Type III, C, senile.

RIGHT FEMUR OF A WHITE CHILD, LESS THAN ONE YEAR OLD. NO. 249588,

U. S. NAT. MUS.

Pl. 29, Fig. 374. Syn. Tab. X

Antero-posterior diameter of bone, 6.5 mm. ; lateral, 7.5 mm.

Antero-posterior diameter of medullary canal, 4 mm. ; lateral, 5 mm.

Tlie medullary canal is full. Medullary index, 70%.

Structure.—Extending around the circumference of the section—posterior

ridge excepted—is a narrow ring of lamellfE with oval lacunfe and bushy cana-

liculi. The lamellae are frequently interrupted by canals running longitudinally.

Beginning on both sides of the posterior ridge and extending around the

section underneath tlie external lamellfe is a horseshoe band of laminae and

Haversian systems forming the remainder of the bone. The inner wall is almost

entirelj" lamina?. As the laminae reach the anterior wall they are mostly dis-

placed by rather crude, elongated Haversian systems, which, however, generally

maintain concentric arrangements. In the outer wall the Haversian systems

occupy the medullary half and the laminas the circumferential half of the sec-

tion. The lacuna^ are oval. The Haversian canals are irregular in shape and

extend in various directions. The internal circumferential lamellae are frag-

mentary.

The posterior ridge is incompletely formed and is composed of large canals,

surrounded by oval lacuna? with infrequent bordering canaliculi. Here and

there an Haversian system appears. The ridge is obviously a later formation

than the remaining walls.

Type II-III, la, lb.
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FEMUR OF A WHITE MALE. NO. 53, CR. MED. COLL.

Pl. 29, Fig. 375. Syn. Tab. X

Antero-posterior diameter of bone, 28 mm.; lateral, 30 mm.
Antero-posterior diameter of medullary eamd, Ki mm.; lateral, 17 mm.
Cancellous bone surrounds the medullary canal and is most prominent in

the anterior wall. The medullary canal is full. Medullary index, 48%.

Structure.—The external circumferential lamella; surround the bone at

scattered intervals. Their lacunae are long and narrow and their canaliculi

are long. The central ring, constituting nearly the entire thickness of the wall

of the bone, is composed of Haversian systems, which, in places, form the

external boundary of the bone. At some points in the periphery, only half or

three-quarter systems appear directly under the periosteum. The systems vary

in size, but are highly developed. Their lacuna; are long and narrow and their

canaliculi are long. The Haversian canals intercommunicate. The internal

circumferential lamellae surround the medullary canal in the form of cancellous

bone.

Type III, C.

RIGHT FEMUR OF A WHITE M.ALE. NO. 171, MED. DEPT. NORTHWESTERN UNIV.

Pl. 29. Fig. 376. Syn. Tab. X

Antero-posterior diameter of bone, 30 mm. ; lateral, 33 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 15 mm.

The medullary canal is full. JMedullary index, 35%.

Structure.—The external circumferential lamellae appear in fragments.

The section is composed almost entirely of Haversian systems with very

little inter-Haversian lamellar structure. The systems vary in size and some

of them show senile changes.

The internal circumferential lamella; form a very narrow ring around the

nledullary-^canal. The bone is high in development, since practically all lamellar

and laminar formations have disappeared and Haversian systems have taken

their places. It shows, liowever, senile changes.

Type III, C, senile.

LEFT FEMUR OF A WHITE MAN. NO. 95, CR. MED. COLL.

Pl. 39, Pig. 377. Syn. Tab. X

Antero-posterior diameter of bone, 30 mm. ; lateral, 27.5 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 16 mm.

The medullary canal is full. Medullary index, 42%.
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Structure.—The external circumferential lamella appear in fragments.

The central ring is composed of Haversian systems and constitutes almost the

entire wall of the bone. Many systems are senile. They reach the external

surface between the lamellar fragTuents and form the posterior ridge. They are

large, small, and irregular in shape and frequently communicate by canals.

Their lacnnic are narrow and oval. Around the internal circumferential lamella"

the systems show senile changes. There is very little inter-Haversian structure.

Tlie internal circumferential lamellae form a very narrow ring around the

medullary canal.

Type III, C, senile.

LEFT FEMUR OF A WHITE MALE. NO. 96, CR. MED. COLL.

Pl. 29, Fig. 378. Syn. Tab. X

Antero-posterior diameter of bone, 29.5 mm.; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 14.5 mm.; lateral, 12 mm.

The medullary canal is full. ^Medullary index, 24%.

Structure.—A few fragments of the external circumferential lamella? ap-

pear here and there around the surface of the bone. The central ring of Ha-

versian systems constitutes almost entirely the whole section.

There are some inter-Haversian lamellae which are the remains of the

laminar and lamellar structures seen in lower bones. The systems are large,

small, and irregular in shape and frequently communicate by canals. Some of

them show senile changes. On the whole, they are well developed.

The internal circumferential lamellae form a very narrow, irregular ring

around the medullary canal. It is displaced at intervals by Haversian systems

of the central ring.

Type III, C, senile.

LEFT FEMUR OF A WHITE MALE, AGE 45. NO. 168, MED. DEPT. NORTHWESTERN UNIV.

Pl. 29, Fig. 379. Syn. Tab. X

Antero-posterior diameter of bone, 30 mm.; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 15 mm.; lateral, 17 mm.

The medullary canal is full. Medullary index, 40%.

Structure.—The external circumferential lamellae are fragmentary. The

central ring is composed of large, small, and irregularly shaped Haversian

systems, many of which show senile changes. The internal circumferential

lamellae form a narrow fragmentary ring around the medullary canal.

Type III, C, senile.
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LEFT FEMUR OF A WHITE MALE, AGE 50. NO. 10, MED. DEPT. NORTHWESTERN X'NIV.

Pl. 29, Fig. 380. Syn. Tab. X

Antero-posterior diameter of boue, 30 mm.; lateral, 31.5 mm.
Antero-posterior diameter of medullary canal, 13 mm.; lateral, 12 mm.
The medullary canal is full. Medullary index, 20%.

Structure.—The external circumferential lamellae appear only in short frag-

ments. The central ring is composed of large, small, and irregular Haversian

systems with many senile changes. The internal circumferential lamellae form
a narrow ring around the medullary canal.

Type III, C, senile.

FEMUR OF A SENILE WHITE AMERICAN FEMALE, AGE 52. NO. 227876, U. S. NAT. MUS.

Pl. 29, Pig. 381. Syn. Tab. X

Antero-posterior diameter of bone, 22 mm. ; lateral, 25 mm.
Antero-posterior diameter of medullary canal, 13.5 mm.; lateral, 12 mm.
The medullary canal is full. Medullary index, 42%.

There is a difference of eight years between tlie senile femora of figures 381

and 382. Tlie two femora have about the same external diameter, but figure 381

has an index of 42%, and figure 382, 74%.

Structure.—Femur (fig. 381) is of a slightly luwer type of structure than

figure 382. This may be seen by the concentric arrangement of the oblong Ha-

versian systems of tlie inner wall. The external circumferential lamellae are

fragmentary. The central ring is composed of large and small Haversian sys-

tems in different stages of senility. A few are normal; that is, their Haversian

canals are about the usual size. Some have large Haversian canals and crescent-

shaped lamelte; some have large canals and narrow rings of granular lamellae;

some have large canals and perfectly black, opaque rings or crescents around

tlieni; and some are entirely gone.

The internal circumferential lamellfP are fragmentary.

Type III, C, senile.

FEMUR Ol'' A SENILE WHl'l'E FEMALE, AGE 60. NO. 227880, V. S. NAT. MUS.

Pl. 2:1, Fig. 382. Syn. Tab. X

Antero-posterloi' diainetcr of bone, 24 nniL ; hderal, 25 nun.

Antero-posterior diamett'i- of medullary canal, 16 mm.; lateral, 16 mm.

Cancellous bone is present in places. Tlie bone is extremely soft, light, and

lliin walled. The medullary canal is relatively large. In tlie wall of the bone

are large, irregularly shaped spaces.

The medullary canal is full. Medullary index, 74%.
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Structure.—The external circumferential lamellae are fragmentary. The

central ring is composed of large, small, and irregularly shaped Haversian sys-

tems, most of which sliow marked degrees of senility. Some are black and

partly gone and others liave entirely disappeared, leaving spaces. The internal

circumferential lamella? are fragmentary, appearing only here and there.

Type III, C, senile.

LEFT FEMUR OF A WHITE MALE. NO. 162, MED. DEPT. NOETHWESTEBN UNIV.

Pl. 30, Fig. 384. Syn. Tab. X

Antero-posterior diameter of hone, 25 mm. ; lateral, 29 mm.

Antero-posterior diameter of medullary canal, 13 mm. ; lateral, 15 mm.

The medullaiy canal is full. Medullary index, 35%.

Structure.—The external circumferential lamellae are fragmeutarj'.

The central ring is composed of Haversian systems of various shapes and

sizes with round and oval lacunte and bushy and straight canalieuli, many of

which are senile.

The internal circumferential lamellae with long, narrow lacuns" and straight

canalieuli surround the medullary canal.

Type III, C, senile.

EIGHT FEMUK OF A WHITE MALE. NO. 244, CR. MED. COLL.

Pl. 30, Fig. 385. Syn. Tab. X

Antero-posterior diameter of bone, 35 mm.; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 17 mm. ; lateral, 15 mm.

The medullary canal is full. Medullary index, 32%.

Structure.—Slight remains of the lamellar horseshoe are found on both

sides of the posterior ridge.

The external circumferential lamellje are fragmentary.

The central ring constitutes most all of the section, and is composed of

Haversian systems with many senile changes.

The internal ciivuinferential lamellae fmiu a narrow fragmentary ring

around the medullary canal.

Type III, C, senile.

RIGHT FEMUR OK AN EAST INDIAN. NO. 223, CB. MED. COIA,.

Pl. 30, Pig. 386. Syn. Tab. X

Antero-posterior diameter of bone, 29 mm.; lateral, 24 mm.

Antero-posterior diameter of medullary canal, 16 miiL ; lateral, 12 mm.

The medullary canal is full. Medullary index, 38%.
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Structure.—External circumferential lamella? surround the section. In the

inner and anterior wall they are interrupted by crude Haversian systems of

the (la) differentiation.

The central ring is composed of large, small, aiul irregularly shaped, well

developed Haversian systems. Here and there a few, short, inter-Haversian

lamelte appear. Some of the systems are senile. But, on the whole, the Ha-

versian systems are strong and well developed.

The internal circumferential lamella; form a narrow ring around the medul-

lary canal.

Type III, la, C.

LEFT FEMUR OF AN EAST INDIAN. NO. 223, CR. MED. COLL.

Pl. 30, Fig. 387. Syn. Tab. X

The leg had been amputated below the knee and the femur had not exercised

its normal function for years.

Antero-posterior diameter of bone, 28 mm. ; lateral, 22 mm.

Antero-posterior diameter of medullary canal, 17 mm. ; lateral, 12 mm.

The medullary canal is full. Medullary index, 49%.

Structure.—The section is surrounded by external circumferential lamellae,

thinnest in the anterior wall. The lamellae are interrujited by crude Haversian

systems of the (la) differentiation.

The central ring is composed of large, small, and irregularly shaped Ha-

versian systems, showing senile changes which are most numerous around the

medullary canal.

Internal circumferential lamellae form a narrow ring around the medullary

canal.

Type III, la, C, senile.

A comparison of the two foregoing femora shows that the femur of the

amputated leg is smaller than the other, the index is higher, the wall of the

bone is thinner, and senile changes are more marked.

RIGHT FEMUR OF A WHITE MALE, AGE 55. NO. 228479, U. S. NAT. MUS.

Pl. 30, Fig. 388. Syn. Tab. X

Antero-posterior diameter of bone, 32 nun. ; lateral, 28 mm.

Antero-posterior diameter of medullary canal, 14 uini.; lateral, 17 mm.

Tlie medullary canal is full. Medullary index, 36%. There is considerable

cancellous bone.

Structure.—-The external circumferential lamella are fragmentary and

sho^\' the remains of the lamellar or laminar horseshoe.
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The central ring constitutes almost the whole thickness of the walls and is

composed of Haversian systems with some inter-Haversian lamellae. The sys-

tems are large, small, and irregnlar, and show some senile changes. There are

very few cross canals. Their lacunae are oval and narrow.

The internal circumferential lamellse form a narrow ring around the medul-

lary canal and in the anterior wall assume the form of cancellous bone.

Type III, C, senile.

RIGHT FEMUK OF A WHITE MALE, AGE 45. NO. 154, MED. DEFT. NORTHWESTERN UNIV.

Pl. 30, Fig. 389. Syn. Tab. X

Antero-posterior diameter of bone, 30 mm. ; lateral, 29 mm.
Antero-posterior diameter of medullary canal, 15 mm. ; lateral, 14 mm.

The medullary canal is full. Medullary index, 26%.

Structure.—The external circumferential lamellae are fragmentary. The

central ring is composed of Haversian systems, which, in tlie inner wall, alter-

nate with concentric laminae. Many systems are senile.

The internal circumferential lamellae form a narrow ring around the medul-

lary canal.

Type III, C, senile.

LEFT FEMUR OF A WHITE MALE. NO. 146, MED. DEFT. NORTHWESTERN UNIV.

PL. 30, Fig. 390. Syn. Tab. X

Antero-posterior diameter of bone, 28 mm.; lateral, 24 mm.

Antero-posterior diameter of medullary canal, 13 mm. ; lateral, 10 mm.

The medullary canal is full. Medullary index, 24%.

Structure.—The external circumferential lamelte are fragmentary. Half

systems frequently occur on the external border of the section. The central

ring forms practically all of the bone and is composed of irregularly shaped

Haversian systems. Senile changes are marked. The lacunas are oval and long

and the canaliculi are bushy and straight. The internal circumferential lamellae

are fragmentary.

Type III, C, senile.

LEFT FEMUK OF A WHITE MALE, ACK GO. NO. 159, MED. UEF'i'. NORTHWESTERN UNIV.

I'L. 30, KiG. 391. Syn. Tab. X

Antero-posterior diameter of bone, 32 aim.; lateral, 31.5 mm.

Antero-posterior diameter of medullary canal, 17.5 mm.; lateral, 18 nnn.

The medullary canal is full. Medullary index, 45%..

Structure.—The external circumferential lamellae are fragmentary. The

central ring is composed of Haversian systems showing many senile elianges.
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The internal circumferential l-amellse form a narrow ring around the medullary

canal.

Type III, C, senile.

EIGHT FEMUR OF A WHITE MALE. NO. 167, MED. DEPT. NORTHWESTERN UNIV.

Pl. 30, Fig. 392. Syn. Tab. X

Antero-posterior diameter of bone, 27 mm. ; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 14 mm. ; lateral, 11 mm.

The medullary canal is full. Medullary index, 30%.

Structure.—The external circumferential lamellfe are fragmentary. For

the most part, Haversian systems form the external boundary of the section.

The central ring is composed of Haversian systems and inter-Haversian lameUse

in the inner wall and of Haversian systems elsewhere. The internal circum-

ferential lamellae are fragmentary.

Type III, C, senile.

RIGHT FEMUR OF A WHITE MALE. NO. 172, MED. DEPT. NORTHWESTERN UNIV.

Pl. 30, Fig. 393. Syn. Tab. X

Antero-posterior diameter of bone, 32 mm.; lateral, 31.5 mm.

Antero-posterior diameter of medullary canal, 17.5 mm.; lateral, 18 mm.

The medullary canal is full. Medullary index, 45%.

Structure.—A narrow band of external circumferential lamellae, somewhat

fragmentary, forms the external boundary of the section. The central ring is

composed of Haversian systems, well developed and of varying sizes. In the

anterior and inner wall, the systems are separated by a little inter-Haversian

structure. Many senile systems appear. Few cross canals are seen. The

internal circumferential lamellfe are fragmentary.

Type III, C, senile.

BIGHT FEMUR OF A WHITE MALE. NO. 242, CR. MED. COLL.

Pl. 31, Fig. 394. Syn. Tab. X

Antero-posterior diameter of bone, 32 mm.; lateral, 27 mm.

Antero-posterior diameter of medullary canal, 1!) inni.; lateral, 15 mm.

The medullary canal is full. Medullary index, 49%.

Structure.—The external circumferential lamellae are fragmentary. "Re-

mains of the lamellar liorseshoe are found in the inner wall.

The central ring forms nearly the whole of the section and is composed ol'

Haversian systems, many of whicli show senile changes.

The internal circumferential lamellas form a naridw ring aronnd the incdnl-

lary canal.

Type III, C, senile.
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RIGHT FEMUR OF A WHITE MALE, AGE 60. NO. 145, MED. DEPT. NORTHWESTERN UNIV.

Pl. 31, Fig. 395. Syn. Tab. X

Autero-posterior diameter of bone, 30 mm. ; lateral, 29 muL

Autero-posterior diameter of medullary canal, 16 mm. ; lateral, 18 mm.

The medullary canal is full. Medullary index, 49%.

Structure.—The external circumferential lamelljB are fragmentary and half

systems occur on the external boundary of the section. The central ring is

composed of well developed, large and small Haversian systems. Many senile

changes occur in the anterior and posterior wall. Few cross canals are seen.

The internal circumferential lamellse form a narrow ring around the medullary

canal and in the anterior and posterior wall cancellous bone.

Type III, C, senile.

LEFT FEMUR OF A WHITE FEMALE. NO. 174, MED. DEPT. NORTHWESTERN UNIV.

Pl. 31, Fig. 396. Syn. Tab. X

Antero-posterior diameter of bone, 27 mm.; lateral, 26 mm.

Antero-posterior diameter of medullary canal, 14 mm.; lateral, 13 ram.

The medullary canal is full. Medullary index, 35%.

Structure.—The external circumferential lamella? suri-ound the section. In

the outer wall they form a wide background of about half the width of the

wall in wluch are numerous Haversian systems. The background gradually

disappears in the anterior wall and the lamellfE are reduced to a very narrow

rim. In the inner wall the narrow rim gradually widens again as it approaches

the posterior ridge. The central ring is composed of large and small Haversian

systems, many of which are senile. Near the external surface of the posterior

ridge groups of round and oval lacunae appear between the systems. The in-

ternal circumferential lamelte are fragmentary.

Type I-III, C, senile.

right femur OF A WHITE MALE. NO. 157, MED. DEHT. NOKTHWESTERN UNIV.

Pl. 31. Fig. 397. Syn. T.\b. X

Antero-posterior diameter of bone, 30 mm.; lateral, 29 mm.
Antero-posterior diameter of medullary canal, 16.5 mm.; lateral, 16 mm.
The medullary canal is full. Medullary index, 44%.

Structure.—The external circiuuferential lamelhe, separated into lamina* in

the lateral wall, surround the section. 'I'lic central ring is composed of Ha
versian systems, and senile changes are ahiiiulanl. In Ihe inner wall may be

seen distinct remains of tlie laineilar horsesluH'. 'I'lic intei-nal circumferential

lamellae are fragmentary.

Type I-II-III, C, senile.



NO. 3 COMPARATIVE HISTOLOGY OF FEMUR FOOTE 193

LEFT FEMUR OF A WHITE MALE. NO. 161, MED. DEFT. NORTHWESTERN UNIV.

Pl. 31, Fig. 398. Syn. Tab. X

Antero-posterior diameter of bone, 28 mm.; lateral, 31 mm.
Antero-posterior diameter of medullary canal, 12 mm.; lateral, 15 mm.
The medullary canal is full. Medullary index, 26%.

Structure.—The external lamellae are practically absent. The central ring

is composed of various forms of Haversian systems with considerable inter-

Haversiau lamellae, especially in tlie inner wall. This is the remains of the

horseshoe. Many senile changes are present. Near the posterior ridge the

systems are oval and assume a concentric arrangement. The internal lamellae

form a narrow ring around the medullary canal.

Type III, C, senile.

RIGHT FEMUR OF A WHITE MALE. NO. 153, MED. DEPT. NORTHWESTERN UNIV.

Pl. 31, Fig. 399. Syn. Tab. X

Antero-posterior diameter of bone, 27.5 mm.; lateral, 26 mm.

Antero-posterior diameter of medullary canal, 14 mm.; lateral, 11 mm.
The medullary canal is full. Medullary index, 27%.

Structure.—A wide horseshoe band of lamellae extends around the external

border of the section and is interrupted by numerous crude Haversian systems

of the (la) differentiation and crossed by canals. The central ring is com-

posed of large, small, and irregular Haversian systems, some of which are

senile. The internal lamellae form a broken ring around the medullary canal.

Type I-III, la, C, senile.

RIGHT FEMUR OF A WHITE MALE. NO. 243, CR. MED. COLL.

Pl. 31, Fig. 400. Syn. Tab. X

Antero-posterior diameter of bone, 30 nmi. ; lateral, 27 mm.

Antero-posterior diameter of medullary canal, 16 mm.; lateral, 14 mm.

The medullary canal is full. Medullary index, 23%.

Structure.—The section is surrounded for the most part by a wide horse-

shoe band of lamellae, interrupted fi-cqnently by Haversian systems of the (la)

differentiation.

The central ring is composed of Hascrsian syslcms witli fragments of

lamella^ running between them in all directions. This is especially true in the

outer wall. A few senile systems appear. Internal circumferential lamclhi'

form a narrow ring around the medullary canal.

Type I-III, la, C, senile.
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LEFT FEMUR OF A WHITE MALE. NO. 148, MED. DEPT. NORTHWESTERN UNIV.

Pl. 31, Fici. 401. Stn. Tab. X

Antero-posterior diameter of boue, 24 mm.; lateral, 33 mm.

Antero-posterior diameter of medullary canal, 13.5 mm.; lateral, 14 mm.

The medullary canal is full. Medullary index, 30%.

Structure.—Remains of the lamellar horseshoe band are seen as a back-

ground in the lateral and anterior wall. The band is interrupted by numerous

Haversian systems. The central ring is incomplete and composed of large,

small, and irregular Haversian systems. Senile changes are frequent in the

anterior and posterior wall. The internal lamellae form a narrow ring around

the medullary canal.

Type I-III, C, senUe.

LEFT FEMUR OF A WHITE MALE. NO. 230, CR. MED. COLL.

Pl. 31, Fig. 402. Syn. Tab. X

Antero-posterior diameter of bone, 31 mm.; lateral, 29 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 14 mm.

The medullary canal is full. Medullary index, 33%.

Structure.—The horseshoe band of lamellae, widest in the outer and absent

in the anterior wall, remains as a background. It forms half of the outer

and one-third of the posterior inner wall. In the lamellar background are oval

and round Haversian systems. The central ring is composed of large, small,

and irregular Haversian systems. Senile changes are frequent. The lacunte

are generally oval. The internal circumferential lamelte appear in fragments

and as cancellous bone in the anterior wall.

Type I-III, C, senile.

LEFT FEMUR OK A WHITE MALE. NO. 97, ("K. MED. COLL.

Pl. 32, Fig. 403. Syn. Tab. X

Antero-posterior diameter of bone, 28..") mm.; lateral, 27 mm.

Antero-posterior diameter of meiiullary canal, Ki mm.; lateral, 15 mm.

The medullary canal is full. Medullary index, 45%.

Structure.—A wide horseshoe band of lamina; and lamella? surrounds tlie

section. On both sides of the ridge the heel of the shoe constitutes nearly the

whole thickness of tlie wall, while the toe constitutes more than one-half of

the anterior wall. In the inner wall the band is narrow and in the outer wall,

wide. On both sides of the posterior ridge the heel of the shoe is composed of
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laminte with inter-laminar Haversian systems and ranals. Tlie laminae merge

together to some extent as they reach the anterior wall, but are still evident in

that region. The Haversian systems of the horseshoe band are of the (la) and

(C) ditferentiations, the former predominating. Their locations between ad-

jacent laminag produce irregular borders of the lamina;. In the anterior wall

the systems are all poorly developed, being little more than Haversian canals.

The lacunae of the lamellae are long and narrow; of the laminae, somewhat oval.

The central ring is narrow and composed of well developed Haversian sys-

tems in the outer, a wide band of lamellae and Haversian systems in the anterior,

lamellae and Haversian systems in the inner wall, and Haversian systems in the

posterior ridge. No senile changes appear. The posterior ridge is composed

of Haversian systems and inter-Haversian lamellte with many oval lacunae. The

internal circumferential lamellae form an irregular ring of varying widths around

the medullary canal. The bone is more than one-half laminje and lamellae.

T^je I-II-III, la, C.

LEFT FEMUR OF A WHITE MALE. NO. 99, CK. MED. COLL.

Pl. 32, Fig. 404. Stn. Tab. X

Antero-posterior diameter of bone, 30 mm. ; lateral, 27.5 mm.

Antero-posterior diameter of medullary canal, 14 mm. ; lateral, 10 mm.

The medullary canal is full. Medullary index, 20%.

Structure.—Beginning on tlie outer side of the posterior ridge and extend-

ing around the lateral wall are coarse lamina^, interrupted by a few Haversian

systems of the (C) differentiation and by many of the (la) differentiation. As

the laminae reacli the anterior wall they merge into lamellae, which terminate in

the anterior inner wall, and are then completely displaced by well developed Ha-

versian systems. The laminte again appear in the posterior wall. The lacunae

are generally oval and their canaliculi straight. In the outer wall is a wide semi-

circular area of laminae, which, with those of the external band, constitute the

whole wall. These laminae are also interrupted by Haversian systems similar

to those of the external band.

The central ring is incomplete, since it is limited to a narrow portion of

the anterior, nearly the whole of the inner anterior and posterior wall. It is

composed of well developed Haversian systems without senile changes.

The medullary canal is surrounded by laminae, interrupted by Haversian

systems of the (la) differentiation. The section is more than half lamellae and

laminae.

Type I-II-III, la, C.
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RIGHT FEMUR OF A WHITE M.A[>E. NO. IGO, MED. DEl'T. NORTHWESTERN UNIV.

Pl. 32, Fig. 405. Syn. Tab. X

Antero-posterior diameter of bone, 1^8 mm. ; lateral, 28.5 umi.

Antero-posterior diameter of medullary canal, 15 mm. ; lateral, 15 mm.
The medullary canal is full. Medullary index, 38%.

Structure.—Beginning on the inner side of the posterior ridge and extend-

ing around the inner and a part of the anterior wall is a wide band of lamellae

in which are many well developed Haversian systems. The band forms the

entire thickness of the inner posterior wall. In the anterior outer wall the

band has been displaced by Haversian systems, and in the outer posterior wall

the lamellar band again appears.

The central ring is composed of Haversian systems of the (C) differentia-

tion, many of which show senile changes.

The internal circumferential lamelte are fragmentary. The section is about

half lamellae.

Type I-III, C, senile.

LEFT FEMUR OF A WHITE MALE. NO. 163, MED. DEPT. NORTHWESTERN UNIV.

Pl. 32, Fig. 406. Stn. Tab. X

Antero-posterior diameter of bone, 28 mm. ; lateral, 25 mm.
Antero-posterior diameter of medullary canal, 15 mm.; lateral, 11.5 mm.
The medullary canal is full. Medullary index, 32%.

Structure.—Beginning on the inner side of tiie posterior ridge and extend

ing around the external border of the inner and anterior wall is a wide band o\'

lamellae, intermitted by Haversian systems. The band forms about half of the

inner and tlie whole of the anterior wall, and is then displaced by Haversian

systems. The lacunar are oval and long. Around the external surface of the

outer wall is a narrower band of lamelkv, interrupted by canals of the (la)

differentiation. The central ring of the inner and outer wall is composed of

Haversian systems, some of which exhibit senile changes. In the posterior

ridge the systems are separated by lamellae with oval lacunae. The medullary

canal is enclosed by a narrow ring of lamellte.

Type I-III, la, C, senile.

RIGHT FEMUE OF A WHITE MALE. NO. 156, MED. DEPT. NORTHWESTERN UNIV.

Pl. 32, Fig. 407. Syn. Tab. X

Antero-posterior diameter of bone, 31 mm. ; lateral, 23.5 mm.
Antero-])osterior diameter of medullary canal, 11 mm.; lateral, 11 mm.
The medullary canal is full. Medullary index, 20%.



NO. 3 COMPARATIVE HISTOLOGY OF FEMUR FOOTE 197

Structure.—The external circumferential lamella? are fra,ijmentary. The

central ring constitutes nearly all of the section and is composed of large, small,

and irregularly shaped Haversian systems in a wide band of lamellas, especially

in the inner and Y^osterior wall. The band is nearly displaced by Haversian

systems in the outer wall. Senile changes are frequent. The internal circum-

ferential lamella are fragmentary. The section shows an unusually large,

inner posterior ridge.

Type I-III, C, senile.

LEFT FEMUR OF A WHITE MALE. NO. 169, MED. UEPT. NORTHWESTERN UNIV.

Pl. 33, Fig. 408. Syn. Tab. X

Antero-posterior diameter of bone, 31 mm. ; lateral, 29 mm.

Antero-posterior diameter of medullary canal, 16 mm.; lateral, 15 mm.

The medullary canal is full. Medullary index, 37%.

Structure.—Beginning on the inner side of the posterior ridge and extend-

ing around the inner lateral wall is a wide lamellar background in which are

numerous Haversian systems. In the anterior wall the band narrows to an

interrupted rim and widens again to a background in the outer wall.

The central ring is composed of Haversian systems, large and small, with

some senile changes. Along the external surface of the posterior ridge the

systems are separated by lamella^ with oval and round lacunse. The internal

circumferential lamellie form a narrow ring around the medullary canal. Senile

changes are numerous in the systems in close proximity to the medullary canal.

Type I-III, C, senile.

RIGHT FEMUR OF A WHITE MALE, AGE 35. NO. 151, MED. DEPT. NORTHWESTERN UNrV.

Pl. 32, Fig. 409. Syn. Tab. X

Antero-posterior diameter of bone, 28 mm.; lateral, 31 mm.

Antero-posterior diameter of medullary canal, 11.5 mm.; lateral, 12 mm.

The medullary canal is full. Medullary index, 19%.

Structure.—The external circumferential lamella; surround the bone. They

form thin bands in the lateral wall and are displaced by bone substance with

large oval lacuna; and bushy canaliculi in the posterior ridge. The anterior

wall is over half lamellsB, in which are parallel rows of crude Haversian systems

of the (la) differentiation, arranged concentrically. The lamellse and systems

form the external itart of the wall, and, as they approach and pass into the

lateral wall, they are replaced 1)y wide bands of irregularly shaped Haversian

systems. Senile changes are frequent in the inner lateral wall. Underneath
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the lamellar and Haversian system band is a central ring of regular Haversian

systems, well developed.

The internal circumferential lamellae form a wide baud in the lateral and

posterior wall. In the posterior, outer lateral wall several laminte extend

obliquely from the interior of the wall to the medullary surface. The external

lialf of the posterior ridge is composed of Haversian systems, between which

is bone substance with many oval lacuufe, while the medullary half is composed

of Haversian systems with a little inter-Haversian lamellfe.

Type I-II-III, la, C, senile.

LEFT FEMUR OF A WHITE MALE. NO. 100, CR. MED. COLL.

Pl. 32, Fig. 410. Syn. Tab. X

Antero-posterior diameter of bone, 24 mm. ; lateral, 31 mm.

Antero-posterior diameter of medullary canal, 17.5 mm. ; lateral, 13.5 mm.

The medullary canal is full. Medullary index, 4G%.

Structure.—The external circumferential lamellae foi-m the boundary of a

part of the outer wall. In some places, however. Haversian systems form the

external boundary. In the outer wall laminae separate the Haversian systems

of the central ring. Their lacume are well developed.

The central ring constitutes the greater jjart of the section, and especially

is this true of the outer wall.

In the inner wall is a wide external band of laminae and oblong Haversian

systems extending from the posterior ridge around to the outer antero-lateral

junction. In the anterior wall is a wide band of lamelhr. The systems are large,

small, and irregular in shape. In tliosc ai-ouinl tlic medullary canal, senile

changes appear. The internal circumferential hiinclhr form an extremely nar-

row ring around tlie medullary canal.

Type I-II-III, C, senile.

RIGHT FEMUH OF A WHITE FEM.\LE. NO. 150, MED. DEFT. NORTHWESTERN UNIV.

Vh. 32, Fig. 411. Syn. Tab. X

Antero-posterior diameter of bone, 26 mm. ; lateral, 26 mm.

Antero-posterior diameter of medullary canal, 20 mm. ; lateral, 21 mm.

The medullary canal is full. Medullary index, 16%.

Structure.—The section is irregular in shape and is composed of a back-

ground of lamellae, in which are irregularly shajied Haversian systems with

senile changes.

Type I-III, C, senile.
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LEFT FEMUR OF A WHITE MALE. NO. 152, MED. DEPT. NORTHWESTERN UNIV.

Pl. 33, Fig. 412. Syn. Tab. XI

Antero-posterior diameter of bone, 216 mm. ; lateral, 37 mm.
Anteroposterior diameter of medullary canal, 14 mm.; lateral, 16 mm.
The medullary canal is full. Medullary index, 30%.

Structure.—The section is the first portion of a double femur. The original

femur (fig. 412B) is composed of Haversian systems almost entirely. In the

posterior wall they are separated by short lamellae with oval lacunje. Many
senile changes occur. In some systems the Haversian canals have increased

in diameter to such an extent that only a narrow rim of bone remains. Around

the medullary canal are large spaces. The lacunas of the systems are of the

oval type and not very numerous. The external and internal circumferential

lamellae appear in fragments. Between the original and accessory growth is

a concentric series of spaces partly surrounded by enclosing lamellae. A sharp

line ajjpears between the two bones (fig. 412C). The accessory bone is com-

posed of a background of lamellfe in which are Haversian systems of the (lb)

differentiation and numerous radiating canals. The inter-Haversian lamellas

with oval lacunai predominate. Many of the systems are senile. The external

circumferential lamellae are fragmentary. The accessory portion shows an

earlier development than the original bone by its predominating lamellae and

relatively few Haversian systems.

Type I-III, lb, C, senile.

LEFT FEMUR OF A WHITE MALE. NO. 152, MED. DEPT. NORTHWESTERN UNIV.

Pl. 33, Fig. 413. Syn. Tab. XI

Antero-posterior diameter of original bone, 27 mm. ; lateral, 25 mm.

Antero-posterior diameter of medullary canal of original bone, 16 mm.;

lateral, 17 mm.

The medullary canal is full. Medullary index, 67%.

Antero-posterior diameter of accessory bone, 23 mm.; lateral, 18 mm.

Antero-posterior diameter of accessory medullary canal, 10 mm.; lateral,

10 mm.

The medullary canal is full. Medullary index, 31%.

Antero-posterior diameter of the whole bone, 25 mm. ; lateral, 45 mm.

The section was taken 33 mm. below figure 412.

Structure.—In this section the accessory development has formed an addi-

tional femur. The original bone is composed of Haversian systems for the

most part, but their senile changes are markedly increased (fig. 413B). The

accessory bone is composed of lamellae with oval lacunae, interrupted by numer-

14
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ous Haversian systems of the (lb) differentiation. The two bones are separated

by a narrow partition of cancellous bone (fig. 413C). Internal and external

circumferential lamellfe in both bones are fragmentary.

Type I-III, lb, C, senile.

LEFT FEMUK OF A WHITE FEMALE. NO. 164, MED. DEPT. NORTHWESTERN UNIV.

Pl. 33, Fig. 414. Syn. Tab. XI

Antero-posterior diameter of bone, 28 mm. ; lateral, 27.5 mm.
Antero-posterior diameter of medullary canal, 20 mm. ; lateral, 20 mm.
The medullary canal is full. Medullary index, 55%.

Structure.—The external circumferential lamellfe appear only in short frag-

ments. The central ring is composed of large and small, irregularly shaped Ha-

versian systems in a background of lamellae which extends around the bone.

The systems are generally senile. The wall of the bone is thin. The anterior

and inner wall is nearly half destroyed by senile losses.

Internal circumferential lamelljE occur in frag-ments.

Type I-III, C, senile.

LEFT FEMUR OF A WHITE FEMALE. NO. 166, MED. DEPT. NORTHWESTERN UNIV.

Pl. 33, Fig. 415. Syn. Tab. XI

Antero-posterior diameter of bone, 26.5 mm. ; lateral, 26 mm.
Antero-posterior diameter of medullary canal, 14 mm.; lateral, 13 mm.

The medullary canal is full. Medullary index, 34%.

Structure.—Beginning on both sides of the posterior ridge and extending

around the lateral wall are two bands of lamella?, incompletelj' separated into

laminfe and interrupted by Haversian systems. Tlie band disappears entirely

in the anterior and antero-lateral wall. The external surface of the posterior

ridge shows many large, oval lacunas between the Haversian systems. The cen-

tral ring is composed of Haversian systems, large and small, with considerable

inter-Haversian lamellae. The systems show many senile changes. The internal

circumferential lamellae are fragmentary.

Type I-III, C, senile.

RIGHT FEMUR OF A WHITE MALE ( SUICIDE ), AGE 22. NO. 175, OR. MED. COLL.

Pl. 33, Fig. 416. Syn. Tab. XI

Antero-posterior diameter of bone, 27 mm. ; lateral, 29 mm.

Antero-posterior diameter of medullary canal, 14 mm.; lateral, 19 mm.
The medullary canal is full. Medullary index, 53%.
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structure.—The section is surrounded by a baud of lamellae and lamina>. In

the anterior and inner wall the band is lamellar and perforated by numerous

canals of the (la) differentiation. In the outer and posterior wall the band is

laminar and interrupted by elongated Haversian systems of the (lb) formation.

The central ring is irregular. In the outer wall it is thick and composed

of well developed Haversian systems; in the antero-inner lateral wall it is

thin; and in the posterior inner lateral it is almost entirely absent.

Internal circumferential lamellae form a narrow cancellous ring around

the medullary canal. The lamellae are separated into laminae in the inner wall.

Type I-II-III, la, lb, C.

LEFT FEMUR OF A WHITE MALE. NO. 98, CR. MED. COLL.

Pl. 33, Fig. 417. Stn. Tab. XI

Antero-posterior diameter of bone, 30 mm.; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 17 mm. ; lateral, 15 mm.

The medullary canal is full. Medullary index, 39%.

Structure.—External circumferential lamellae and laminae surround the sec-

tion. In the inner wall are two rows of elongated Haversian systems extending

in a concentric direction from the external laminae to the medullary surface of

the anterior wall. The central ring of Haversian systems constitutes almost the

entire thickness of the wall of the bone. The inner wall shows the borders of a

wide external crescent composed of very much flattened Haversian systems.

The Haversian systems are large, small, and irregular in shape. Nearly

one-half of them in the outer and a few in the inner wall show senile changes.

The various stages of senility are well marked in this bone. In the early stage

the lamellfe of the Haversian systems are prominent. The organic portion of

the lamellae seems to separate from the inorganic and the mineral salts begin

to appear as granules in the lamellae around the Haversian canals. In this

stage the systems appear brown with sharply defined lamellae. In the next stage

the mineral deposit is heavy and the systems are black. Here and there a sys-

tem can be seen in the last stage. The lamelte around the Haversian canal

are absorbed and little by little the Haversian canal widens until a narrow

black ring is all that remains of the system, or the entire system disappears.

The inorganic salts are deposited in the Haversian canals (pl. 34, figs. 424-426).

After this manner the bone becomes light and the walls become thin as the

process extends outward from the medullary canal. The internal circumferen-

tial lamellae appear in fragments.

Type I-II-III, C, senile.
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LEFT FEMUE OF A WHITE MALE. NO. 91, CR. MED. COLL.

Pl. 33, Fig. 418. Syn. Tab. XI

Antero-posterior diameter of bone, 30 mm. ; lateral, 27 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 13 mm.
The medullary canal is full. Medullary index, 39%.

Structure.—External circumferential lamellae surround the section, except-

ing the posterior ridge. The central ring is composed of Haversian systems

with the remains of a laminar horseshoe in the posterior lateral wall. No

senile changes are found.

The internal circumferential lamellae form a narrow ring around the medul-

lary canal.

Type I-II-III, C.

FEMUR OF AN AUSTR.ALIAN. NO. 227420, U. S. NAT. MUS.

Pl. 34, Fig. 419. Syn. Tab. XI

Antero-posterior diameter of bone, 28 mm. ; lateral, 23 mm.
Antero-posterior diameter of medullary canal, 12 mm.; lateral, 11 mm.

The medullary canal is full. Medullary index, 25%.

Structure.—The external circumferential lamellae enclose the bone, except-

ing the anterior wall and posterior ridge. Beginning on either side of tlie

posterior ridge and extending around the lateral to the anterior wall are two

wide bands composed of lamellte and elongated Haversian systems, arranged

in concentric rows. Their long diameters are parallel to the external surface

of the bone. As the bands approach the anterior wall they are displaced by

Haversian sj^stems, which form the whole width of the wall. These bands are

the remains of the horseshoe.

The anterior wall and posterior ridge are composed entirely of Haversian

systems. The lacunae are oval and narrow. The internal circumferential la-

mellfe form a broken narrow ring around the medullary canal.

Type I-III, C.

LEFT FEMUR OF A WHITE MALE. NO. 94, CR. MED. COLL.

Pl. 34, Fig. 420. Syn. Tab. XI

Antero-posterior diameter of bone, 30 mm. ; lateral, 29 mm.
Antero-posterior diameter of medullary canal, 17 mm.; lateral, 14 mm.

The medullary canal is full. Medullary index, 38%.

Structure.—External circumferential lamellae form a narrow ring around

the section. Beginning on both sides of the posterior ridge and extending

around the lateral wall are wide bands of elongated and well developed Ha-
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versiau systems with considerable iuter-Haversian lamellae. As the band of the

inner wall approaches the anterior it is entirely displaced by Haversian sys-

tems, while the band of the outer wall is displaced about the mid-lateral region.

The central ring, therefore, is irreg-ular in shape and position. It is comjaosed

of well developed Haversian systems.

The internal circumferential lamellae form a narrow ring around the medul-

lary canal.

Type I-III, C.

RIGHT FEMUR OF A WHITE MALE, AGE 40. NO. 142, MED. DEPT. NORTHWESTERN UNIV.

Pl. 34, Fig. 421. Stn. Tab. XI

Antero-posterior diameter of bone, 30 mm. ; lateral, 27.5 mm.
Antero-posterior diameter of medullary canal, 13 mm. ; lateral, 11.5 mm.

The medullary canal is full. Medullar}' index, 22%.

Structure.—Beginning on both sides of the posterior ridge and extending

around the section is an enclosing band of varying widths comijosed of lamellae,

interrupted by small Haversian systems of the (la) differentiation. Tlie band

is widest in the outer and anterior wall.

Underneath this band is a wide central ring of well developed Haversian

systems. They vary in size and present some senile changes around the medul-

lary canal.

The internal circumferential lamelte form a narrow ring around the medul-

lary canal. The bone units are well developed.

Type I-III, la, C, senile.

haversian systems showing stages of senility

Pl. 34, Figs. 433-24-25-36

These systems were taken from figure 417 and enlarged. Figiire 423 shows

an Haversian system before senile changes are visible. It is composed of a

number of concentric lamellae with serrated edges united by cement. The lacunae

are long and narrow and are situated either between the lamellte or witliin them.

There does not seem to be any regularity in the arrangement.

Figure 424 shows an early stage of senility. In this Haversian system

there is a deposit of opaque granules in the lamellae around the Haversian canal.

The density of the granules diminishes from the canal toward the periphery.

Figure 425 shows a later stage. The density has increased and expanded.

The central lamellae have dropped out and the Haversian canal is larger. The

whole system is more or less involved. In the external portion the granules

are brown and the lamellae are somewhat dim. The central ring is black.
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Figure 426 shows the last stage. The lamellae have nearly all disappeared,

and a narrow black ring only remains. The Haversian canal is large and irregu-

lar in shape. The medullary canal is very much increased in size and the bone

is light in weight.

Senile changes are more frequent around the medullary canal than else-

where, although they may occur in any part of the bone.

As the lameUsB around the Haversian canals become more and more opaque

with inorganic salts they gradually disintegrate, the inorganic matter enters

the blood vessels and is carried into the general circulation to be removed from

the body or deposited in the degenerating wall of blood vessels.

EIGHT FEMUB OF A WHITE MALE (cONVICT). NO. 2, MED. DEPT. NEBRASKA UNIV.

Pl. 35, Fig. 428. Syn. Tab. XI

Antero-posterior diameter of bone, 32 mm. ; lateral, 27.5 mm.
Antero-posterior diameter of medullary canal, 15 mm.; lateral, 10 mm.

The medullary canal is full. Medullary index, 21%.

Structure.—A narrow band of external circumferential lamellae surrounds

the section.

The central ring is composed of large, small, and variously shaped Ha-

versian systems with relatively small Haversian canals. On account of the

small canals the Haversian systems have tliick walls. Many of the canals are

situated eccentrically. Scattered throughout the wall of the section are many

Haversian systems in various stages of senility. In some, the two or three

lamellse around the Haversian canal are involved ; in others, half of the system is

senile; and in others, the whole system is black with mineral precipitation. In

the posterior inner wall a few elliptical Haversian systems occur.

Internal circumferential lamelte surround the meduUary canal. The lacunae

of the section are generally oval.

Type III, C, senile.

EIGHT FEMUE OF A WHITE MALE (cONVICt). NO. 3, MED. DEPT. NEBRASKA UNIV.

Pl. 35, Fig. 429. Syn. Tab. XI

Antero-posterior diameter of bone, 26.5 mm. ; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 15 mm.; lateral, 12 mm.

The medullary canal is full. Medullary index, 39%.

Structure.—The external circumferential lamellje are fragmentary. The

central ring is composed of variously shaped, large and small Haversian sys-

tems with no inter-Haversiau lamellae. Some of the systems are well developed

;

some have small Haversian canals ; some show earl}^ stages of senility ; some
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later; and some the latest. The lacunae are generally oval. A narrow ring of

internal circumferential lamellae surrounds the medullary canal.

Type III, C, senile.

* LEFT FEMUR OF A WHITE MALE, AGE 50. NO. 268, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 30 mm. ; lateral, 30 mm.
Antero-posterior diameter of medullary canal, 13 mm. ; lateral, 12 mm.
Medullary index, 21%.

Structure.—The external circumferential lamellae are fragmentary. The

section is composed almost entirely of small, large, and irregularly shaped Ha-

versian systems and a small amount of inter-Haversian lamellae. In the vicinity

of the medullary canal many of the systems are senile. The internal circum-

ferential lamellae are fragmentary.

Type III, C, senile.

* RIGHT FEMUR OF A WHITE MALE. NO. 269, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 29 nnn. ; lateral, 33.5 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 20 mm.

Medullary index, 54%.

Structure.—A wide background of lamelliB, enclosing Haversian canals and

small Haversian systems, forms the external half of the anterior wall and is

mostly displaced by Haversian systems as it extends around the lateral wall

to the posterior ridge. The systems vary in size and shape and many show

senile changes. There is a scarcity of communicating cross canals.

In the inner wall a short, fan-shaped band of laminae, interrupted by small

Haversian systems, extends from the medullary surface of the posterior ridge

outward. This has been observed in a number of femora, but not in all. Its

significance is not clear.

The internal circumferential lamellae form a very narrow fragmentary ring

around the medullary canal.

Type I-II-III, la, C, senile.

* RIGHT FEMUR OF A WHITE MALE. NO. 270, CR. MED. COLL.

Stn. Tab. XI

Antero-posterior diameter of bone, 31 mm.; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 14 mm. ; lateral, 13 mm.

Medullary index, 29%. The section is almost quadrangular in shape.
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Structure.—The external circumferential lamellae are fragmentary. The

section is composed, for the most part, of well developed Haversian systems

with very little inter-Haversian bone substance. Many of the systems are

senile. The cross canals are fairly numerous.

The internal circumferential lamellae form a very narrow ring around the

medullary canal.

Type III, C, senile.

* RIGHT FEMUR OF A WHITE MALE. NO. 271, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 31 mm.; lateral, 32 mm.
Antero-posterior diameter of medullary canal, 17 mm. ; lateral, 15 mm.
Medullary index, 35%.

Structure.—The external circumferential lamellae form a narrow ring

around the bone.

The section is composed almost entirely of large, small, and irregularly

shaped Haversian systems. Their lacunae are generally oval. The cross canals

are not numerous. Senile changes are few.

The internal circumferential lamellae form a narrow ring around the medul-

lary canal.

Type III, C.

* EIGHT FEMUR OF A WHITE MALE. NO. 272, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 33 mm. ; lateral, 28 mm.

Antero-posterior diameter of medullary canal, 27 mm.; lateral, 25 mm.
Medullary index, 26%.

Structure.—The external circumferential lamellsE appear as rather wide

bands on both sides of the posterior ridge. These bands are interrupted by

small Haversian systems and become narrower as they approach the anterior

wall where they are fragmentary. The remainder of the section is composed

of Haversian systems with oval and long lacunae.

The internal circumferential lamelte form a narrow ring around the medul-

lary canal.

Type III, C.

* RIGHT FEMUR OF A WHITE MALE. NO. 273, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 28 mm. ; lateral, 29 mm.

Antero-posterior diameter of medullary canal, 15 mm.; lateral, 12 mm.
Medullary index, 29%.
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Structure.—The external circumferential lamellae form a complete narrow

ring around the bone. The section is composed of well developed Haversian

systems closely packed together. Some are large, some small, and some are

irregular. Senile changes are frequent.

The internal circumferential lamellae enclose the medullary canal.

Type III, C, senile.

EIGHT FEMUR OF A WHITE MALE. NO. 274, CR. MED. COLL.

Pl. 35, Fig. 436. Syn. Tab. XI

Antero-posterior diameter of bone, 30 mm. ; lateral, 35 mm.

Antero-posterior diameter of medullary canal, 15 mm. ; lateral, 16 mm.

Medullary index, 30%.

Structxire.—The external circumferential lamellae are fragmentary. The

rest of the section is composed almost entirely of Haversian systems, many of

which are large in size and have large, irregularly shaped Haversian canals.

They are more numerous around the medullary canal than elsewhere. They

give to the section a general porous appearance when observed with the naked

eye.

The internal circumferential lamellae form a narrow ring around the medul-

lary canal.

Type III, C, senile.

EIGHT FEMUR OF A WHITE MALE. NO. 275, CR. MED. COLL.

Pl. 35, Pig. 437. Syn. Tab. XI

Antero-posterior diameter of bone, 30 mm.; lateral, 27 mm.

Antero-posterior diameter of medullary canal, 19 mm.; lateral, 14 mm.

The medullary canal is full. Medullary index, 50%.

Structure.—The section is surrounded by a wide band of lamellaB, inter-

rupted by numerous Haversian systems of the (la) and (C) differentiations.

The central ring, about equal in width to tlie external lamellar band, is com-

posed of well developed Haversian systems, many of which are senile.

A narrow ring of internal lamellae surrounds the medullary canal.

Type I-III, la, C, senile.

* LEFT FEMUR OF A WHITE MALE. NO. 276, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 28 mm.; lateral, 33.5 mm.

Antero-posterior diameter of medullary canal, 26 mm. ; lateral, 17.5 mm.

Medullary index, 100%.
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Structure.-—The external cironmferential lamellie form a narrow ring

around the bone.

The section is composed of Haversian systems, which, in the anterior wall,

are separated by the fragments of a lamellar horseshoe band described else-

where. Many systems are senile.

The internal circumferential lamellte form a narrow ring around the medul-

lary canal.

Type III, C, senile.

BIGHT FEMUR OF A WHITE MALE. NO. 277, CR. MED. COLL.

Pl. 35, Fig. 439. Syn. Tab. XI

Antero-posterior diameter of bone, 32 mm.; lateral, 28 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 11 mm.

The medullary canal is full. Medullary index, 28%.

Structure.—External circumferential lamellse, interrupted by many Ha-

versian systems, surround the section. The central ring, irregular in width,

is composed of Haversian systems, somewhat irregular in shape, but well de-

veloped. The internal circumferential lamellte, expanded into a wide semi-

circular area in the inner wall, surround the medullary canal.

Type I-III, C.

* EIGHT FEMUR OF A WHITE MALE. NO. 278, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 29 mm.; lateral, 34 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 15 mm.

Medullary index, 35%.

Structure.-—The external circumferential lamellas are fragmentary. The

section is composed almost entirely of large, small, and irregularly shaped Ha-

versian systems.

The internal circumferential lamellaj form a narrow enclosing ring around

the medullary canal.

Type III, C.

* RIGHT FEMUR OF A WHITE MALE. NO. 279, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 30 mm. ; lateral, 27 mm.

Antero-posterior diameter of medullary canal, 16 mm.; lateral, 14 mm.

Medullary index, 38%.

Structure.—The external circumferential lamellaB are fragTiientary. The

section is comjDOsed almost entirely of large, small, and irregular Haversian
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systems, between which are some areas of short lamellae. The lacunte are oval

;

senile changes are frequent. The internal circumferential lamelte are frag-

mentary.

Type III, C, senile.

* EIGHT FEMUR OF A WHITE MALE. NO. 280, OR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 30 mm. ; lateral, 24.5 mm.
Antero-posterior diameter of medullary canal, 15 mm. ; lateral, 11 mm.
Medullary index, 29%.

Structure.—The external circumferential lamelite form a narrow' ring

around the bone. The section is mostly composed of well developed Haversian

systems with little inter-Haversian bone substance.

The internal circumferential lamellte surround the medullary canal.

Type III, C.

* LEFT FEMUR OF A WHITE MALE. NO. 281, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 31 mm. ; lateral, 27 mm.
Antero-posterior diameter of medullary canal, 13 mm.; lateral, 10 mm.
Medullary index, 19%.

Structure.—The external circumferential lamellas are fragmentary. The

section is composed of large, small, and irregularly shaped Haversian systems,

some of which show senile changes.

The internal circumferential lamellae form a narrow ring around the medul-

lary canal.

Type III, C, senile.

* RIGHT FEMUR OF A WHITE MALE. NO. 282, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 30 mm. ; lateral, 31.5 mm.

Antero-posterior diameter of medullary canal, 16 mm.; lateral, 13.5 mm.
Medullary index, 30%.

Structure.—The external circumferential lamelliij are fragmentary. The

section is composed of well developed, closely arranged Haversian systems.

As a rule, they are clearly distinct, but some of them are senile and obscure.

The internal circumferential lamellfe are fragmentary.

Type III, C, senile.
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BIGHT FEMUK OF A WHITE MALE. NO. 284, CR. MED. COLL.

Pl. 35, Fig. 445. Syn. Tab. XI

Antero-posterior diameter of bone, 26.5 mm. ; lateral, 26 mm.

Antero-posterior diameter of medullary canal, 13 mm.; lateral, 12.5 mm.

The medullary canal is full. Medullary index, 31 5^.

Structure.—Beginning on both sides of the posterior ridge and surrounding

the section is a wide horseshoe of crude lamiiife and lamellae, frequently intex*-

rupted by Haversian systems of the (la) and (C) differentiations. The horse-

shoe forms half of the outer, nearly all of the anterior, and a third of the

inner wall. The Haversian systems have, generally, concentric positions. The

canals separating the laminae are short. In the inner posterior wall is a fan-

shaped area of laminae, interrupted by a few Haversian systems. The remain-

der of the central ring, of which the fan is a part, is composed of Haversian

systems with some senile changes. In the outer wall it has some inter-Haversian

lamellae. The posterior ridge is composed of Haversian systems.

A narrow ring of internal circumferential lamellae surrounds the medullary

canal.

Type I-II-III, la, C, senile.

This femur is characterized by units of low differentiations. Only a small

portion of it is composed of well developed Haversian systems.

* EIGHT FEMUR OF A WHITE MALE. NO. 285, CE. MED. COLL.

Stn. Tab. XI

Antero-posterior diameter of bone, 29 mm. ; lateral, 28 mm.

Antero-posterior diameter of medullary canal, 15 mm.; lateral, 1-1 mm.

The medullary canal is full. Medullary index, 35%.

Structure.—The external circumferential lamellae are fragmentary. The

central ring constitutes nearly all of the section and is composed of Haversian

systems with some inter-Haversian lamellae. Manj- senile changes occur around

the medullary canal. Internal circumferential lamellae surround the medullary

canal.

Type III, C, senile.

* EIGHT FEMUR OF A WHITE M.ALE. NO. 286, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 32 mm.; lateral, 27.5 mm.
Antero-posterior diameter of medullary canal, 17 mm.; lateral, 14 mm.

The medullary canal is full. Medullary index, 36%.
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Structure.—The external circumfereutial lamellse are fragmentary. The

central ring constitutes nearly all of the section and is composed of Haversian

systems exhibiting many senile changes.

Internal circumferential lamelte surround the medullary canal.

Type III, C, senile.

* RIGHT FEMUR OF A WHITE MALE. NO. 287, CR. MED. COLL.

Stn. Tab. XI

Antero-posterior diameter of bone, 25 mm. ; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 12 mm. ; lateral, 9 mm.

The medullary canal is full. Medullary index, 21%.

Structure.—Around the outer and anterior wall is a wide band of lamellie,

interrupted by Haversian systems of the (la) differentiation. The band is

displaced in the inner wall by Haversian systems. The central ring constitutes

all of the inner wall, the posterior ridge, two-thirds of the outer and one-third

of the anterior wall. It is composed of Haversian systems of the (C) dif-

ferentiation, large and small, separated in the outer wall by wide inter-Ha-

versian lamelte. Some senile changes occur. The internal circumferential

lamellffi form a narrow ring around the medullary canal.

Type I-III, la, C, senile.

* EIGHT FEMUR OF A WHITE MALE. NO. 288, CR. MED. COLL.

Syn. Tab. XI

Antero-posterior diameter of bone, 30 mm. ; lateral, 31 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 15 mm.

The medullary canal is full. Medullary index, 38%.

Structure.—A narrow ring of external circumferential lamellae surrounds

the section.

The central ring constitutes nearly all of the bone and is composed of Ha-

versian systems, many of which are senile. The systems are united by cross

canals.

A narrow ring of internal circumferential lamellae surrounds the medul-

lary canal.

Type III, C, senile.

RIGHT FEMUR OF A WHITE MALE. NO. 289, CR. MED. COLL.

PL. 35, Fig. 451. Syn. Tab. XI

Antero-posterior diameter of bone, 30 mm.; lateral, 33 mm.

Antero-posterior diameter of medullary canal, 14 mm.; lateral, 15 mm.

The medullary canal is full. Medullary index, 27%.
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Structure.—The external circnmferential lamellae, separated into short la-

minas and interrupted by many Haversian systems, surromid the section. The

central ring blends with the external and internal rings and is composed of

Haversian systems and lamellae.

The internal circumferential lamellae, expanding into a semicircular laminar

area in the inner wall, surround the medullary canal.

Type I-II-III, C.

LEFT FEMXJB OF A WHITE MALE. NO. 296, CE. MED. COLL.

Pl. 35, Fig. 453. Syn. Tab. XI

Antero-posterior diameter of bone, 27.5 mm. ; lateral, 23 mm.

Antero-posterior diameter of medullary canal, 12 mm.; lateral, 10 mm.

The medullary canal is full. Medullary index, 23%.

Structure.—A horseshoe band of lamellte, frequently interrupted by com-

plete and crude Haversian systems of the (la) differentiation, surrounds the

section. It is widest in the anterior wall. The lacunae are round, oval, long,

and narrow.

The central ring, irregular in shape, is composed of well developed Ha-

versian systems and forms the entire thickness of the posterior wall. The

lacunae are oval. The systems are united by many cross canals.

Internal circumferential lamellae form a narrow ring around the medul-

lary canal with the exception of the posterior wall. In the anterior wall it

becomes cancellous.

Type I-III, la, C.

LEFT FEMUE OF A WHITE MALE, AGE 40. NO. 1, NEBRASKA STATE HOSPITAL

Pl. 35, Fig. 453. Syn. Tab. XI

Case of idiopathic epilepsy. Patient had 20 convulsions the day of his

death.

Antero-posterior diameter of bone, 27 mm. ; lateral, 22 mm.

Antero-posterior diameter of medullary canal, 21 mm. ; lateral, 18 mm.

Medullary index, 277%.

General character of the bone.—The femur was small in size. With the

exception of a surrounding shell of bone from 1 mm. to 2 mm. thick, the entire

medullary portion had suffered an extensive softening and the bone structure

had disappeared.

Structure.—The external circumferential lamellfe were fragmentary. Quite

large canals penetrated the bone from the periosteum.
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The central ring was composed of large, small, and irregularly shaped Ha-

versian systems and inter-Haversian lamellae. In some systems the Haversian

canals were very large and irregular, and in the others they were normal in

size. The lacuiije were oval. In some portions of the section, large, irregu-

larly shaped spaces were present. The internal circumferential lamellae formed

a narrow ring around the medullary canal.

Type III, C.

XVI. HISTOLOGICAL EXAMINATION OF TWO ENTIRE
HUMAN FEMORA

1. Left Femur, 41 Cm. Long, No. 300, Cr. Med. Coll.

This bone was cut into pieces 2.5 cm. in length, and a cross-section of each

piece was examined microscopically. The first section was made through the

equatorial diameter of the head, the second through the middle of the neck, the

third through the lesser trochanter, and the following sections through the shaft

and lower extremity.

HEAD

This section was a circle with a diameter of 44 mm. It was surrounded

by an enclosing envelope of bone 0.5 mm. in thickness and composed of lamellae

with round and oval lacunae and rather infrequent canaliculi.

The remainder of the section was made up of cancellous bone, the meshes

of which were filled with marrow. In the central portion of the section tlie

cancellous bone was much heavier than elsewhere. The walls of the meshes

were composed of lamellae with oval and long lacuna; and radiated from the

center ioward the periphery. No Haversian systems were found.

NECK

Antero-posterior diameter of bone, 33 mm.; lateral, 27 mm.

This section was surrounded by an envelope of bone, varying in thickness

from 1 mm. in the anterior to 3 mm. in the posterior wall. It was composed of

lamellEe with oval lacuna; and bushy canaliculi, interrupted by a few Haversian

systems.

The remainder of the section was made up of cancellous bone, heavier in

the posterior than it was in the anterior wall, and having a radiating direction

from the posterior toward the anterior boundary of the section. The cancellous

bone, as a whole, was considerably denser than it was in the head and was

composed of lamella^, interrupted by a few crude Haversian systems.
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SECTION THROUGH THE LESSER TROCHANTER

Antero-posterior diameter of bone, 37 mm. ; lateral, 28 mm.

This section is surrounded by an envelope of bone, ranging in thickness

from 1 mm. in the posterior to 4 mm. in the outer, 2.5 mm. in the anterior and

5 mm. in the inner wall.

From the inner wall the calcar femorale, an extension inward of the sur-

rounding envelope, gradually separated into cancellous bone which then merged

into that occupying the whole central portion of the section.

Structure.—The envelope was composed of indistinctly lamellated bone

with diffusely arranged lacunte and bushy canaliculi, interrupted by crude Ha-

versian systems. The walls of the cancellous meshes were composed of lamellae

without Haversian systems.

FOURTH SECTION

Antero-posterior diameter of bone, 33 mm.; lateral, 28 mm.
Antero-posterior diameter of medullary canal, 19 mm. ; lateral, 19 mm.
Medullary index, 67%.

Structure.—With the exception of the posterior ridge this section was sur-

rounded by a wide horseshoe-shaped background of lamellae, forming half of

the thickness of the entire wall of the bone, and containing many Haversian

systems of the (la) and (C) differentiations.

The posterior ridge was composed of Haversian systems, between which

were lamellae with many large, oval lacunsE and bushy canaliculi. T\ie central

ring was narrow and composed of Haversian systems with some inter-Haversian

lamellae. Many of the Haversian systems were senile. A narrow ring of in-

ternal circumferential lamellae surrounded the medullary ca.nal.

FIFTH SECTION

Antero-posterior diameter of bone, 31 mm.; laticji-al, 31 mm.
Antero-posterior diameter of medullary can^d, 15 mm.; lateral, 14 mm.

Medullary index, 28%.

SIXTH "iECTION

Antero-posterior diameter ot bone, 28 mm. ; lateral, 26 mm.
Antero-posterior diame.Ver of medullary canal, 13 mm.; lateral, 10 niui.

Medullary index., 22%.

SEVENTH SECTION

Antero-posterior diameter of bone, 28 mm.; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 13 mm. ; lateral, 10 mm.

Medullary index, 23%.
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EIGHTH SECTION
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Antero-posterior diameter of bone, 28 mm.; lateral, 26 mm.

Antero-posterior diameter of medullary canal, 13 mm.; lateral, 12 mm.

Medullary index, 27%.

NINTH SECTION

Antero-posterior diameter of bone, 28 mm. ; lateral, 26 mm.

Antero-posterior diameter of medullary canal, 15 mm.; lateral, 14 mm.

Medullary index, 36%.

TENTH SECTION

Antero-posterior diameter of bone, 28 mm. ; lateral, 27 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 17 mm.

Medullary index, 62%.

ELEVENTH SECTION

Antero-posterior diameter of bone, 30 mm. ; lateral, 28 mm.

Antero-posterior diameter of medullary canal, 21 mm.; lateral, 20 mm.

Medullary index, 100%.

TWELFTH SECTION

Antero-posterior diameter of bone, 31 mm.; lateral, 28 mm.

Antero-posterior diameter of medullary canal, 24 mm.; lateral, 21 mm.

Medullary index, 140%.

Structure.—The above sections resembled in structure the fourth, a de-

scription of which is already given. There was, however, an increasing pro-

portion of the lamellar background from the fourth to the twelfth section.

Senile systems were numerous.

THIRTEENTH SECTION

Anteroposterior diameter of bone, 34 mm. ; lateral, 30 mm.

Structiire.—The section is surrounded by a wide lamellar background in

which are variously shaped Haversian systems. The remainder of the section

is cancellous.

FOURTEENTH SECTION

Antero-posterior diameter of bone, 30 mm. ;
lateral, 40 mm.

Structure.—The section is surrounded by lamellae with a few Haversian

systems. The remainder of the section is cancellous.

15
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FIFTEENTH SECTION

Antero-posterior diameter of bone, 31 mm.; lateral, 52 mm.

Structure.—The section is surrounded by lamellse with a few Haversian

systems. The remainder is cancellous.

' The type of bone of this femur was I-III, C, senile. The characteristic

units of structure were lamellae.

2. Left Femue of a White Female, 38 Cm. Long. No. 301, Cr. Meo. Coll.

Transverse sections were made at intervals of 2.5 cm. and in the same

situations as thev were in femur No. 300.

HEAD

Antero-posterior diameter of the equatorial section, 41 mm.; lateral, 41 mm.

Structure.—The section was surrounded by a tlun envelope of bone, 0.5 mm.

in tliickness, and composed of lamellae with a few very crude Haversian systems.

The remainder of the section was made up of cancellous bone much more dense

in the central portion than elsewhere and composed of lamelhT. The walls of

the meshes radiated from the central portion toward the periphery.

NECK

Antero-posterior diameter, 30 mm. ; lateral, 27 mm.

Structure.—The section was surrounded by an envelope of bone, varying

in thickness from 3 mm. in the posterior to 1 mm. in the lateral wall. The

enclosing envelope was composed of Haversian systems and some inter-Ha-

versian lamella;. The remainder of the section was made up of cancellous

lK)ne. denser near the j)osterior wall, and radiating from this location toward

the periphery. It was considerably heavier than that of the head, and the walls

of the meshes were composed of lamellae with a few Haversian systems.

SECTION THKOUGH THE LESSER TROCHANTER

Antero-posterior diameter, 34 miiL ; lateral, 33 mm.

Structure.—The section was surrounded by an envelope of bone, varying

in thickness from 4 mm. in the posterior to 1 mm. in the lateral wall. It was

composed chiefly of Haversian systems, between which were some inter-IIav-

versian lamella;. The calcar femorale was well marked and composed of lamella;

with many Haversian systems. The remainder of tlie section was made up of a

heavy cancellous bone composed of lamella?.
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FOURTH SECTION

Antei-o-posterior diameter of bone, 30 mm. ; lateral, 27 mm.
Antero-posterior diameter of medullary eaual, 22 mm.; lateral, 18 mm.
Medullary index, 97%.

FIFTH SECTION"

Antero-posterior diameter of bone, 29 mm. ; lateral, 25 mm.
Antero-posterior diameter of medullary canal, 20 mm. ; lateral, 15 mm.
Medullary index, 72%.

SIXTH SECTION

Antero-posterior diameter of bone, 27 mm.; lateral, 24 mm.
Antero-posterior diameter of medullary canal, 18 mm. ; lateral, 13 mm.
Medullary index, 58%.

SEVENTH SECTION

Antero-posterior diameter of bone, 26 mm. ; lateral, 24 mm.
Antero-posterior diameter of medullary canal, 16 mm. ; lateral, 13 mm.
Medullary index, 50%.

EIGHTH SECTION

Antero-posterior diameter of bone, 27 mm. ; lateral, 24 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 13 mm.

Medullary index, 87%.

As the foregoing five sections have practically the same minute structure

one description will be sufficient for all.

Structure.—These sections were composed of small and large Haversian

systems with a small amount of inter-Haversian lamell;?. Some of the systems

are senile. The external and internal circumferential lamellae were fragmen-

tary. The cancellous bone disappeared at the seventh section.

NINTH SECTION

Antero-posterior diameter of bone, 27 mm.; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 17 mm.; lateral, 15 mm.

Medullary index, 61%.

TENTH SECTION

Antero-posterior diameter of bone, 27 mm. ; lateral, 25 mm.

Antero-posterior diameter of medullary canal, 18 mm. ; lateral, 16 mm.

Medullary index, 75%.
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ELEVENTH SECTION

Antero-posterior diameter of bone, 32 mm. ; lateral, 30 mm.

Antero-posterior diameter of medullary canal, 26 mm.; lateral, 21 mm.

Medullary index, 69%.

Structure of the ninth, tenth, and eleventh sections.—\Yith the exception of

the posterior ridges these sections were composed of an external horseshoe-

shaped band of lamellae, which was wide in the anterior and very narrow in the

lateral wall. The lamellar band was frequently interrupted by Haversian sys-

tems, some of which were senile. The central ring was composed of well devel-

oped, small and large Haversian systems, some of which were senile. The

internal circumferential lamellfe were fragmentary.

The principal variations in these sections were seen in the appearance of

the band of lamelljE and reappearance of the cancellous bone.

TWELFTH SECTION

Antero-posterior diameter of bone, 33 mm. ; lateral, 28 mm.

Antero-posterior diameter of medullary canal, 20 mm. ; lateral, 19 mm.

Medullary index, 126%.

THIRTEENTH SECTION

Antero-posterior diameter of bone, 27 mm.; lateral, 36 mm.

Cancellous.

FOURTEENTH SECTION

Antero-posterior diameter of bone, 28 mm. ; lateral, 44 mm.

Cancellous.

FIFTEENTH SECTION

Antero-posterior diameter of bone, 35 mm. ; lateral, 70 mm.

Cancellous.

Structure of twelfth, thirteenth, fourteenth, and fifteenth sections.—These

were composed of Haversian systems and some inter-Haversian lamellae. The

band of lamelte was not present. The systems were small and large, and some

were senile. The external circumferential lamelte were fragmentary and the

internal were cancellous.

The type was III, C, senile.
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DiiTcrenlialod bone. Fi'og. Concentric liicuiis

URST DIFFERENTIATION

FlQ. F
Diffcicntiated bone. HaverBian system of man.

Concentric lamellje

Fig. H
Early stage in the differentiation of laniinx.

Aztec jay
Later stage in the differentiation of lamiii5e.

Chinese pheasant

SECOND DIFFERENTIATION

Fig. J
Latest stage in the differentiation of lamina;.

Pig

Xj

m^^cm
^i^e.

^--«

.«:>:* .

Fig. K
Stage la. Amphibian

Fig. L
Stage lb. Reptile

Fig. M
Stage Ic. Bird

Incomplete differentiation of Haversian systems

THIRD DIFFERENTIATION

Fig. N
Stage C Mammal. Man.

Complete differentiation of

Haversian systems

Fig. O
Haversian system

formed in the mesh of

cancellous bone

Fig. P
Haversian systems

formed in the canala of

a second type bone

ABERRANT FORMS

Fig. 1
First type, .'rog

Fig. 2
Second type. 'I'urkey

Fig. 3
Third type. Man
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Fig. 1

Cross and longitudinal sections
of a femur of the first type

Cross and longitudinal sections
of a femur of the second type

WM4
Fig. 3

Cross and longitudinal sections
of a femur of the third type

mm

i?:'i^

mi

'i^M

Fig. 4

Diagram illustrating a first type
femur

Diagram illustrating a second
type femur

Fig. 6
Diagram illustrating a third

tj-pe femur

Diagram illustrating a femur of

the first and third type
combination

1 .... s

Diagram illustrating a femur
of the second and third type

combination

Fig. 9
Di;ij;r:ini illustrating a fmur of
the Hrat, second and :hird

type combinatic*"

CROSS AND I/)NGITUD1NAL SECTIONS OF TYPES OF FEMORA, AND DIAGRAMS ILLUSTRATlNi; THK CONSTRUCTION OF FEMORA
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Fig. 1
I-II. Human fetus

Fig. 2
I-III. Hyrena crocula

Fig. 3
n-III. Elephas indicus

C0MBIN.\T10NS OF TYPES

Fig. 4
Ml-in. Bulldog
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'-•,2^4Zj,Xi

:H^ -"•:-

'•AiaHs*^ •MXiffliP^

liU. 1

Rij;ht femur of a large bull frog (Rana catesbiana),
showing radiating bush-like canals

Fig. 2
Right femur of a medium-sized bull frog (Rana
catesbiana), the radiating canals disappearing

Fig. 3
tiight femur of a small bull frog (Rana catesbiana),
in which radiating canals are displaced by lamellae

^1- *,*itt..cr:r -jv,^ .

H

C—

.'>l

Km. 4
Uight femur of a bull frog showing tlic first t.>pc

of structure

Fig. 5
Fractured and repaired femur of a bull frog (Rana
catesbiana), showing new cancellous bone of repair

AMPHIBIANS



SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE VOL. 35. NO. 3, PL. 2

Fig. 6
RigJit femur of

Aniblystoma tigrinuiii

(most primitive amphibian)

Fig. 7
Right femur of
Hyla versicolor

(tree frog)

Fig. 8
Riglit femur of Hyla

arenicolor

Fig. 9
Right femur of Hyla

femoralis

Fig. 10
Right femur of Hyla

evittata

Fig. 11
Right femur of Hyla

cinerea

Fio. 12
Right femur of Hyla

regrilla

Mm^'

Fig. 13
Right femur of Hyla

squirella

Fig. 14
Right femur of H\ la

gratiosa

Fig. 15
Right femur of

Dendrobates tinctoriua

Fig. 16
Right femur of

Leptodactylus albilabris

Fig. 17
Right femur of Chorophilus

feriarum

Fig. 18
Right femur of Acris

gryllus

Fig. 19
Right femur of Raiia

catesbiana

Fig. 20
Right femur of Rana

paUistria

FiQ. 21
Right femur of Rana
areolata circulosa

Fig. 22
Right femur of Rana

aurora

m?^
^'^^-i»^

Fig. 23
Right femur of Rana

pretiosa

Fig. 24
Right femur of Rana

draytonii

Fig. 25
Right femur of
Spelerpes ruber

'^^>"

Fig. 26
Right femur of Crypto-
branchus allegheniensis

Fig. 27
Right femur of Necturus

maculatus

Fig. 28
Right femur of Scaphiopus

holbrookii

Fig. 29
Right femur of Scaphiopus

couchii

Fig. 30
Right fennir of Scaphiopiis

hamrrondii

AMPHIBIANS

17
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Flc. 31
Right femur of Pipa americajia

(Surinam toad)

no. 32
Right femur of Bufo
agua (Bermuda toad)

m
Fig. 33

Right femur of Bufo
halophilus

m^
Fio. 34

Right femur of Bufo
columbiensis

Fig. 35
Right femur of Bufo

lentiginosus woodhousii

KiG. 3G
Ktgbt femur of Bufo americana

Fig. 37
Right femur of Bufo
lentiginoBU3 cognatus

Fiii. 38
liiglit femur of Bufo

valliceps

Fig. 39
Right femur of Han.i

boylii

REPTILES

Fig. 40
Right femur of Sphenodon
puuctatus (most piiniitive

reptile)

Fig. 41
Right femur of Phrynosonut

cornutum

Fig. 42
Left femur of (-'hamasleo

vulgaris

Fig. 43
Right femur of Phiynosoma

douglassii

FiO. 44
Right femur of Ptychozoop

homatocephaluni

Fig. 45
Right foniui of Itruaiia

tuberculatft

Fig. 46
Left femur of Varanus

salvator

Fig. 47
Right femur of

Amphibolurus barbatus

Fio. 4S
Left femur of Varanus

arenarius

FiQ. 49
Right femur of Varanus

nuchal is

AMPHIBIANS AKD REPTILES
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Fig. 50
Right femur of

Helodernia
suspectum

,-^:f
i?^

Fig. 51

Right femur of

Scelopoius
clarkii

Fig. 52
Right femur of

Sceloponis spinosu.s

floridanus

Fig. 53
Right femur of

Sceloponis
occidentalis.

Fig. 54
Right femur of

Sceloporus
magister

Mi ^i^

Fig. 55
Right femur of

Cyclura carinata

Fig. 56
Right femur of

Anolis cristatellus

Fig. 67
Right femur of
Crotaphytus

collaris

Fig. 58
Left femur of

Ciotaph\'tus
collaris

Fig. 59
Right femur of
Ameiva exul

Fig. 60
Right femur of

Kumeces
fasciatus

Fig. 61
Right femur of

Sauromahis

Fig. 62
Right femur of

Gerrhonotus
grand is

Fig. 6:i

Right femur of

Python regius

Wt>s

Fig. 64
Ijeft femur of

Python regius

,vii5r?^^SL>5^-

Fiu. 65
Left femur of Alligator

mississippiensis

Fig. 66
Femur of Chelydra serpentina

(snapping turtle)

Fig. 67
Right femur of Trionyx

spinifer (soft-slielled turtle)

i-^T^*-

Fig. 68
Right femur of Cinoster-
num pennsylvanicum

Fig. 69
Right femur of Chelopus

guttatus (spotted
turtle)

Fig. 70
T>eft femur of Chrysemys picta

(painted turtle)

Fig. 71
Right femur of Aromochelys

odoratua (musk turtle)

Fig. 72
Right femur of Pseudemys floridana

Fig. 73
Right femur of Testudo (Gopherus)

polj-phemua

REPTILES
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Fig. 74
Right femur of

fVanocitta stelleii

azteca (Aztec jay)

Fig. 75
Loft fnniiir of Mergus
serrator (red-breasted

merganser)

Fig. 76
Right femur of Ajaia ajaja

Onseate spoonbill)

^m'
Right femur of Tympanuchiis
americanus (prairie chicken)

Fig. 77V2
Right femur of Numida
meleagris (guinea-fowl)

Fig. 78
Right femur vi

Cyanocitta cristata

(blue jay)

Fig. 79 I'm. 80
I-eft femur of • Left femur of

Ptcroglossus torquatus Charadrius pluvialis
(banded touran) (golden plover)

Fig. si

Left femur of

Amazona oratrix
(Mexican parrot)

Fig. 82
Right femur of Turdus
migratorius (robin)

Fig. S3
Femur of Pelernnus erythrorhynchus

(white pelican)

Fig. 84
Right femur of Ara macao (macaw)

Fig. 85
Right femur of Nyrtht-rodius violaceus

(night heron)

Fig. 86
Femur of Pavo cristatus (peafowl)

-*9?K^

Fig. 87
Femur of Haliatus leucocephalus

(eagle)

FiQ. 88
eft femur of Aramus vociferus

(courlan)

Fig. 89
Luft femur of Centrocercus urophasianus

(sage grouse)

BIRDS



SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE VOL. 3£i, NO. 3. PL. S

Fio. 90

Left femur of Meleagris gallipav
(wild turkey)

Fig. 91
Left femur of Meleagris gallipavo
(domestic turkey, 16 lbs. weight)

Fig. 911/2

Left fomur of Meleagris gallipavo
(domestic turkey, 32 lbs. weight)

Fig. 92
Left feanur of Dendragapus obscurus

(blue grouse)

Fig. 93
Left femur of Rhea americaua

(rtiea)

Fio. 94
Left femur of Struthio

(ostrich)

KKi.95
Haversian system of

Fig. 94, showing early

central and late pe-

ripheral stages of

development

Fig. 95'^
Left femur of Phasianus tor-

quatus (Chinese pheasant)

Fig. 96
Right femur of Dromsus nova

hollandias (emu)

^-^A

Fig. 97
Pemur of Anas boscas (mallard duck)

KiG. 98
Femur of Emberiza citrinclla

(yellow hammer)

Fio. 99
Right femur of Chaima cristata

(crested screamer)

Fig. mo
Loft femur of Pandion carolinensis

(American osprey)

BIRDS
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Fig. 101

Right femur of Sarcorhamphus
gryphus (Andean condor)

Fig. 102
Right femur of Olor sp. (swan)

Fig. 103
Left femur of Gavia stellata

(red-throated loon)

Fio. 104
Femur of Gallus (domestic chicken)

•l^-)e;

Fig. 105
Femur of Corvus americanus

(American crow)

Fig. 106
Femur of Asio wilsonianus (long-

eared owl)

-\'-..

Fig. 107
Right femur of Bemicla canadensis

(wild goose)

Fig. 108
Left femur of Leptoptilos sp.

(stork)

Fig. 109
Right femur of Anthracoceros

nialabaricus (hornbill)

,:^0^^^f^.

Fig. im
i-enuir of Astur atricapillus

(goshawk)

Fig. Ill
I^eft femur of Inocotis papillosus

(ibis)

Fig. 112
Right femur of Cathartes aura

(turkey-buzzard)
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Fig. 113
Right femur of

Moripoops

FiQ. 114

Riirht femur of

Rhinolophus
mehelyi

Fig. 115
Left femur of
Sturnir.i lilivun

Fig. 116
Right femur of
Lonchorhina

Fig. 117
Left femur of

Rousettus
amplexicau-

datus

Fig. 118
Right femur of

Hjpposideros
lar%'atns

Fin. 119
Left femur of

Hemiderma

Fig. 120
Loft femur of

Desmodus
rotundiis

Fig. 121
Left femur of
Leptonycteris

Fig. 122
Right femur of

Rhinopoma
(Palestine)

Fig. 123
Left femur of
Erophylla
bombifrons

Fig. 12S
Left femur of

Scotophilus
heathii

Fig. 129
Right femur of
Miniopterus
schreibersii

Fig. 131
Left femur of

Vespertilio
murinus

Fig. 132
Right femur of

Molussus
nigricans

Fig. 133
Right femur of

Dasypterus
intermedius

Fig. 134
Left femur of

Molossus
major

Fig. 135
Left femur of

Antrozous
pal Iidus

Fig. 136
Left femur of

Eumops
californicus

Fig. 137
Right femur of

Plecotus
auritus

Fig. 13S
Left femur of

Xycticeius
humeralis

Fig. 139
Right femur of

Myotis
myOtis

Fig. 140
Left femur of

Eptesicus
bahamensis

Fig. 141
Left femur of

Nycteria
borealis

Fiq. 142
Right femur of

Glischropus
tylopua

Fig. 143
Right femur of

Nycteris
cinerea

Fig, 144
Left femur of

Phyllonycteris

Fig. 145
Right femur of

Megaderma
spasma

Fig. 146
Right femur of

Pteronotus

Fig. 147
Left femur of

Balantiopteryx
plicata

Fio. 148
Right femur of
Saccopteryx

Fig. 149
Left femur of

Petalia

Fig. 152
Right femur of

Chilonycteris

FiQ. 153
Right femur of

Cynopterus

Fig. 154
I^cft femur of

Artibeus
palmarum

Fig. 156
Right femur of
Macroglossus
minimus

Fig. 158

Right /.emiv" of

Cheiromeleb
torquatua

Fig. 159
Right femur of

Noctilio.

Fig. 160
Ijeft femur of

Pteropus
molossinus
(small) .

Fig. 161
Right femur of

Pteropus
molossinus
(large)

Fig. 162
Right femur of

Pteropus
aldabrensis

FiQ. 163
Right femur of

Pteropus
(Celebes)

Fig. 164
Right femur of

Pteropus
(.Tava)

Fig. 165
Right femur of

Pteropus
lepidus

Fig. 166
Right femur of

Pteropus
(Tongatabu)

FIFTY GENERA OF BATS
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Fig. 167
Right femur of

Pteropus
poliocephalus

(fruit-eating bat)

Fig. 168
Left femur of

'l\ipaia. Tree
shrew

Fig. 169
Right femur of Echidna (egg-laying

mammal)

Fig. 170

Left femur of Omithcrh.vnchus.
(duckbill, egg-laying mammal)

Fig. 172
Left femur of

Scalopus aquaticus
(mole)

Fig. 173 Fig. 174 Fio. 175
Right femur of Right femur of Left femur of

Sorex (shrew) Macropus (wallaby) Solenodon paradoxus
(young>

Fig. 176
Right femur of Solenodon

paradoxus (adult)

Fig. 177
Feiinir of Lemur mungoz

'~'?{^fe^s»

Fig. 17b
Left femur of Colobiis

abyssinicus caudatus
(African monkey)

Fig. 179
Femur of Putorius vulgaris (weasel)

FlG. 180
Right fcTiiur of Mus rattus (black rat)

Fig. 181
Left femur of Heteromys

(Spin.v pocket rat)

Fig. 182
Right femur of M.vogale moschata

(desman)

Fig. 183
Femur of Cynomys ludovicianus

Cprairie dog)

Fig. 184
Left fcinur of Trichosurus vulpecula

(phalanger)

Fig. 185
Loft femur of Phascoloniys ursinus

(wombat)

Fio. 186
Right femur of F.a^iiopvea

kolbi

MAMMALS
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criP^^©^

Fig. 187
Right femur of Tragiilus
javanicus (mouse-deer)

Fig. 188
Right femur of Mus

sylvaticus (wood mouse)

Fig. 189
Left femur of Erinaceus
europseus (hedgehog)

Fig. 190
Right femur of Viverra

Civet

Fig. 191
Right femur of Katufa

maxima (giant squirrel)

i™C^;

^PM^,

Fig. 192
Femur of Galeopithecus

(fijang lemur)

Fig. 193
Left femur of Manis (scaly ant-eater)

Fig. 194
Right femur of Procavia

capensis (coney)

Fig. 195
Left femur of Helictis

orientalis (asiatic badger)

SSWto??<-

^^i'if '^

Fio. 196
Right femur of Cynocephalus (baboon)

Fig. 197
Right femur of Cynocephalus niaimon

(.mandrill)

Fig. 19S
Right femur of Hydrochoerus capybara

MAMMALS
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Fig. 199
Ri^ht femur of a fetal sheep (eleven weeks)

Fig. 200
Rig-ht femur of a fetal calf (eighteen weeks)

Fig. 201
Right femur of a fetal pis (eight and one-half

weeks)

L>^

FlQ. 202
Femur of Cariacus macrotia (deer)

3^1

Fio. 203
Right femur of Sus (domestic pig)

Fig. 204
Right femur of Sua scrofa (wild boar)

FlQ. 205
Femur of Alces machlia (elk)

Kio. 206
Right femur of Camelus (camel)

Fig. 207
Right femur of Auchenia glama

(llama)

Fig. 208
Right femur of Rangifer (reindeer)
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Fig. 209
Left femur of Ursus americanus (black be.Tr)

Fio. 213
Right femur of a Mexican burro

Flu. 216
Right femur of Elephas africarms

(African elephant)

Fig. 210
Right femur of Taurotragus

(eland)

Fig. 211 Fig. 212
I>!ft femur of ConnochEetes Right femur of Ovibos
taurinus albojubatus (gnu) moschatus wardi (musk ox)

Fig. 214
Right femur of Tapirus (tapir)

Fig. 215
Right femur of Equus heniio

nus (wild ass of Asia)

Fig. 218
Right femur of Potos caudivol-

vulus (kinkajou)

Fig. 217
Femur of Cholcepus didactylus (two-toed sloth)

MAMMALS

Fig. 219
Right femur of Lutra canaden-

sis (otter)



SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE VOL. 35. NO. 3. PL. 13

Right femur of Simla satyiiis (orang-utan)
FlQ. 221

Left femur of Felis tigris

(tiger)

Fig. 222
Riijht femur of Hemigahis

hardwickii

Fir. 223
Right femur of Tatu novemcinctU8. Armadillo

^^*.

'm

Fig. 224
Right femur of Taiiiandua
tetradactyla (ant-pater)

Fig. 225
Left femur of Gorilla (gorillaj

.Fig. 228
Femur of Presbylis nibicunda (monkey)

Fig. 227
Uiglit femur of Hylobates (gibbon)

M \MMAI,S

Fig. 228
Irfft femur of Anthropopithe-
cus troglodytes (chimpanzee)
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#i'

fp

Fio. 229
night femur of Macacus rhesus (Indian monkey)

Fig. 230
Right femur of Sciurus sp. (large red squirrel)

Fio. 231
Higlit femur of Felis (domestic cat)

FiG. 232
Left femur of Felis catus (wildcat)

FiQ. 233
Keniur of Mephitis inephitica (skunk)

Fio. 234
Femur of Putorius vison (minlc)

Fig. 235
Left femur of

Cryptoprocta ferox
(catlike civet)

""^^m^
Right femur of Hyaena crocuta (Hyeena) Ri^lit femur of Thylacinus eynocepiiahis

(Tasmanian wolf)

Fig. 238
Right femur of Dasyprocta

agouti

Fig. 239
Left femur of Lasiopyga

cent(;alis johnstoni (monkey)

MAMMALS
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Fig. 240
Right femur of Felis canadensis (Canada tynx)

Fig. 241

Right femur of Lasiopyga sp, (African
monkey)

Fig. 242
Risrht femur of Midas rufoniger (South

.\merican monkey)

Fig. 243
lA'tt femur of I.rf3mur varicgatus

Fig. 244
Right femur of Lemur ralla

(ring-tailed lemur)

Fig. 245
Left femur of Ateles (spider-

monkey) (Tehuantepec)

Fig. 246
Right femur nf

Callicebus torqimtus
(squirrel -monkey)

1. -A •?--:''*:: '-. '^ ^,

Fig. 247
Left femur of Genctta (genet)

Fig. 245
Left femur of Pedetes (jumping hare) Right femur of Bradypus tridact\lus (three-toed slotli)

MAMMALS
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Fig. 250
Right femur of Castor canadensis

(beaver)

Fio. 253
Left femur of Equus caballus Oiorse) Right

Fio. 254
femur of Ovis (sheep)

Fig. 2.55

Right femur of Bison ameri-
canus (bison)

Fig. 256
Right femur of a mule.

No. 227, C. M. C.

Fig. 257
Left femur of a mule. No.

C. M. C.

Fig. 258
Left femur of a mule. No. 235,

C. M. C.

Fig. 259
Left femur of a mule. No. 236,

C. M. C.

MAMMALS
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Fig. 260
Left femur of Elephas indicus (.\siatic

elephant)

-;:*'--.l33^^*

??/*«•.
1>

h^G. 261

Riglit fennir of Hippopotamus amphibius
(hippopotamus)

- » > • .V, "a --V^V '-

rio. 262
r.eft lemvir of GirafTa camelopardalis (giiafTe)

b=t:-*=it-'-^arf=r'' '«=rfr-^-^

Fig. 263
Left fenmr 'jf Rhinoceros bicornis (rhinoceros)

1^
Riylit ffjinur of tquus burchelli (zebra)

f^m^*^

< • - r'"

I'lU. 265
Left femur of Ursus maritimus (polar bear)

n;:-

Ki^lit femur of Bubalis jacksoni (Hartebeest)

MAMMALS

*

*•'•

Pig. 267
Left femur of Phacochoerus (wart-hog)
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Fig. 268
Left femur of Felis concolor (panther)

Fig. 269
Left femur of Gulo luscus

(wolverene)

"?-T(*l?J*Gl?'

rf

.- i'

Fig. 270
Left femur of Erignathus barbatus (seal)

Fig. 271

Left femur of Bus hubalis i water buffalo)

Fig. 272
Lett femur of Ovis montana (mountain sheep)

Fig. 273
Femur of Cephalophus (.\frican antelope)

Fig. 274

Femur of Raphiceros (stt-inbok)

1 I'-iiiii''" Av

Fig. 275

Left femur of Gazella granti (Grant's gazelle)

M.^MMALS

Fig. 276
Left femur of Kobus ellipsiprymnus

(water buck)

18
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Fig. 277
Rig'ht femur of Arctomys monax

(woodchuck)

Fig. 278
Right femur of Canis latrans

(coyote)

Fig. 279
Right femur of Capra (groat)

Fig. 279'^
Right femur of a bull-dog (not ;

pure blood)

Fig. 2S0
r^ft femur of a shepherd dog- (not a pure blond)

Fig. 280%
Right femur of a dog

|M(,. 2S1
Femur of n fox terrier (not a pure blood)

Fig. 2S2
Right femur of a mongrrel dog

Fig. 2S:i

Right femur of a bull dog (not a pure blood)
FiG. 284

Right femur of a collie dog (not a pure blood)

Uicht ft'unir ni a spaniel (nut a pure bUx)d)
Fiu. 2iG

Left femur of Lepus cuniculua (rabbit)

M.\MiM.\LS
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Pig. 287
Right femur of Procyon lotor (raccoon)

} ..;«vj*''

Fig. 288
Os penis of Raccoon

Fig. 289
Femur of Canis lupus

(grey wolf)

Fig. 290
Right femur of a Felis leo (lion>

B v^^ rp' flQ-.-KJh,

Fig. 291
Right femur of Cani3 (small grey fox)

Fig. 292
Left femur of Taxidea amerlcana (American

badger)

Fig. 293
Right femur of Sfelursus labiatus (sloth bear)

^S^^^tefe*,

Fig. 294
Left femur of Canis aureus (jackal)

Fig. 295
Right femur of Didelphis virginiana (opossum)

Fig. 297
Right femur of Haplondontia olympica,

sewellel (mountain beaver)

m0i.
^'\ ••'.

•rr:'-:K/.-.
.r-^.rT,.,-.-;7VS;,

Fig. 29G
Left femur of Manis (scaly ant-eater)

Fia. 29S
Left femur of a Erethizon (porcupine)

MAMMALS
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Fia. 299
Right femur of a white
fetus of 2-2'^ months

Fig. 300 Fig. 301
Right femur of a white fetus Right femur of a white fetus of 4 monlhs

of 3-3% months

Fig. 302
night femur of a white fetus of 5-7 months

Fio. 303
Uigiit fennir of a wliite fetus of 8-9 rnontlis

Fig. 304
itight femur of negro fetus of 9 months

1^1

Fig. 305
Lligtit femur of white fetus of 8M; monllis

(Craniorrhachischisis)

Fio. 3CIG

Lett fennjr uf a negro. No. 2284S1. U. S. N. SI.

Fig. 307
Femur of mixed negro and white (half white).

No. 247368, U. S. N. M.

Fig. 308
Left femur of a negro. No. 3, Med. Dept.,

Tiilane Univ.

.M.\N (WTHTE, BLACK)
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FlQ. 309
L«ft femur of a negro. No. 87, M. D. T. U.

I''iG. 310
Right femur of a negro. No. 7, M. D. T. U.

FlQ. 311
Left femur of a negro. No. 4, M. D. T. U.

Fig. 312
night femur of a negro. No. 81, M. I). T. U.

Fl8. 813
Left femur of a negro. No. 10, M. D. T. U.

Fig. 314
Uighl. femur of a ne^ress, age 40. No. 123,

M. D. T. U.

%^'N *

Fig. 315
Left femur of a negro. No. 79, M. D. T. U.

Fig. 316
Left femur of a negro. No. 224714, U. S. N. M.

Fig. 317
Left femur of a negro. No. 11, M. O. T. U.

MAN CBLACE)
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li^^^

Via. 318
Right femur of a negro. No. 2, M. D. T. U.

Fig. 319
Left femur of a negro. No. 56, M. D. T. U.

FlQ. 320
Left femur of a. negress. No. 220, C. M. C.

^-s'^f

'* «. -";

Fig. 321
Uiglit fcnmr of a negress. No. 220. C. M. C.

.\nipututctl at lower third
Left fcunir of a negress age 14,

mixed black and white.
No. 226, C. M. C.

Fig. 323
Femur of a negro. No. 1, M. D. T. U.

Fig. 324
Rislit femur of a Kaffir negro. No. 263196, 0. S. N. M.

M.\N (BLACK)

Fio. 32.5

Right femur of a negro. No. 248674, U. S. N. M.
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Fig. 326
Left femur of a negro. No. 2486T4, U. S. N. M.

Fig. 327
Tibia of a negro. No. 248674, U. S. N. M.

Fio. 328
Fibula of a negro. No. 248674, U. S. N. M.

tm.
M

FlG. 329
DIna of a negro. No. 248674, U. S. N. it.

Fig. 330
Radius of a negro. No. 248674, U. S. N. M.

mmy
Kin. 331

Humerus of a negro. No. 248674, U. S. N. M.

Fig. 332
Clavicle of a negro. No. 248674, U. S. N. M.

Fig. 333
Metatarsal bone of great toe of negro.

No. 248674, U. S. N. M.

Fill. 334
Left femur of negro. No. 224713, U. S. N. M.

MAN (BLACK)
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Fig. 335
Right femur of a negro. No. 83, M. D. T. U.

Fig. 336
Right femur of a negro. No. 6, M. D. T. U.

Fig. 337
Right femur of a negro. No. 63, M. D. T. U.

Fig. 338
Left femur of a negro. No. 5, M. D. T. U.

Fig. 339
Right femur of a negro. No. 8, M. D. T. U.

'r:^*^-

»:-Vr,.v*f3.,

Fig. 340
Left femur of a negro. No. 7, M. D. T. U.

Flfi. 341
Right femur of Pueblo Indian child one year

old. No. 258675(7.) U. S. N. M.

1 ^ -r^/:-:h

Fig. .342

Left femur of Pueblo Indian child six vcars old.

-No. 25SG75(L), U. S. N. M.'

Fio. 342'/i
Left femur of Pueblo Indian youth. No.

258675(82), U. S. N. M.

NEGRO. PUEBLO INDI.\N.
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FiO. 343
Femur of Pueblo Indian adult. No. 258675(x) U. S. N. M.

Fig. 344
Right femiir of Pueblo Indian adult. No. 227339,

IT. S. X. M.

Fig. 345
Left femur of Peruvian Indian. No. 266469(b), U. S. N. M.

Fig. 346
Left femur of Peruviaji Indian. No.

Fio. 347

0, U. S. N". M. Left femur of Chicama Indian of Peru.
N'o. 2, U. S. N. M.

Fig. 348
Right femur of Cliicama Indian of Peru.

No. 3, U. 8. N. M.

Fio. 349
Right femur of Chicama Indian of Peru.

No. 1, U. S. N. M.

Fig. 350
Left fv.mur of Chicama Indian of Peru.

I«o. 4. U. S. N. M.

MAN (YELLOW-BROWN)
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Fig. 351
Left femur of Chicama Indian of

Peru. No. 7, U. S. N. M.

^:m^^
Fig. 357

Left femur of Pachacamac Indian of

Pera (child). No. 12, U. S. N. M.

Fig. 360
Right femur of Pachacamac Indian
of Peru (adult). No. 15, U. S. N. M.

Fig. 361
Left femur of Pachacamac Indian of

I'eru. No. 7, U. S. N. ^^

Fig. 362
Right femur of a Japanese male. No. 245,

C. M. C.

Fig. 363
Fumur of EjTvptian child of XII D^nast3•.

D. S. N. M.
No. 256479(dc)

Fig. 363a
Vascular origin of an Haversian
system as seen in Fig. 363 at A

Fig. 364
Femur of Egyptian child of .\II Dvnaatv. No. 256479 (d)

U. S. N. M.'

' , <

Fig. 365
Hisht femur of Es^yptian child of XII Dynastx'.

No. 256179(a3), U. S. N. M.

Fig. 366
Femur of Egyptian youth of XII Dvnasti'.

No. 258675(a) U. S. N. M. "

M.\N (PERrVI.XX INDI.\N AND EGYPTIAN)
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Fia. 367
Right femur of Ei^vptiail adult of \II D\na<;t\'

No. 2564Sl(d), U. S. N. M.

Fio. 368
Left femur of Egyptian adult of XII Dynasty.

No. 256481(a), U. S. N. M.

Fio. 369
Right femur of E^ptian adult, XII Dynasty.

No. 258675(e), U. S. N. M.

ii^M^-

Fig. 370
Femur of Egyptian adult of XII Dynastv.

No. 266478(23), U. S. N. M.

Fig. 37:
Right femur of Egyptian adult of XII Dynastv.

No. 256478(x) U. S. N. M.

%m^'
Fio. 372

Femur of a male white. No. 1629, U. S. N. M.
M.\N (EGYPTIAN AND WHITE)

Fig. 373
Right femur of a female white. No. 147, M. D. N. U.
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Flo. 374
Right femur of a white child less than one year old.

No. 249588, U. S. N. M.

Fio. 376
Femur of a male white. No. 53, C. M. C.

Fig. 376
Right femur of a male white. No. 171, M. D. N. U.

Fio. 377
Left femur of a male white. No. 95, C. M. C.

Fig. 378
Left femur of a male white. No. 96, C. M. C.

Fig. 379
Loft femur of a male white, age 45. No. 168,

M. D. N. U.

Fio. 380
lA^ft femur of a male white, age 50. No. 10,

M. D. N. U.

FlQ. 381
Femur of a female white, age 52. No. 227876,

U. S. N. M.

Fio. 382
Fenuir of a female white, age 60, No. 2278

U. S. N. M.

M.\N (WHITE RACE)
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Fio. 384
Left femur of a male white.

No. 162, M. D. N. U.

Fig. 385
Right femur of a male white.

No. 244, C. M. C.
Right femur of East Indian male.

No. 223, C. M. C.

FiG. 387
Left femur of No. 223 C. M. C.

amputated

V Cl^l*

Fig. 388
Right femur of a male white. No. 228479,

U. S. N. M.

,w

fe^
Fig. 389

Right femur of a male white, age 45. No. 154,

M. D. N. U.

Fig. 390
Left femur of a male white. No. 146,

M. D. N. U.

Fig. S91

Left foimir of a male white. No. 159,

M. D. N. U.

Fin. 392
Riyht femur of a male white. No. 1G7,

.\I. D. N. U.

I'-jci. 393

lliffht femur nf a male white. No. 172,

M. \). N. U.

MAN (WHITE RACE)



SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE VOL. 35. NO. 3, PL. 31

Fig. 394
Right femur of a male white. No. 242,

C. M. C.

Fig. 395
Right femur of a male white, age 60. No. 145

M. D. N. U.

Fia. 396
Left fenmr of a female white. No. 174,

M. D. N. U.

ri^-Lt-j •i^"

Fig. 397
Right femur of a male white. No. 157,

M. D. N. U.

Fig. 398
Left femur of a male white. No. 161,

M. D. N. U.

- "T^P^..^

'^:V. ..
'-i*.

•I. '

V^^ » rdr '^- ^^ •->

• ' <-V,\ - .r

Fio. 399
Right femur of a male white. No. 153,

M. D. N. U.

3^^^

J. .•i^4_-l•w-^ ,'/

Fjo. 4(1(1

UIglit femur of a male white. No. 243,

C. M. C.

« V

Fin. 401
Left femur of a male white. No. 148,

M. D. N. U.

Fiii. 41 il!

Left femur of a mals whi»
C. M. C.

M.\N (WHITE R.\CE)
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Fig. 403
Left femur of a male white. No. 97, C. M. C.

Fig. 404

Left femur of a male white. No. 99, C. M. C.

Fig. 405
Right femur of a male white. No.

M. D. N. U.

FIG. 406

Left femur of a male white. No. 163, M. D. N. U.

Fig. 407

night femur of a male white. No. l.'iG, M. D. N. U.

Fig. 408

Loft femur of a male white. No. 169,

M. D. N. U.

Fig. 4ng

Right femur of a male white, age 35. No. 151,

M. D. N. U.

Fig. 410

Left femur of a male white. No. 100, C. M. C.

MAN (WHITE RACE)

Fir.. 411

Right femur of a female white. No. 150

M. D. N. U.
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.r'

Fig. 412
Left femur of a male white. New bone development seen on the right.

No. 152, M. D. N. U.

fe;?^?•*&!-£ •?-'*£> .*.< iiv f^J-dSar

Fio. 413

Left femur, 33 mm. below the section 412. The femur has become
double. No. 152, M. D. N. U.

Fig. 414
.eft femur of a female white. No. 1&4, M. D. N. U.

Fig. 415
Loft femur of a female white. No. 166, U. D. N. U.

Fig. 416

Riiilit femur of a male white, age 22 (suicide). No. 175

C. M. C.

'^*Mm
Fig. 417

Lett femur of a male white. So. 98, C. M. C.
MAN (WHITE R.\CE)

Fio. 418
Lett femur of a male white. No. 81, C. M. C.
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Fig. 419
Keniur of an Australian. No. 227420, U. S. N.

Fig. 42U
Left femur of a male white. No. 94, C. M. C.

Fig. 421
Right femur of a male white. No. 142, M. D, N. U.

n.KH (AUSTR.\U.\N; WHITE RACE)

Fig. 423
.\ single Haversian system
enlarged showing lamellaj

Fig. 424
Haversian system shoeing
early stage of senility

Fig. 425
Haversian system showing'

later stage of senility

I 10. 420
Haversian system showing

latest stage of senilitv

DIAGRAMS SHOWING STAGES OF SENILITY
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Fio. 428
Right femur of male white (convict). No. 2,

M. D. Neb. U.

Fig. 429
Right femur of a male while (convict).

M. D. Neb. U.
Ko. 3,

Fig. 436
Right femur of a male white. No. 274, C. M. C.

».^^_
'

»>..

Fig. 437
Right femur of a male white. No. 275,

C. il. C.

Fig. 439
Right femur of a male white. No, 277,

C. M. C.

Fig. 41.5

Riglit femur of a white male. No. 284, C. M. C.

^
.4'J~<£3:

Fig. 451
Right femur of a male white. No. 289,

C. M. C.

Fio. 452
Left femur of a male white. No. 296,

C. M. C.

SUN (WHITE RACE)

Fig. 453
Left femur of a male white, age 40 (case of

idiopathic epilepsv).
No. 1, N. S. H.


















